
Harmonic Distortion Compliance Assessment 
and Renewable Generators

Issues and Proposed Update



Context

• More and more inverters are connecting to the grid

• Their harmonic frequency behaviour is different from traditional rectifiers

• Fair assessment of added distortion is required for:
• Commissioning

• Periodic compliance check

• Distortion allocation planning for the future

• Can we use current standards for this assessment? It’s getting harder…

• Measurement-based compliance decisions: clear pass/fail? 

• Are shunt filters at plant level still the answer to distortion?



Issues and updates

Issues:

1. Grid and load interaction, contribution and amplification: what can a 
shunt filter do?

2. Measurement uncertainty: can’t run from it

3. Compliance assessment: is summation law still usable?

Updates:

1. Agree on what contribution is, and on what a filter can do

2. Estimate uncertainty for a fair assessment

3. Estimate grid impedance, validate model, use for compliance



Issue 1: contribution and amplification

• Harmonic current injected by:
• Rectifiers: related to DC-side current, not AC-side voltage

• Inverters: depends also on AC harmonic voltage, they have an output filter

• Inverters’ impedance interacts with grid impedance:

𝑽𝑷𝑶𝑪 = 𝑽𝒑
𝒁𝒈

𝒁𝒑 + 𝒁𝒈
+ 𝑽𝒈

𝒁𝒑

𝒁𝒑 + 𝒁𝒈

𝑽𝑷𝑶𝑪 = 𝑽𝒑𝒌𝒑 + 𝑉𝑔𝒌𝒈

𝑽𝑷𝑶𝑪 𝑽𝒈 = 0 = 𝑽𝒑𝒌𝒑; 𝑽𝑷𝑶𝑪 𝑽𝒑 = 0 = 𝑽𝒈𝒌𝒈



Issue 1: contribution and amplification

• |kG| can be <>1 (<> 0 dB)

• Even if Vp = 0, connecting the plant 
can change harmonic content of Vpoc

• Can this be defined as contribution?

• Can proponents control it? Can they 
change Zp so that |kG|<1 ꓯ Zg ∈
polygons?

• What if plant is attenuating grid 
distortion? Negative contribution? Is 
it a service? See plot…

Example of kG in dBV: green dots stacked at each 
frequency are the values of kG for each polygon 

impedance point at that frequency



Issue 1: shunt filter at plant level vs amplification

• Classic shunt filter: low-Z trap for emissions

• Plant tries to change Zp via a shunt filter

• |Zf| = 0: ideal filter? No: possible 
resonance between Zt and Zg!

• Can Zf make Zp larger? Not always! E.g. if 
Zp is resistive

• Updates necessary: 
• Ideal shunt filter may not exist

• Some emission/amplification remains

• Trade off and scenario-based design

𝒌𝒈 =
𝒁𝒑 Τ′ / 𝒁𝒇 + 𝒁𝒕

𝒁𝒑 Τ′ / 𝒁𝒇 + 𝒁𝒕 + 𝒁𝒈

𝒌𝒈|𝒁𝒇=𝟎 =
𝒁𝒕

𝒁𝒕 + 𝒁𝒈



Issue 2: harmonic measurement uncertainty

• Summation law (IEC61000-3-6): 𝑈ℎ =
𝛼
σ𝑖𝑈ℎ,𝑖

𝛼 ; with sources and weights 

(see before): 𝑉𝑃𝑂𝐶 =
𝛼

|𝑽𝒑𝒌𝒑|
𝛼
+ |𝑽𝒈𝒌𝒈|

𝛼

• Invert to calculate contribution: 𝑉𝑃𝑂𝐶,𝑐𝑜𝑛𝑡𝑟𝑖𝑏. =
𝛼
𝑉𝑃𝑂𝐶,𝑜𝑝
𝛼 − 𝑉𝑃𝑂𝐶,𝑏𝑎𝑐𝑘𝑔

𝛼 , where “op” 

means plant operating, and “backg” distortion before connection

• Contributed Vpoc used for compliance assessment in “hold-point” testing 

• Questions:
• What is the uncertainty of contribution?

• $$$ depend on it! Is uncertainty low enough for a clear pass/fail? 



• Use Guide to the expression of 
uncertainty in measurement (GUM 2008)

• Example: background Vb = 0.7%, Vop = 
0.8%: uncertainty of contribution u(Vc) vs 
uncertainty of background u(Vb):

• u(Vc) can make a pass/fail unclear

• Consider probability of risk and severity 
of consequence for Vc > allocation

Issue 2: effect of background distortion uncertainty

Background: 0.7%; operation Vo: between 0.72% and 1.15%
Solid line: calculated contribution Vc

Uncertainty of Vc from uncertainty of Vb:
• u(Vb) = 0.05%: long dash
• u(Vb) = 0.1%: short dash

u(Vb) u(Vc) 

0.05% ±0.1% 

0.1% ±0.2% 



• Key question: how well does the 95th percentile of the background of 
“yesterday” estimate the 95th percentile of “today”?

• How confident am I in stating: “They are close enough”? 

Try this: at any node in the network:

1. Measure distortion for subsequent 2 weeks’ periods for 1 year

2. Take the 26 95th percentiles

3. Calculate variance of the 26 points: estimate of the uncertainty of Vb

Question: is this uncertainty low enough to achieve a clear pass/fail from the 
calculated contribution?

Issue 2: estimate background distortion uncertainty



Issue 3: grid impedance and contributed distortion

Alternative method to estimate contributed 
distortion: use a harmonic model.

• Can be used for calculating the 
contribution of Vp alone

• The amplification of Vg can be estimated 
from 𝒌𝑮 = 𝒁𝒑/ 𝒁𝒑 + 𝒁𝒈

• However… one needs to know Zp and Zg

• Zg can be especially tricky…

• ...but there are methods in literature to 
estimate its value

𝑽𝒑 = 𝑽𝑷𝑶𝑪 + 𝒁𝒑𝑰𝑷𝑶𝑪

𝑽𝑷𝑶𝑪 𝑽𝒈 = 0 =
𝒁𝒈

𝒁𝒑 + 𝒁𝒈
𝑽𝒑



Issue 3: estimating grid impedance 

Calculate “differential impedance” across two 
subsequent measurement intervals:

• Key: one distortion source must vary more than 
the other

• If Vp varies more than Vg, Zdiff ≈ Zg

• If Vg varies more than Vp, Zdiff ≈ Zp

• Literature gives examples of the application

• Variations can be created on purpose

• A model can be used to estimate contribution!
• In commissioning and for ongoing compliance

𝒁𝒅𝒊𝒇𝒇 =
𝑑𝑽𝑷𝑶𝑪
𝑑𝑰𝑷𝑶𝑪

X = Re(Ipoc), Y = Im(Ipoc), Z = Re(Vpoc)



Conclusions

• A shunt filter may not solve amplification: a trade-off is important
• Also, managing grid impedance from NSP side is an option

• Summation law: need a background, but what is its uncertainty? Estimate for 
fair decisions

• Model-based approach instead: create a validated harmonic model (through 
impedance measurement) and distribute it to proponents

• Rule change: allow other methods to be used, not just single standard

• Publish distortion trends and allocations outlook if they are becoming 
limiting factors in the uptake of inverter-based generation

• Distortion attenuation: can it become a service in a market?



Questions



Propagating uncertainty

• JCGM 100:2008 (GUM 1995 with minor corrections): Evaluation of measurement data – Guide to 
the expression of uncertainty in measurement 

• Section 5.1: determining combined standard uncertainty, uncorrelated variables

• Assuming uncertainty in previously measured background’s, and uncertainty of plant’s 
contribution plus new background, are uncorrelated (some approximation here: in fact there are 
periodic trends in the background)

𝑉𝑃𝑂𝐶,𝑐𝑜𝑛𝑡𝑟𝑖𝑏. =
𝛼
𝑉𝑃𝑂𝐶,𝑜𝑝
𝛼 − 𝑉𝑃𝑂𝐶,𝑏𝑎𝑐𝑘𝑔
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Estimating grid impedance: example

𝑽𝑷𝑶𝑪 = 𝑽𝒑
𝒁𝒈

𝒁𝒑 + 𝒁𝒈
+ 𝑽𝒈

𝒁𝒑

𝒁𝒑 + 𝒁𝒈

𝑰𝑷𝑶𝑪 = 𝑽𝒑
1

𝒁𝒑 + 𝒁𝒈
− 𝑽𝒈

1

𝒁𝒑 + 𝒁𝒈

𝑰𝑷𝑶𝑪 = 𝑽𝒑𝒌𝒄 − 𝑽𝒈𝒌𝒄

𝑽𝑷𝑶𝑪 = 𝑽𝒑𝒌𝒑 + 𝑽𝒈𝒌𝒈

𝑽𝒑 = 𝑽𝒑0 + 𝑽𝒑 𝑡 ; 𝑽𝒈 = 𝑽𝒈0 ൝
𝑽𝑷𝑶𝑪 = 𝒌1𝑽𝒑0 + 𝒌1𝑽𝒑 𝒕 + 𝒌2𝑽𝒈0 = 𝒌1𝑽𝒑 𝒕 + 𝑨

𝑰𝑷𝑶𝑪 = 𝒌𝒄𝑽𝒑0 + 𝒌𝒄𝑽𝒑 𝒕 − 𝒌𝒄𝑽𝒈0 = 𝒌𝒄𝑽𝒑 𝒕 + 𝑩

Where A and B are the sum of the constant terms. A “differential” impedance that considers two pairs of VPOC and IPOC observations at
two different times can be written as:

𝒁𝒅𝒊𝒇𝒇 =
𝑑𝑽𝑷𝑶𝑪
𝑑𝑰𝑷𝑶𝑪

=
𝒌𝟏
𝒌𝒄

= 𝒁𝒈

൞
𝒅𝑽𝑷𝑶𝑪 = 𝑽𝑷𝑶𝑪 𝒕𝟐 − 𝑽𝑷𝑶𝑪 𝒕𝟏 = 𝒌1 ∙ 𝑽𝒑 𝒕𝟐 − 𝑽𝒑 𝒕𝟏 = 𝒌1𝒅𝑽𝒑

𝒅𝑰𝑷𝑶𝑪 = 𝑰𝑷𝑶𝑪 𝒕𝟐 − 𝑰𝑷𝑶𝑪 𝒕𝟏 = 𝒌c ∙ 𝑽𝒑 𝒕𝟐 − 𝑽𝒑 𝒕𝟏 = 𝒌c𝒅𝑽𝒑
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