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THE PROBLEM

Wind turbines and PV power plants are sources of harmonics
Measured harmonics are influenced by:
- the existing voltage harmonic distortion in the power systems
- the grid harmonic impedance
- operating point of the wind/PV unit

Part of the measured harmonics is due to the existing grid distortion

Grid Compliance assessment of the harmonics included in the PQ
Certification Reports is a difficult task

Methods for accurate assessment of compliance with harmonic limits are
still under investigation
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HARMONIC COMPLIANCE ASSESSMENT ACC. TO IEC 61000-3-6
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CURRENT STATUS OF HARMONIC MEASUREMENT AND ASSESSMENT

» |EC 61000-4-7, 61000-4-30 Instrumentation, accuracy,

_ aL # All types of equipment
aggregation, synchronization

> IEC 61400-21, Ed.2 Measurement procedure = Wind turbines (valid
also for PV inverters)

> |EEE 519 Harmonic measurement and
limits assessment All types of equipment
» |IEC TR 61000-3-6 Assessment of harmonic

emission limits

»FGW - TR3, IEC 61400-21-1, CDV Determination of grid bias
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STANDARD HARMONIC ANALYSIS
Evaluation of Parameters
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STANDARD HARMONIC ANALYSIS

Parameter / I[EC 61400-21-1,

procedure IEC 61400-21, Ed.2 Ed.1. CDV IEEE Std519
Instrumentation Compatible with IEC 61000-4-7 and 61000-4-30
Averaging time 10 min 10 min 3s /10 min
Number of = 3 for each 10 % =7 for each 10 % 2 24h for 3s and
measurements power bin power bin 2 7days for 10min
Adgregation Arithmetic Arithmetic Geometric
method
. Max of all 95t percentiles of 95t and 99t
Statistical :
measurements per  all measurements  percentiles for each
assessment : :
power bin per power bin 24h
Parameter Current Current Current / Voltage

» A combined IEC 61400-21 and IEEE 519 measurement and assessment

procedure is more suitable for wind turbines and PV inverters:
(a) Fill all power bins of 10% of the nominal power
(b) Present both 3s and 10 min results using geometric aggregation
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OVERVIEW OF METHODS FOR GRID HARMONIC BIAS ESTIMATION

Statistical
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Additional

Standard harmonic tests
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Symmetrical

components

\» Additional evaluation /

procedures
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PHASE ANGLES AND SYMMETRICAL COMPONENTS

» Calculation of harmonic phase angles

Pr1 = Pup, — Prp, phase angle between the harmonic
current and the fundamental frequency
Pn = Py, — P1y, phase angle between the harmonic

current and the fundamental frequency

Calculation of phase angles is important for the identification of harmonic
flow direction and for the estimation of the total harmonic current on a
power plant level.

» Symmetrical components

Understanding the sequence characteristics of the harmonics is
important to perform harmonic analysis on the grid where a WT or PV
Inverter is connected.
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Area with correlation
DAILY PATTERN Coeff. > 0.5
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» Harmonic frequencies that appear to have high correlation (indicatively >
0.5), can be considered as mainly coming from the grid.
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EFFECT OF THE OPERATING POINT — GRAPHICAL INVESTIGATIONS

Harmonic current vs Power
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- Harmonic current partly
iInfluenced by the wind turbine

-  Power effect to be considered
for the daily pattern
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Harmonic current (% of In)

Harmonic current vs voltage
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If the voltage and current show
limited dependency on power but
they are proportional to each
other, this provides an indication
of grid influence
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SWITCHING OF NEIGHBORING LOADS
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» Measured harmonic current emissions higher when the neighboring wind
turbine is ON:

» (@) due to change of the grid impedance,
» (b) due to additional harmonic emissions from the neighboring wind turbine
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NOISE MEASUREMENTS
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Distribution of harmonic
measurements gives
more representative
information about the
actual harmonic
emissions

In this example,
operating wind turbines
improve 5™ order
voltage harmonic at the
point of connection
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MEASUREMENT AT DIFFERENT GRID IMPEDANCES
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HARMONIC DIRECTION
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* Original concept introduced in:

Dr. Kaveh Malekian, “A novel approach to analyze the
harmonic behavior of customers at the point of common
coupling’, 9t International Conference on Compatibility and
Power Electronics, Portugal, June 2015
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HARMONIC ANALYSIS IN DOUBLY FED WIND TURBINES
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CONCLUSIONS

To ensure compliance with the Indian Grid Code, harmonic analyses
should be performed considering the measurement method of IEC
61400-21 and the evaluation method of IEEE 519

Harmonic results included in the Power Quality Certification Reports may
not reflect the real harmonic behavior of the tested wind turbine / PV
inverter

If results appear to violate the relevant limits, dedicated measurements
and additional analyses are necessary

Using the methods presented, it is possible to specify if a harmonic
current is coming from the wind/PV unit or it is due to the grid bias. It is
also possible to estimate a percentage of mixed contribution

Research on increasing the accuracy of the harmonic contribution and the
estimation of total harmonic emissions of multiple units is still on going
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THANK YOU!

Contact details:

Fritz Santjer, Subject Matter Expert of Group Electrical Characteristics
fritz.santjer@ul.com, +49 4421 4808822
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