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Wind Turbine – Converter Interaction
PROMOTioN WP3
Prof R. Blasco-Gimenez (Universitat Politecnica de Valencia –Spain)

11 November 2019, WindEurope Offshore 2019 PROMOTioN Side Event, Copenhagen

Black-start by off-shore wind turbines
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• Grid Forming Wind Turbines

• Black Start by Offshore Wind Turbines: Benchmarks

• Conclusions

• Next steps
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Motivation
Japan Wind Energy Association
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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

Grid Forming

Grid Supporting

HVAC Black start operation PROMOTioN WP3 ◦ WTG – Converter Interaction

J. Martinez-Turegano, S. Añó-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.

Realistic transformer + cable models + no POW, no PIR
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HVDC Black Start
Case 1: Intermediate HVAC substations
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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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Discussion

•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 steps

• 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
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Next steps
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• CHIL validation considering a large number of WTG converters

Controller interaction and fault recovery 

with a large number of converters.

Protection co-ordination for Grid Forming 

Plants during Black-Start
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