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Wind Turbine – Converter Interaction
PROMOTioN WP3
Dr Ömer Göksu, DTU Wind Energy, Prof R. Blasco-Gimenez (Universitat Politecnica de Valencia –Spain)

28 February 2019, PROMOTioN MIGRATE Joint Workshop, Berlin

Black-start by off-shore wind turbines
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• Diode Rectifier as offshore HVDC

• Grid Forming Wind Turbines

• Offshore AC Grid Start-up

• Black Start by Offshore Wind Turbines

• Conclussions
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PROMOTioN WP3 ◦ WTG – Converter Interaction

Diode Rectifier Units as offshore HVDC

current
VSC 

solution

new DRU 
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new DRU 
solution

Source: Siemens AG



Offshore AC Grid Start-up Options
PROMOTioN WP3 ◦ WTG – Converter Interaction
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Umbilical AC Cable
Nearby VSC-HVDC (or AC)

Local Energy Storage (e.g. battery, diesel) Black-startable wind turbines



Black Start by Offshore Wind Turbines

Step 1 Step 2 Step 3

Objective: 
To avoid issues of non-
operating wind turbines; 

- Moisture

- Icing

- Vibrations

- Deformation

Objective:

To energize WPP and 
substations’ auxilary 
w/o any external 
supply

Objective:

To provide black start 
for the onshore power 
system

PROMOTioN WP3 ◦ WTG – Converter Interaction
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Step 1

Self-start of 
Wind Turbine

Step 2

Self-Energization of 
Wind Power Plant

Step 3

Contribution to Grid 
Restoration

- Wind turbines will 
start w/o grid voltage

- Wind turbines will 
supply themselves 
using wind 
(houseload operation)

WPP will operate 
similar to the 
conventional black 
start units

WPP will energize up 
to the onshore PoC



P Control

Q Control

Require powered grid

ω Control

V Control

Islanded operation 

ω Support

V Support

Require powered grid

Grid Following Grid Supporting Grid Forming

Control capability evolution
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Require powered grid Islanded operation 
SCR=0

Shared control effort

Require powered grid

High SCR Low SCR

High Inertia Low Inertia

Zero Inertia

Increasing percentage of PE based renewable energy

rblasco@upv.es



Grid Forming WPP applications

IN
C

R
E

A
S

E
D

 C
O

N
T

R
O

L F
U

N
C

T
IO

N
A

LIT
Y

• Wind Turbine self-start

• Wind Power Plant Islanded Operation

• Black/brown start (HVAC and/or HVDC)

• Improvement of system stability in large systems

with reduced or zero synchronous generation
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• Improved HVDC integration

- HVDC diode rectifier

- LCC-HVDC rectifier stations

- VSC-HVDC rectifier stations

rblasco@upv.es



Motivation

北海道

PROMOTioN WP3 ◦ WTG – Converter Interaction
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Motivation
Japan Wind Energy Association

LCC-HVDC 
requires 
strong grid
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Black start operation (HVAC) PROMOTioN WP3 ◦ WTG – Converter Interaction
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Source: energinet.dk



400 MW WPP
50 x 8 MW

460MVA
Trafo

75km 
220kV

460MVA
Trafo

Thermal
Station

Grid Forming

Grid Supporting

Black start operation (HVAC) PROMOTioN WP3 ◦ WTG – Converter Interaction
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50 x 8 MW
66kV

Trafo 220kV
cable

Trafo Station
Auxiliaries
40MW

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. 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

rblasco@upv.es



Results

HVAC cable and transformer energisation

Voltage Voltage

PROMOTioN WP3 ◦ WTG – Converter Interaction
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Current

Voltage

Current

Voltage
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Results

40MW

Block load direct connection

Active Power
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Current

Voltage

Active Power

Reactive Power
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Load Sharing Between WTGs

Aeroelastic-EMT co-simulation

Block load direct connection. Mechanical impact
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Aeroelastic-EMT co-simulation

40 MW block load

rblasco@upv.es



50 x 8MW islanded Wind Power Plant

100% Grid Forming Converters

Fault Recovery

Voltage
Voltage

200 ms

PROMOTioN WP3 ◦ WTG – Converter Interaction

HVAC connection
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20% load 80% load

Current
Current
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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 

PROMOTioN WP3 ◦ WTG – Converter Interaction
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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

17rblasco@upv.es



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

• Validation in a realistic scenario (North Jutland, replicate black start 

from Skagerrak HVDC)
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from Skagerrak HVDC)

• D3.7 : Report with the compliance evaluation results using 
simulations (late 2019)

• D3.8 : List of requirement recommendations to adapt and extent 
existing grid codes (late 2019)

18rblasco@upv.es



Next Steps

• CHIL validation (WP16 demonstrators - DNV-GL, RWTH Aachen, UPV)

• DRU connected grid forming wind power plants

• Black start for HVAC connected wind power plants

• Black start for HVDC connected wind power plants

• HVDC grid connected WPPs

PROMOTioN WP3 ◦ WTG – Converter Interaction
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