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Foreword 
This document, the “IEA 4E EDNA Documentation Note on Power Measurement of Energy 

Monitoring Systems”, is not a test standard or test method, but a guidance note on measurement 

and data collection to inform the EDNA community about the methodology and procedures the IEA 

4E EDNA Task 1 leader used when measuring the own power consumption of commercially available 

Energy Monitoring Systems. More information about EDNA’s work can be found here: 

http://edna.iea-4e.org 

Purpose of this document 
The purpose of this documentation note is to describe and specify the test conditions for the 

measurement of the own energy consumption of Energy Monitoring Systems (EMS). The results from 

these measurements are used to build country specific case studies in the context of EDNA Task 1. 

Therefore the accurate and reproducible measurement of the own power consumption and the 

definition of the operating states is key. 

EDNA Task 1 
This EDNA Task 1 will explore the he parasitic energy use of smart metering infrastructure (SMI) and 

Energy Monitoring Systems (EMS), consider the magnitude of the impact of these systems, and 

deliver a series of recommendations to be considered by policy makers. 

Disclaimer 
The author has endeavoured to the best of his ability to present a clear and reasonably sound 

guidance note for power measurement, however neither he nor the IEA 4E Implementing Agreement 

make any warranties as to the accuracy nor accept any liability associated with the use (or misuse) of 

this publication. 

Furthermore, any references herein to commercial products, processes, or services by trade name, 

trademark, manufacturer, or otherwise, does not constitute or imply its endorsement, 

recommendation, or favouring. 

  

http://edna.iea-4e.org/
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Introduction 
This document outlines the approach followed by the IEA 4E Electronic Devices and Networks Annex 

(EDNA) Task 1 in the measurement and collection of power consumption data of a wide range of 

EMS. 

The measurement methodology described herein is intended to facilitate indicative measurements of 

power consumption, that can be carried out by non-technical people in a home, office or retail 

environment. The measurement method is NOT compliance or enforcement testing. 

For those who require a more rigorous product assessment, with very precise levels of power 

consumption for EMS devices, we recommend using an accredited test laboratory and an 

international test standard such as IEC 62301:2011 (Household Electrical Appliances – Measurement 

of Standby Power), the equivalent european norm EN 50564:2011 (Electrical and electronic 

household and office equipment - Measurement of low power consumption) or EN 50563 – 2014 

(External a.c. - d.c. and a.c. - a.c. power supplies - Determination of no-load power and average 

efficiency of active modes). The measurement methodology described in this document follows the 

general guidance given by IEC 50564:2011, however differs from this norm in the following critical 

areas: 

 Power Source requirements – a typical office/household mains power socket, rather 

than a laboratory regulated power supply.  

 Power Meter – one that is widely available and relatively inexpensive, with less precision 

than an accredited laboratory power meter but offering accuracy on low-power mode 

measurement. Specifically with respect to recording of the harmonic content and the 

sampling rate.  

Definition and key functionality of EMS 
An EMS, in this context, is described as a system used to visualise the electrical energy consumption 

in a household to the consumer. This information has to be accessible to the user in almost real-time 

and/or on-demand. The data should include the current consumption as well as logged data. The 

critical difference to SMI is that, SM are used to communicate almost real time energy data to the 

DSO / data hub, while EMS visualise the energy consumption to consumers. SM with an integrated 

display shall not be considered as EMS, unless the SM can store and make available to the user (on 

demand) logged data through this integrated display, where a case-by-case decision would be 

needed. In contrast to the SMI market, the EMS market is B2C. The global intensive marketing efforts 

in this area and the fact that market research companies are beginning to track sales data for these 

products would indicate that this is a growing and important future market with products that may 

become relevant in terms of energy consumption. 
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Figure 1 Example of a typical setup for a simple residential EMS 

Measurement Preparation 

EMS Sampling  
The EMS should be identical to the systems purchased by consumers and available through regular 

retail channels, so as to best represent the market in a given country. For power consumption 

measurements, all (core) devices of the EMS will be needed. If possible the energy consumption of all 

devices of a system should be measured, even if they perform functions which are not related to the 

core energy monitoring functionality. 

Understanding operating modes 
EMS range from very complex home automation systems with multiple sensors and actors, 

interacting automatically through a hub, to simple systems with very few devices to measure and 

display energy consumption. Each device may have different operating modes including but not 

limited to “OFF”, “Stand-By”, “Sleep”, “Ready”, “On”. 

Example: For a simple EMS, consisting of a hub and a smart plug, the possible operating states for 

each device need to be defined. The hub may have a “Ready” and “Operating” mode. In the “Ready” 

mode the hub is ready to receive data from the smart plug. In the “Operating” mode it actively (tries 

to) communicate(s), with the router. 

The operating modes should be defined in the technical specifications of the product and can be 

verified by long term measurement of the power consumption in a real environment with the 

appropriate (factory default) settings. EMS systems may or may not display periodic behaviour. To 

determine this, a measurement over a period of at least 60 minutes is necessary. If the system 

displays stable consumption behaviour, ie. no periodic shifts in operating states and loads, the data 

measurement can be carried out over a period of more than 15min. 

In the example we have chosen, the hub is plugged in and alternates between the modes “Sleep” and 

“Operating” as shown below. 

Smart 
plug 

Hub Display 

Wireless comm. 
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With period shifts in operating states the data should be logged over at least four full cycles and at 

least 60 minutes after allowing for the system to stabilize. To calculate the average energy 

consumption, the data will have to cover two identical measurement periods, comprised of at least 

two full cycles each and no shorter than 10 minutes each. 

 On 

 Sleep Operating         
           
Time [min] 55 5 55 5 55 5 55 5 55 5 
Figure 2 Definition of a hybrid „On” mode if the device alternates between operating modes. 

In this example, we also have a smart plug which is constantly plugged into the wall socked. It 

exhibits no period consumption behaviour. It is constantly measuring, logging and communicating 

with the hub. 

The actual energy consumption of a smart plug however depends on the operation it is currently 

carrying out. The plug can have a secondary load connected to it or not. It can be communicating 

with other plugs or the hub and if it is a load switching plug, the status of the load switch can be “On” 

or “Off”. These three options present 8 different statuses which the can be investigated. The main 

statuses which the investigation should concentrate on are ID 1 and ID 2, where the smart plug is: 

 communicating in a network, 

 with a secondary load connected and 

 either in Switch “On” (ID 1) or Switch “Off” (ID 2) status 

The other statuses should be briefly investigated to identify large changes in average power 

consumption which may have implications depending on the use scenario these figures will be 

utilitsed in. 

Type of Device Communication status Load status  Switch status Status 
ID 

 in a network  with load  On 1 

Off 2 

without load  On 3 

Off 4 

not in a network  with load  On 5 

Off 6 

without load  On 7 

Off 8 

Figure 3 Operating states of a smart plug 

The energy consumption (of the communication system) may depend both on the physical location 

of the devices (distance and physical barriers such as walls), on the location of the devices in the 
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network (ie. end-point or relay-point) and for some systems different type of smart plugs may exist 

with stronger and weaker communication signal. Since the average power consumption may be a 

function of the size of the connected secondary load, measurement with different loads should 

therefore be carried out. 

Setup and Equipment  

Location 

The power consumption measurements shall be carried out in an environment where the ambient 

temperature is between 18°c and 28°c. The EMS shall be installed in a realistic environment and 

appropriate network setup, ensuring that the maximum specified distances between the individual 

devices are not exceeded.  

Power Supply 

The measurements may be carried out using a typical household / office mains power supply (i.e. 

power socket) fitted with a Residual Current Device (RCD) safety switch that is integral to the supply 

itself. 

Power Measurement Equipment 

An in-line power meter shall be used that is capable of measuring the supply voltage as well as the 

power with an uncertainty less than 0,5% for the wattage interval 0.01 W - 10.00 W. 

Note: two power meters may be useful if the standby power of a hub is also being measured, 

although one meter can also be used if the measurement are not performed concurrently. 

Recording Measured Data  
Measurement data is collected using a dedicated Excel spreadsheet including EMS information, 

network setup description and the measurement data. After the measurements have been 

completed, please ensure that all fields in the results spreadsheet are completed, including noting 

any significant observations in the Notes & Observations field. 

Power Measurements 

Measurement setup 

The equipment is set up as shown in the figures below. When the EMS device is an end-consumer, 

such as a display, the hub or a sensor, it can easily be measured using a single active power meter as 

shown in Figure 4 below. 

 

W 
+ 

- 

Active Power Meter - A 

EMS device 

 
Base unit 

Sensors 

Display 
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Figure 4 measurement setup for the power measurement of EMS devices without a secondary load connected 

When the EMS device has a secondary load connected to it, it has to allow a calculation of its own 

power consumption as shown in Figure 5 below. 

 

Figure 5 Measurement setup for the power measurement of a smart plug with a secondary load connected 

Since this setup results in the linear combination of measurement errors single measurement 

readings in this setup may have a large measurement error associated, which may surpass the value 

of the measured consumption of the smart plug. When logging datapoints over long measurement 

periods, these errors can be greatly reduced. 

EMS Measurement  
For the measurements we distinguish between “independent devices”, which cannot have a 

secondary load connected, such as the hub, displays, sensors, etc. and “link devices” which can have 

a secondary load connected and whose own power consumption may depend on this secondary 

load, such as smart plugs, switches, etc. 

Measure the own power consumption of the measurement equipment 

1) Measure the own power consumption of the Active Power Meter B using the same setup as 

shown in Figure 4. Operate the system for 10 minutes to stabilize it, allowing the devices to 

warm up. Measure the consumption for 1 hour. It should be constant. If possible, connect a 

“standard load”, and log the consumption for 1 hour to identify whether the power consumption 

changes when a load is connected. It should not change significantly (ie. not greater than the 

measurement error). Note this own power consumption of the Active Power Meter B. 

Preparation 

1) Note the make and model of the device being measured. 

2) Plug only one device into the power meter, such that only one device is measured.  

3) Prepare and set up the smart plugs(s) and hub (if present) in accordance with the manufacturer’s 

instructions, using the factory or default settings. Install the smartphone app or other user 

interface software. Note that a WiFi network may be required. 

4) When setting up the system, space the systems only up to the maximum allowed distance with 

natural obstacles between them (walls, furniture, power cables, etc.) to mimic a realistic 

environment. 

W  
    W 

+ 

- 

Active Power Meter - A Active Power Meter - B Secondary 

load 

Smart plug 
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5) Operate the system and ensure it is working as intended, including functions such as secondary 

load measurement, logging, communication (data transfer) and switching, controlled through the 

user interface. 

6) Operate the system at full functionality for at least 30 minutes to allow the devices to warm up 

and for its electrical power to stabilise.  The EMS shall be considered stable after this initial 

stabilisation period. 

7) Log the voltage and current (or power consumption directly) through the power meter. 

 

Measure independent EMS devices (hub, displays, sensors, etc.) 

If a separate hub is provided with the EMS, then the power consumption of this hub shall also be 

measured.  Ideally, this measurement shall be made concurrently with the measurement of the other 

EMS devices, however if only one power meter is available, this measurement can be done 

separately to the other devices.  
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2) Connect a power meter to the hub (such that only the hub is measured). 

3) Operate the hub for at least 30 minutes to allow it to warm up and for its power demand to 

stabilise. 

4) Record the hub power consumption for 

24h. The power is likely to remain 

relatively stable throughout operation of 

the hub, however it may enter different 

operating modes and therefore needs to 

be monitored over a longer time period. 

5) Figure 6 shows a typical constant load 

profile for an arbitrary hub. Clearly 

visible are regular peaks in consumption 

which do however do not last for more 

24h measurement 

Constant* Periodic changes* 

Repeat measurement twice 

(60 min. periods) 

Repeat measurement twice 

(4 cycles periods) 

Deduce average power consumption over measurement period 

per operating mode 

Record average power consumption per operating mode for the 

creation of user scenarios in later analysis 

Review measured data 

Measure while actively operating unit under full functionality  

(5 min) 

Figure 6 Constant consumption behaviour of a hub 



10 
 

than 300 seconds and therefore do not constitute an individual operating mode. A single 24h 

measurement is sufficient in this case to calculate the average consumption. 

 

6) If the consumption changes over the 

observation period as shown in Figure 

7, then investigate any periodic shifts 

in consumption (ie. sleep mode, 

communication mode, update mode, 

etc.)  

 

7) Repeat the measurement a further 2 

times so that you have three sets of 

data from which you can extract the 

average power consumption and the 

average time spent in each operating 

mode.  

For link EMS devices (smart plug, switch, etc.) 

 

Figure 7 Periodic consumption behaviour of a hub 
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Constant* Periodic 

changes* 

*for definition & details see step by step guide below 

X: define measurement duration to cover at least two four full cycles 

24h measurement (ID 3) 

Connect second power meter & secondary load 

Set Status ID 2  

Communicating in a network, with load, switch OFF 

Set Status ID 3  

Communicating in a network, without load, switch ON 

Stabilize 30 min 

Stabilize 30 min 

Set Status ID 1  

Communicating in a network, with load, switch ON 

Stabilize 30 min 

Xh measurement (ID 1) 

Calculate average electricity consumption as a function of the operating state and the connected 

secondary load 
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Set Status ID 7  

Not communicating in a Network, without load, switch ON 

1h measurement (ID 7) 

Compare results to ID3 & evaluate 

Stabilize 30 min 

1h measurement (ID 1) 

Xh measurement (ID 2) 1h measurement (ID 2) 
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8) Connect the primary active power meter A. 

9) Connect the link devices without connecting a secondary load. 

10) Select and note the appropriate Measurement Status (ID 3: Communicating in a network, 

without load, switch ON) as described in Figure 3. 

11) Measure the own power consumption over a period of 24h. 

12) Identify all operating modes and determine the appropriate measurement period for the 

following measurements. The same guidance as with independent EMS devices applies and the 

measurement period should cover at least four full cycles. 

13) Connect a secondary power meter for measurement of secondary load. 

14) Connect a secondary load to the smart plug. 

15) Operate the system and ensure it is working as intended, including functions such as actual 

secondary load measurement, logging, communication (data transfer) and switching, controlled 

through the user interface. 

16) Switch to Measurement Status ID 2: Communicating in a network, with load, switch OFF as 

described in Figure 3.  

17) Operate the system at full functionality for at least 30 minutes to allow the devices to warm up 

and for its electrical power to stabilise.  The EMS shall be considered stable after this initial 

stabilisation period. 

18) Log the voltage and current (or power consumption directly) through the power meter for a 

period of 1h for each secondary load. 

19) Repeat the measurement a total of three times. 

20) Switch to Measurement Status ID 1: Communicating in a network, with load, switch ON) as 

described in Figure 3.  

21) Operate the system at full functionality for at least 30 minutes to allow the devices to warm up 

and for its electrical power to stabilise.  The EMS shall be considered stable after this initial 

stabilisation period. 

22) Switch to Measurement Status ID 7: Not communicating in a Network, without load, switch ON 

and compare the results to the measurements with Status ID 3, to investigate whether there is a 

higher standby power consumption because the plug’s network circuit is searching for a signal? 

 

Calculation of smart plug power consumption from measured data 

The first power measurement 
AP  is taken before the smart plug, and logs the consumption of the 

smart plug SPP , the second measurement device, with an own power consumption 
CP  and the 

secondary load with a power consumption 
BP .  The measured value 

AP  therefore consists of three 

parts 

Eq. 1 BCSPA PPPP   

To calculate the consumption of the smart plug SPP  from the measured values one can simply 

rearrange Eq. 1 to give CBASP PPPP   

AP  and 
BP  are directly logged in the experiment while the own power consumption of the second 

measurement device 
CP  needs to be measured in advance.  


