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Background and motivation
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Generic architecture of the clusters of offshore wind farms
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Main distinctive features:

* Connection of several (1-3)
offshore wind farms (OWF) to a
converter platform via AC
(alternating current)

 Transmission of the energy to the
land via HVDC (high-voltage
direct current)

* Bundling of several HVDC
transmission systems onshore
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Threats and their quantitative characterization
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Disturbance catalogue
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Disturbance catalogue (continued)
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Simulation example - Results & Discussion

* Single cluster of 3
OWFs

* Transient open-circuit
(for 0.1 s) at the
HVDC cable

* Total power loss at
the grid connection
point within 0.2 s of
the disturbance start
— criticality fulfilled
(impact within less
than 30 s)

e Peak after that -
extreme deviations of
currents/voltages

Generic simulation model (EMT) with Simscape of a cluster with 3 identical
OWFs and an open-circuit implemented at the positive pole of the HVDC line.
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Conclusions & Outlook

Identified potentially dangerous scenarios for the
German/European power grid:

* the FCRlimit of 3 GW can be reached and exceeded through a
single event

* acombination of 2 events is enough to surpass the FCR limit
almost twice

Future work:

e Further numerical simulations of the scenarios

* Quantitative resilience evaluation through the simulation
results



Thank you for your attention!

For further information:
Dr.-Ing. Nikolai Kuley,
Institute for the Protection of Maritime Infrastructures,

Department for Resilience of Maritime Socio-Technical
Systems,

Nikolai.Kulev@dlr.de , www.dlr.de/mi
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