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M This presentation is focused on two main aspects.
1. Long-term stability of inverter dominated grids

2. Short-term stability of inverter dominated grids
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B Summary of achieved milestones

A novel emergency control against long-term instability was designed and successfully tested in
systems with high shares of IBGs (considering reverse power flow, up to 200% penetration level).

Details can be found in:

Luis Pabon and Thierry Van Cutsem. “Emergency support of transmission voltages by active
distribution networks: a non-intrusive scheme”. IEEE transactions on power systems

Unlike state-of-the-art emergency controllers, it supports the transmission system while minimally
affecting or overusing the distribution network assets.

Patent pending.
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It overcomes the trade-offs of previously

proposed emergency controllers.
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Simulation results
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Simulation results
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400 V network After the
control action
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situations”. Elsevier Electric Power Systems Research Journal.
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B Summary of achieved milestones

The PLL dynamics of grid-following units can cause short-term instability in inverter-dominated
grids even in the presence of grid-forming units if the PLL bandwidth is not properly considered.

This instability has been classified as slow-interaction converter-driven instability.

An extended IBG model was implemented in order to capture the phenomenon. The model is
inspired by the WECC REGC version C.

A methodology for the estimation of the required amount of grid-forming units has been proposed.

The methodology takes into account several variables, including the most important one, i.e., the
PLL bandwidth of existing grid-following units.

“Plausibility and implications of converter-driven oscillations induced by unstable long-term
dynamics”. IEEE Transactions on Power Systems — Under review.
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In systems with considerable amounts of IBG, the system dynamics become very fast.

The PLL of traditional grid-following units faces challenges when trying to track the voltage angle of
a very fast moving system.

If the PLL cannot properly track the voltage angle, the inverter injects power out of phase leading
to poorly or even undamped oscillations.

The IEEE Power System Dynamic Performance Committee has classified this phenomenon as slow-
Interaction converter-driven instability.

It has been observed in real systems as undamped oscillations with frequencies typically in the range
from 3 Hz to 10 Hz.
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How to counteract the phenomenon?
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IEA and RTE - Conditions and Requirements for the Technical Feasibility of a Power System with a High Share of

Renewables in France Towards 2050
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Research question (N

B What is the minimum share of grid-forming units that is needed to avoid
converter-driven oscillations?
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B The frequency and damping of the Bode Diagram
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The frequency and damping of the
oscillation highly depends on the PLL
nabdwidth.

Therefore, a sensitivity on the necessary
grid-forming units was made as a function of
the PLL bandwidth.

In this case, the integral gain of the PLL is
increased to modify the bandwidth.
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Fourier Coefficient - Magnitude
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Thank you for your attention

Dr. Luis Pabon
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