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We cannot measure harmonic emission

* We can estimate Qrmwedlﬁlmmmptmbpfé@bm emission
* Assessment of harmoaﬁ@pi@}ig@w@iﬁg@m@dﬁ@ation, quantum is

unknown.
* An electrical utility interconnects SORes of(wa eform distortion
A: Shocked.
* These sources are located all over.

* Distribution networks host many types of distorting sources, with renewable
generation potentially, a significant role-player

* A solid-state interface to inject, or to absorb, electrical energy.
* Non-linear principle of operation

* Ability to exchange harmonic active power between non-linear sources



Considerations on harmonic emission
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The IEC 61000-3-6 on harmonic emission
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Containing the pollution: limits on emission

* Limits on the injection of harmonic currents - a contract between the user
of the network and the owner of the network

e Owner calculates "how much” harmonic currents can be tolerated at a

PCC

* Process of apportioning- fundamental network principles - Ohm’s law
 Resistance is futile... unless you're an electrical circuit!

* [EC and other standards set guidelines - to be used in a contract

* How do you know that the user respect the contracted agreement!

* By the assessment of harmonic emission: ESTIMATION of what a single
source contributes - cannot be MEASURED.



We can only remain uncertai

* Because we can only estimate, not measure har;

e Current emission is the “cause” to voltage emis

e Sherlock Ohms is neede

o “Itis
* Instruments are needed to measure current
* Digital data, to be analysed digitally
* From the real world - to the measurand in Exc

* Have not included the performance of the CT

e All components in the measurement chain contribute

* Let's focus on the low-hanging fruit

[

FOR GOODNESS SAKE
MORTY, CLOSE YOUR ROBE!

Low Hanging Fruit



Influence of burden or error (PF 1.0 & PF 0.8) - 200/1, 22 kV
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. « o Transmission system - 275 kV
Harmonic emission -
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Considerations on the metrology

e Up to 132 kV, magnetic VT’s - capacitive VT's - poorer f-response

* Measurement Class - CT and VT, Class 0.2 is common for instrumentation
* 0.2% Error at rated conditions (50 Hz, 5% - 120%) - [EC 61869-2

* 1 A rated secondary circuits increasingly exists.

* Instruments needs to produce useful data (certified, accurate and and)

* [EC 61000-4-30 Class A - Edition 4 on current - forensic quality data.

* The real world has to be translated into the digital world

* Analog to Digital conversion, subjected to measurement rules - 200 ms, filters
- signal processing rules and and - to generate measurand visible in Excel



Transmission system - 275 kV

275/132 kV
275/ 88 kV

7 km overhead line

Normal fault level: 1647.97 MVA
Weakened fault level: 964.36 MVA
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Transmission - 275 kV

Transformer
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7 km overhead line
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Resolution of measurement (1)

o Certified PQ instrument designed for 6 A (rms) secondary CT measurement

* 600:1 ACT

* 16-bit converter measurim@ 6 A rms ot e o0 160 A/D
10.0

8.0

Resolution = 3 X (8'49/215)

4.0

= 2.3 mA into instrument

= 0.47 A in primary circuit
(0.0023 x 600)

-10.0



Amplitude (p.u.)
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Resolution of measurement (2)
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Harmonic currents - 100 MW PV farm
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Harmonic emission limits: measurement resolution
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So, we cannot assess compliance to harmonic emission?

bhm]ock Holmes And

Yrrean

* It is possible, sort of, yes, IF:

* You use an instrument, certified to IEC 61000-4-30, B | .’ y— S— g f
Class A + Edition 4 (or 3) BUT for both V&I i |

 That instrument at least a 16-bit A/D
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 Realistic harmonic limits: apportioning (mathematics)
to calculate limits > spreadsheet - pragmatic

| h,
’ .“-—.

e To identify those current harmonics that increase the = &}
network (background) voltage harmonic }

 And, < harm no 17
e Then, sort of possible........

* Yes, because: Results(t) — The Truth is NOT Social

* And, if you know what method to apply



