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 Grid Forming Wind Turbines

 Black Start by Offshore Wind Turbines: Benchmarks
 Conclusions

* Next steps
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PROMOTioN WP3 - WTG — Converter Interaction

Control capability evolution

Grid Following Grid Supporting
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Motivation PROMOTioN WP3 - WTG - Converter Interaction

Japan Wind Energy Association

Huge earthquake damaged 3 coal fired power plants (Tomatou-azuma power plant, 165MW in total)
at about 3am on 6 Sep..

They produced about half of Hokkaido's power demand at that time.

Sudden loss of huge power supply caused frequency decrease, then remaining power plants
(including wind farms) stopped one after another.

Hokkaido island has gone “black out”. 303 wind turbines of 358MW at 61 sites were forced to shut
down.

It needed about 40 hours to re-start whole island-wide grid system.

100MW of wind turbines & battery systems restarted 52 hours later from shut down.

The rest of wind turbines restarted 126 - 130 hours later.

Some delay was needed to secure the grid stability.
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HVAC Black start operation
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GOAL: Evaluate how much grid forming power is required. Interaction between grid
forming and grid following WTGs

Issues:

- Long HVAC cable and transformer energisation
- Response to load transients (electrical, mechanical)
- Fault response and recovery with and without grid supporting WTGs

J. Martinez-Turegano, S. Ai6-Villalba, S. Bernal-Pérez, R. S. Pena, and R. Blasco-Gimenez, “Mixed Grid-Forming and Grid-Following Wind
Power Plants for Black Start Operation,” presented at the 17th Wind Integration Workshop, Stockholm, 2018.

B =

© PROMOTIioN — Progress on Meshed HVDC Offshore Transmission Networks
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 691714, 6



HVDC Black Start PROMOTioN WP3 - WTG — Converter Interaction
Case 1: Intermediate HVAC substations
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PROMOTioN WP3 - WTG — Converter Interaction

HVDC Black Start
Case 2: No Intermediate HVAC substations
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WPP restoration PROMOTioN WP3 - WTG - Converter Interaction
Duplicate North Jutland Restoration by Skagerrak 4
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DlSCUSSlon PROMOTioN WP3 - WTG - Converter Interaction

Grid Forming Wind Power Plants allow for additional applications

and functionality.
Improved HVDC Integration (DRU, MMC-HVDC)
Islanded operation
Black start / service restoration operation
Different technical solutions are available and not all functionality
requires grid forming capability
Adequate control coordination can help to reduce the amount of

grid forming power required for a particular application

Fault recovery is very important with a large number of grid forming
WTGs/WPPs, particularly if both grid forming and grid following
WTGs/WPPs are considered
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NeXt Ste pS PROMOTioN WP3 - WTG - Converter Interaction
Requirements for HVAC/HVDC black/brown start operation

Specification of benchmark scenarios and test cases
Specification of controller validation by simulation

Validation of controllers
* D3.7 : Report with the compliance evaluation results using
simulations (early 2020)

* D3.8 : List of requirement recommendations to adapt and extent
existing grid codes




NeXt Ste pS PROMOTioN WP3 - WTG - Converter Interaction

CHIL validation considering a large number of WTG converters

WTG + WPP Electric and Aeroelastic Model “Digital Twin” REALTIME SIMULATION
Controller interaction and fault recovery , =
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