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Storm Eunice in February 2022

“To curtail or not to curtail—that is the 

question”

Eliminate the risk of massive power 

fluctuation from the automatic shutdown 

operation

Wind energy curtailment

Scheduled shutdown → Curtailment

Could be too conservative
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Massive offshore wind farm capacity planned in 
the North Sea

What to do in 2050?



Keep the grid balanced under threat of 
large-scale offshore wind farm 
shutdown during a severe storm
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Wind forecast

These upper and lower 

bounds are quite reliable
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Our approach
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Setup

We select 5 coordinates in the North 

Sea as the locations of the offshore 

wind farms

Obtain wind speed and wind power 

output forecasts using CorRES

16 Feb 2022 18:00

to 

17 Feb 2022 17:45

Storm Eunice

EVENT
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Constructing the uncertainty sets

Define a shutdown threshold 

wind speed

When the wind speed forecast is higher 

than the selected shutdown threshold, 

set the lower bound of the wind power 

output to 0*

*assuming the whole wind farm is shutdown 

automatically
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Test case
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Formulation

min
𝒙𝟏∈𝑭𝟏

max
𝒑𝒐𝒘

𝝃
min
𝒙𝟐∈𝑭𝟐



𝑡∈𝒯



𝑔∈𝒢

𝐶𝑔
𝑜𝑛𝑢𝑔,𝑡

𝑜𝑛 + 𝐶𝑔
𝑠𝑢𝑢𝑔,𝑡

𝑠𝑢 + 𝐶𝑔
𝑠𝑑𝑢𝑔,𝑡

𝑠𝑑 + 𝐶𝑔
𝑓

𝑝𝑔,𝑡 + 

𝑜𝑤∈𝑂𝑊

𝐶𝑜𝑤
𝑐𝑢𝑟𝑡𝑝𝑜𝑤,𝑡

𝑐𝑢𝑟𝑡 

𝑡∈𝒯



𝑔∈𝒢

𝐶𝑔
Δ↑𝑝𝑔,𝑡

Δ↑ + 𝐶𝑔
Δ↓𝑝𝑔,𝑡

Δ↓ + 

𝑜𝑤∈𝑂𝑊

𝐶𝑜𝑤
Δ↓ 𝑝𝑜𝑤,𝑡

𝑐𝑢𝑟𝑡,𝜉

Total day-ahead unit commitment and dispatch costs
Total redispatch costs under the worst-

case realization

𝐹1 = {𝑥1 ∈ ℤ × ℝ: 
• Unit commitment constraints

• AC/DC grid power flow constraints }

𝐹2(𝑥1, 𝜉) = {𝑥2 ∈ ℝ: 
• Redispatch constraints

• AC/DC grid power flow constraints }

Solve using a column-and-

constraint generation (CCG) 

algorithm
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Case study – Results

Total day-ahead wind 

energy dispatch (relative 

to the base case)

68,029 MWh

(+15%)

Base case

ARO approach Consider uncertainty intervals in the presence of storm

Schedule manual shutdown during the storm
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Case study – Results

ARO

Base case

Both cases

On status

CC = CCGT

OC = OCGT

NU = Nuclear

HY = Hydro

Total day-ahead UC and 

dispatch costs (relative 

to the base case)

2,399,320 €

(+3%)

Base case

ARO approach Consider uncertainty intervals in the presence of storm

Schedule manual shutdown during the storm
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Conclusion

• Detailed model of the offshore HVDC grid
• AC formulation to capture the DC voltage stability

• Refining the weather storm data to wind turbine level

Further work

Can we deal offshore wind farm shut down risk during a 

severe storm?
Yes

What are the 

consequences?

More OWF 

dispatch

Secure operation

under uncertainty



Thank you

oscar.damanik@kuleuven.be

Let’s get in 
touch!
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