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An electromagnetic transient model of a
wind-powered grid-forming energy hub for an 

offshore platform cluster
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CleanOFF Hub Concept
Several facilities ≥ 240 km from shore
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ÅElectric power:
50 to 150 MW/facility at plateau 

ÅHeat:
30 to 70 MW/ facility at plateau



An electromagnetic transient 
model of a grid-forming energy 
hub supplied by wind for an 
offshore platform cluster
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Frequency Control
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Frequency
Control

Primary Control

Batteries
4 x 25MW

Grid Forming

Proportional response to AC 
frequency variations in the HUB

Secondary Control

Fuel Cells
4 x 100 MW

PI
Controller

HUB AC Frequency

Power 
Sharing

Electrolysers
5 x 100 MW

Total Secondary Power

Secondary Power Quotas
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Secondary Frequency
Controller / Reserves

Teknologi for et bedre samfunn9

Hydrogen production

CONTROLLER

RESERVES



Primary Control
Virtual synchronous 
machines
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Quasi-stationary electric model (QSEM) 
Virtual Synchronous Machine (VSM)
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Quasi-stationary electric model (QSEM) VSM
Emulates a Voltage Behind an Impedance
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Quasi-stationary electric model (QSEM) VSM
Mechanical and Electrical Parts

Virtual Generator and Voltage Regulator
Automatic Voltage Regulator

Internal Voltage
Virtual Impedance
Current Controllers

Converter Voltage (vd and vq)

Virtual Turbine and Governor
Rotating Mass

Power-to-Frequency Droop
Rotor angle (θ)

e
θ

xv vac

Teknologi for et bedre samfunn13



Wind Farm
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Wind Farm 
Modelled as Grid Following Controller
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STATCOM
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STATCOM
Grid Following with Voltage Support

ÅProvides 
voltage and 
reactive power 
support
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SIMULATION 
RESULTS
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Short-circuit faults
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Fault at 
12MVA 

trafo



Short Circuit at P6
Currents at different points of the grid
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How the short-circuit affects the behaviourof 
the VSMs
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VSM Dynamics
During the Short Circuit at P6
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100Hz oscillations due to 
exponentially decaying DC 

components



Voltage and Reactive Power Dynamics

Å²ƛƴŘ ǾŀǊƛŀǘƛƻƴǎ Ŏŀƴ ōŜ άǎǘƻǇǇŜŘέ ŦƻǊ ƛǎƻƭŀǘƛƴƎ ǎǇŜŎƛŦƛŎ ŘȅƴŀƳƛŎǎ
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Fast Transients (Load Disconnections)
and Wind Curtailment

ÅDynamics on the hundreds of seconds, down to milliseconds
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Hydrogen Production 
Dispatching Strategies
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Final Remarks
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Final Remarks

Electromagnetic transient model of a grid-forming energy hub fed by wind power for an 
offshore platform cluster

ÅIncludes sophisticated structure for the VSM with current limiters

ÅMultiple time scales:
Fast transients occurring within milliseconds

Dynamics of VSMs and secondary reserves over longer periods

Wind farm fluctuations over time frames from minutes to hours
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Thank you!



Technology for a better society


	Slide 1: An electromagnetic transient model of a wind-powered grid-forming energy hub for an offshore platform cluster
	Slide 2
	Slide 3: CleanOFF Hub Concept Several facilities ≥ 240 km from shore
	Slide 5: An electromagnetic transient model of a grid-forming energy hub supplied by wind for an offshore platform cluster
	Slide 6
	Slide 7: Frequency Control
	Slide 8: Frequency Control
	Slide 9: Secondary Frequency Controller / Reserves
	Slide 10: Primary Control Virtual synchronous machines
	Slide 11: Quasi-stationary electric model (QSEM)  Virtual Synchronous Machine (VSM)
	Slide 12: Quasi-stationary electric model (QSEM) VSM Emulates a Voltage Behind an Impedance
	Slide 13: Quasi-stationary electric model (QSEM) VSM Mechanical and Electrical Parts
	Slide 18: Wind Farm
	Slide 19: Wind Farm  Modelled as Grid Following Controller
	Slide 20: STATCOM
	Slide 21: STATCOM Grid Following with Voltage Support
	Slide 22: SIMULATION RESULTS
	Slide 23: Short-circuit faults
	Slide 24: Short Circuit at P6 Currents at different points of the grid
	Slide 25: How the short-circuit affects the behaviour of the VSMs
	Slide 26: VSM Dynamics During the Short Circuit at P6
	Slide 27: Voltage and Reactive Power Dynamics
	Slide 28: Fast Transients (Load Disconnections) and Wind Curtailment
	Slide 29: Hydrogen Production  Dispatching Strategies
	Slide 30: Final Remarks
	Slide 31: Final Remarks
	Slide 32: Thank you!
	Slide 33

