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Tutorial 6

Trendsin Harmonics below and above 2 kHz

The course will be presented at the Frankfurt / Main Congress Center (Messe Frankfurt) on
Monday, 6th June 2011 from 09.30 hrs to 15:00 including a lunch break at 12:30 hrs). The
course will be given in English;

Background

Next generation distribution networks will be characterized by the use of new technologies on
the side of consumer, on generation side and for grid operation. Active power factor correction
in power supplies, energy saving lamps, inverter-based microgenerators and charging devices
for electrical cars are just a few examples. All of them are potential sources of harmonics in
different frequency ranges including the higher ranges above 2 kHz.

Aim of thetutorial

The main intention of this tutorial isto give a short overview of new equipment and its possible
impact on other equipment and the grid. Both the “classical harmonics’ up to 2 kHz and “high-
frequency harmonics” (2 — 150 kHz) will be covered. After a short introduction the main
sources of harmonics are discussed in detail (both consumption and generation). Aspects of
harmonic propagation and different mitigation strategies are presented and problems of
measurement at higher frequencies are explained and how to deal with them. Finally the existing
situation in standardization is discussed and the needs for future standard development are
presented.

Content

[1] Introduction and basics
e Welcome and introduction of speakers
e EXxisting power-quality situation and power quality challengesin future grids
e Theory and terminology on waveform distortion



[2] Sources of harmonic distortion in the future distribution grid
e End-user equipment (e.g. energy-efficient lamps, electrical cars, ...)
e Larger industrial equipment (e.g. drive systems, ...)
e Generating installations (e.g. PV, wind, ...)
¢ Individual devices and mixed load

[3] Propagation and mitigation
e Modéelling approaches
e Limitations of existing network calculation software
e Aspects of activefilters
e Propagation of high-frequency disturbances

[4] Measurement issues
e Measurement methods (e.g. grouping; time, frequency or time-frequency
representation...)
e Limitations of conventional instrument transformers
(different voltage levels, different frequency bands)
e Measurements at higher frequencies (2 to 150 kHz)

[5] Rulesand Standards
e Existing EMC standards on harmonics
e EXisting developments
e Future needs (compatibility levels, emission limits, reference impedance, ...)

[6] Discussion

Expected benefits

Participants will gain an improved understanding of what are the:

e main new sources of harmonic distortion in the near and far future

new challenges of managing harmonic emissionsin the future

limits of state of the art practices for modeling harmonic emission and propagation

new types of disturbances above 2 kHz and the challenges introduced by this

key issues for an effective measurement of harmonics, especially at frequencies higher than
2kHz

Who should attend

This tutorial is intended for all stakeholders (network distributors, equipment manufacturers,
costumers and regulators) dealing with power quality issues in future grids, with specia
emphasis on harmonic distortion.

Support material

Copies of presented slides will be handed out.
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