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Measurements: 

▪ Signal shape, FFT

▪ Energy of all meters

Traceable to international reference standards

 Confirmation of UT 

findings
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 2015-2018: LED and CFL lamps 
and heater with dimmers

 2018-2019: laptop, PC + 
monitor, smart-TV, refrigerator + 
freezer, microwave, USB 
chargers, DVD players, induction 
cookers, blenders, vacuum 
cleaners, drilling machines, patio 
heaters, coffee machines, water 
pump

 Most important parameters: 
Imax and dI/dt
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Phase firing dimmer

Phase shifting dimmer
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 Accuracy and reliability of the 

measurements

 Individual household appliances 

vs. real-world waveforms
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 3-year research project, completed 2021

 EU funds through EMPIR

 7 partners:

◦ 5 National Metrology Institutes (NPL, VSL, CMI, METAS, JV)

◦ 2 Universities (Utwente and UPC)

 Chief Stakeholder: Netbeheer Nederland

 > 25 supporting stakeholders
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Static Energy Meter Errors
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 140-TMX AC Power Supply

 Ideal grid at 50 Hz, 230 V RMS

 Mains supply of the building

 24 static energy meters
◦ representing the installed base of static energy 

meters throughout the Netherlands

 The internal consumption of the static 

energy meters has been compensated

 Reference: Yokogawa WT500

 Voltage and Current waveforms
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 Lower waterpump capacity
◦ Bigger error

 Faster rising edge

 Closer to the zero crossing
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 Parameters
◦ Current slope (di/dt)

◦ Phase firing angle 

◦ Rise time

◦ Fall time

◦ Crest factor

◦ Power factor

◦ Peak current

◦ Total harmonic distortion

◦ Energy (pulse width)
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 Monitor their energy consumption

 Inconsistent energy consumption
◦ After installing a remote-control on and 

off switch
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 A constant consumption 

of around 250 W

 After connecting the 

COTS switch

 Energy consumption 

dropped significantly
◦ Reaching negative values!

 No power generating 

equipment
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 Remote-control on and off switch
◦ Including dimming functionalities

 Household equipment
◦ Switched mode power supply

 The switch always initiates a 

dimming function
◦ Phase shift (FA 45°)
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 Fast rising edges



 Parameters
◦ Current slope (di/dt)

◦ Phase firing angle 

◦ Rise time

◦ Fall time

◦ Crest factor

◦ Power factor

◦ Peak current

◦ Total harmonic distortion

◦ Energy (pulse width)
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 Controlled-current load has been designed and built
◦ Quantifiably determine the relation between waveform parameters and meter errors
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Edge Phase FA Δ Error

S1   s  R s n  [↑] Below 90° - Error [W]

S2   s       n  [↓] Below 90° + Error [W]

S3   s  R s n  [↑] Above 90° + Error [W]

S4   s       n  [↓] Above 90° - Error [W]
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 Separate 

measurements
◦ Different Phases
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B
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 Simplified Pulse

 Differentiated

 Clipped

 Distorted current waveform 

after integration
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Edge Phase FA Δ Error

S1   s  R s n  [↑] Below 90° - Error [W]

S2   s       n  [↓] Below 90° + Error [W]

S3   s  R s n  [↑] Above 90° + Error [W]

S4   s       n  [↓] Above 90° - Error [W]



Edge Phase FA Δ Error

S1   s  R s n  [↑] Below 90° - Error [W]

S4   s       n  [↓] Above 90° - Error [W]

 How to protect?

 Why could this happen in the 

first place?
◦ We have standards, right?

◦    +    ≠   
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 Static meter manufacturers?

→    nd  d      n (I   T    WG  ,     T    WG  , …)

 Household electronics manufacturers?

→ CE mark

 Customers?

→ Common sense

 Utilities, metering companies?

→ “I   s their  n     b   ”

 Government?

→ Regulations (OIML, Welmec)

 What about the potential effects on other equipment? 

→ Do present emission and immunity tests cover these waveforms?

?
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 In-situ cases were found with COTS equipment

 The root-cause for Rogowski coil meter errors was found
◦ Phase and di/dt 

 Investigated and tested > 70 meters

 Impact study in the Netherlands based on statistics 

 Dutch rules for new meters
Meters should operate correctly for all test waveforms

 Cenelec TC 13 WG 01 task force MeterEMI
Selection of proper test waveforms in addendum of EN 50470

 Influence of voltage distortion?
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Tom Hartman

tom.hartman@utwente.nl

Helko van den Brom

hvdbrom@vsl.nl
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