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Introduction

» Renewable generation with Inverter-Based Resources (IBR)
grown in rated power in recent years. Mainly driven by
offshore wind power plants, onshore wind, solar photovoltaic
generation.

» VSC-HVDC most common solution for long-distance
transmission from renewable generation plants to the AC
grid.

» Modelling of HYDC and renewable grids crucial for accurate
assessment of interactions.

» Example studies in HVDC project:
» Load Flow and Short Circuit
= Harmonics
Transient Stability

. = High Frequency Interference
= |nsulation Coordination
» Dynamic Performance
= Losses
= RAM
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Offshore HVDC transmission expansion
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Example of HVYDC System Studies at GE
MODELLING

[ RMS ] [Frequencydomain] [ EMT ]

4 INTERACTION STUDIES B

Harmonics Tr a.l.n sient Short Circuit Load Flow
Stability
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Example of HVYDC System Studies at GE
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Harmonic studies for large offshore networks

Harmonic load flow:
= |[EC 61000 / Phase correct

= Multiple operating scenarios (~ 500)

= Relative phase angles of multiple sources: fixed for characteristic harmonics, random for non-
characteristic harmonics

= Correct representation of phase angles leads to more realistic results

= Number of cases can go up to 200(angles)x100 (IBRs)x900(configurations) = 18M. Distortions
monitored at all nodes of the network
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IBR harmonic modelling approaches

The accuracy of the modelling of the VSC converters in the AC network and their control system can have a
significant impact on the harmonic performance estimation, and, consequently, on the harmonic design and
planning of the HVDC station.
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Impact of IBR model on harmonic performance

Network and HVDC impedance Harmonic Performance
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Control interactions

These studies capture potential
control interactions between the
HVDC and the AC grid.

Simplified RMS model of the HVDC

with detailed model of the grid, for
validation of dynamic response.
Need for generic models, accurate
enough for planning stage studies
ahead of design finalization.
Transient Stability, FFTOV,
Interaction studies, Power
Oscillation Damping.

Transient Studies in the RMS domain

Offshore HVDC converter measurements
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Impact of grid modelling on HVDC design

» Inaccurate modelling of the renewable network can lead to incorrect prediction of the
interactions with the HVDC.

» Risk of :
= Incorrect tuning of HVDC controls;

= Qver-sizing of HVDC valve;
= Provision/Installation of passive filters, even where they are not required;

= Re-work in design and studies, which requires additional engineering time and effort.

» Vital synergy between vendors of renewable grid components and HVDC vendors to
exchange provide models/data, or to be fully clear on assumptions and risks.

» Generic models can be the way forward, as long as representative.

» Crucial for optimized design.

» These data are not always available at the start of a project.
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Multi-terminal / Multi-vendor HVDC systems
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Future developments

» High-frequency characterization of circuit components and control interactions
>

>
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Conclusions
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