
How to measure voltage THD emission: can it be 
done?

• A scientific constraint

• What to measure: Metrological requirements

• A harmonic emission agreement

• A methodology

• Estimate, not measure – we remain unsure
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We do not know who is doing what

• Networks are interconnected

• Sources of distortion all over

• Single-point measurements cannot measure distortion 
contributed from any single source

• Non-linear loads are active loads with control to 
optimise the local performance 

• Non-linear loads interchange harmonic active power

• Rendering a single-point measurement useless

• Need to measure at ALL sources of distortion 
SYNCHRONOUSLY and SIMULTANEOUSLY 

✓ To fully understand the impact on Voltage THD



Harmonic emission – the aim
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Engineers need to be pragmatic

• To measure at EVERY source of distortion, at the 
same time (accurate time-stamping) –
impossible/unpractical

• Single-point measurements are what engineers use

• We can estimate, not assess (we never know 
precisely)

• We do contract on harmonic emission, we should 
be able to know contractual compliance?



Use good data
• Use a measuring instrument certified as compliant to IEC 

61000-4-30

• BUT: Class A Edition 4 (at least Edition 3) on BOTH voltage 
and current measurements and respecting IEC requirements 
on BOTH voltage and current harmonic phasors – with PQ 
10 min data in RMS

• Emission, in principle, requires knowledge on direction of 
harmonic current phasor

• That knowledge lost after 200 ms!

• 𝑰200𝑚𝑠,ℎ = 𝐼200𝑚𝑠.ℎ∠𝜑200𝑚𝑠,ℎ

• 𝐼𝑎𝑔𝑔,ℎ =
1

𝑁
σ𝑖=1
𝑁 𝐼200𝑚𝑠,ℎ,𝑖

2
1

2

IEC 61000-4-30



Voltage harmonics: Measure, and be uncertain

• Voltage and current transformers designed for 
Class performance at 50 Hz, NOT AT 
HARMONIC FREQUENCIES – linearity

• Harmonic phasors have a relatively small 
amplitude

• With “lower” impact on the magnetic circuit 
in use

• Causing “measurement uncertainty”

• All components in measurement chain contributes to METROLOGICAL 
PERFORMANCE

• We need to assess measurement uncertainty

• ”How much” can we really measure?



Voltage harmonics: The metrology chain
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Example of measurement uncertainty: Field application 
Power Quality Instrument Accuracy Class Ratio

Vectograph III IEC 61000-4-30, Class A, edition 3 on both voltage and current

Harmonics: IEC 61000-4-7, Flicker IEC 61000-4-15

Not applicable

Voltage Transformer 30 VA, Class 0.2 11 kV/110 V

Current Transformer 10 VA, Class 0.2 600:1 A



Example of measurement uncertainty: Technical standards

• (IEC 61869-2:2012)/ BS EN 61869-2:2012: Instrument transformers; Part 2: Additional
requirements for current transformers

• IEC/TR 61869-103: Instrument transformers – The use of instrument transformers for
power quality measurements.

• BS EN IEC 61400-21-1:2019: Wind energy generation systems (and PV)

• IEC 61000-3-6: Limits: Assessment of emission limits for the connection of distorting
installations to MV, HV and EHV power systems.



Example of measurement uncertainty: Results

The “GUM”



Measurement uncertainty: From where?

https://www.bipm.org/en/committees/jc/jcgm/publications



We can apportion harmonic emission

NRS 048 Part 4 -2021



We can measure only a few harmonics….



How do harmonic emission behave? (a)
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How do harmonic emission behave? (b)
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How do harmonic emission behave? (c)
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Not all harmonic current phasors are emission

5th harmonic current 
7th harmonic current 



Aggregate current harmonic phasors
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Emission – some phase angles are angels
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Emission becoming visual: Tracking harmonic 
emission – Continuous assessment is needed
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It also works for filters- track performance over time

3rd harmonic current being filtered not well all of the time 5th harmonic current being filtered well most of the time



Conclusion
• Renewable power plants to use utility grid in a contracted manner

• Compliance to grid code requirements, to be known/”tested”

• Assessment of compliance, every few years, but compliance in a dynamic 
distribution grid could be a time-variant feature 

• Assessment of compliance to harmonic emission (and flicker and 
unbalance) constrained by fundamental scientific principles

• Pragmatic solutions available to engineers as a compromise

• Which are not fully “pseudo-scientific”

• Extend principles of IEC 61000-4-30 to phasors when searching for 
“most guilty” culprit: Aggregate harmonic phasors
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