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Declarations setting ambitious political ambitions
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Ambitions consistent with published data
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From Ruiz Castello et al (2019), 

– Calculate area available for wind installation

• Installation capacity density 5 MW/km**2

• Capacity factors from Global Wind Atlas (v1)

For the case of the Esbjerg Declaration countries, 

...and inferring from Ruiz Castello et al (2019)

– Capacity range  

• DK 27-226 GW 0-112-970 TWh ##%-47%-49% CF

• DE 28-106 GW 4-107-404 TWh 46%-44%-43% CF

• NL 48-97 GW 0-196-397 TWh ##%-47%-47% CF

• BE 2-2 GW 0-8-8 TWh ##%-46%-46% CF

• Total 105-431GW 4-423-1779 TWh

Ruiz Castello, P., Nijs, W., Tarvydas, D., Sgobbi, A., Zucker, A., Pilli, R., Jonsson, K., Camia, A., Thiel, C., Hoyer-Klick, C., Dalla Longa, F., Kober, T., Badger, J., 

Volker, P., Elbersen, B., Brosowski, A. and ThrÃ¤n, D., ENSPRESO - an open, EU-28 wide, transparent and coherent database of wind, solar and biomass energy

potentials, ENERGY STRATEGY REVIEWS, 2019, ISSN 2211-467X, 26, p. 100379, JRC112858.
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How might this look?
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This scale of wind energy 

deployment is completely new.

No or limited experience of such 

development in the real world.  

We need, and have models to 

guide us. 
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Volker, P, Hahmann, AN, Badger, J & Ejsing Jørgensen, H 2017, 'Prospects for generating electricity by large onshore and offshore wind farms: Letter', Environmental 

Research Letters, vol. 12, no. 3, 034022 . https://doi.org/10.1088/1748-9326/aa5d86

Farm efficiency… using WRF wind farm parameterization



DTU Wind 7

https://www.agora-
energiewende.de/en/publications/
making-the-most-of-offshore-wind/

Agora (2020): 

Technical University of Denmark and Max-Planck Institute (2020): Making the Most of 

Offshore Wind: Re-Evaluating the Potential of Offshore Wind in the German North Sea. 

Study commissioned by Agora Energiewende and Agora Verkehrswende.

https://www.agora-energiewende.de/en/publications/making-the-most-of-offshore-wind/
https://www.agora-energiewende.de/en/publications/making-the-most-of-offshore-wind/
https://www.agora-energiewende.de/en/publications/making-the-most-of-offshore-wind/
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https://www.agora-
energiewende.de/en/publications/
making-the-most-of-offshore-wind/

Agora (2020): 

Technical University of Denmark and Max-Planck Institute (2020): Making the Most of 

Offshore Wind: Re-Evaluating the Potential of Offshore Wind in the German North Sea. 

Study commissioned by Agora Energiewende and Agora Verkehrswende.

12 MW turbine

Hub height 140 m 

Rotor Diameter 200 m

20 colour coded wind farms

Total area is 7249 km2

5, 7.5, 10, 12.5, 20 MW/ km2

14 - 144 GW

https://www.agora-energiewende.de/en/publications/making-the-most-of-offshore-wind/
https://www.agora-energiewende.de/en/publications/making-the-most-of-offshore-wind/
https://www.agora-energiewende.de/en/publications/making-the-most-of-offshore-wind/
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• Efficiency drops for higher installed 
capacity densities (1)

• Efficiency also depends on wind farm 
location and climate. (2)

• Efficiency depends on farm size and 
proximity of large expanse of 
neighbouring wind farms (3)

Agora (2020)

2

2

3 1

WRF results
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van der Laan, M.P., García-Santiago, O., Sørensen, N.N., Troldborg, N., Risco, J.C. and Badger, J., 2023, May. Simulating 

wake losses of the Danish Energy Island wind farm cluster. In Journal of Physics: Conference Series (Vol. 2505, No. 1, p. 

012015). IOP Publishing.

Inferring results from Volker et al 

(2017) and Agora (2020) suggest 

Energy Island losses between 10 –

20 %. 

Dedicated Mesoscale simulations in  

van der Laan (2023) predict a wake 

loss between 9.3 - 10.1%.

Total area and capacity density:

6.4 * 103 km2

1.6 MW / km2

Apply to the 10 GW North Sea Energy Island
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Research on wind farm modelling wakes
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One object is to reduce grid choice 

dependency when using wind farm 

parameterizations

• using microscale models to provide thrust 

• using anti-aliasing methods 

Race Bank (UK)

Turbine 91 *  6 MW

Total Capacity 546 MW

Area 75 km2

Capacity density 7.3 MW / km2

Efficiency 0.73 0.76

Normalized Wake Area Size 5.1 3.1

dx = 1 km 3 km

See poster 4 for more details
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Scaling-up within capacity 

density limits 

Bottom-fixed

capacity
Floating capacity

Bottom-fixed

annual yield

Floating annual

yield

GW GW GWh/year GWh/year

Mediterranean 3 - 5740 -

Gulf of Suez 1 4 4910 15500

Red Sea 1.5 42 5440 144000

Total 5.5 46 16000 160000
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Use Volker et al (2017) to guide capacity density as function of 

area available. 

i.e. to keep large scale wind farm wake losses small (5 – 10 %) 

limit aggregated installed capacity density to 

– 2 MW/km2 in Gulf of Suez

– 2 MW/km2 for bottom-fixed in Red Sea

– 1 MW/km2 for floating in Red Sea

A guiding estimate of capacity and production is 

51.5 GW generating 176 TWh per year: 

Badger, J., Hansen, B.O., Mitsakou, A., Blagojevic, S.S., Hansen, T. 

and Clausen, N.E., 2022. Case Study-based Prefeasibility 

Assessment of Offshore Wind Resources in Egypt.

https://orbit.dtu.dk/en/publications/case-study-based-prefeasibility-

assessment-of-offshore-wind-resou

https://orbit.dtu.dk/en/publications/case-study-based-prefeasibility-assessment-of-offshore-wind-resou
https://orbit.dtu.dk/en/publications/case-study-based-prefeasibility-assessment-of-offshore-wind-resou
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Calculated wind farm power curves including farm efficiency

Useful for power time series studies… 

Mesoscale wake (WRF ideal)

• Wind farm power curve derived for various sizes:

– 4 x 4 (small) 0.24 GW

– 8 x 8 (medium) 0.96 GW

– 20 x 20 (large) 6 GW

– 40 x 40 (x-large) 24 GW
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Oscar Garcia (2023)

Hahmann, A.N., De Linaje, N.G.A. and Mitsakou, A., 2023. Assessing the wind energy technical potential of the 

North Sea—Final Project Report.

https://backend.orbit.dtu.dk/ws/portalfiles/portal/322712205/TennetProjectReport2023_final.pdf

https://backend.orbit.dtu.dk/ws/portalfiles/portal/322712205/TennetProjectReport2023_final.pdf
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Other studies

Maas and Raasch (2022): 

LES study using, 

Parallelized Large-eddy Simulation Model (PALM)

Turbine: 15 MW,  D=240 m, z_h = 150 m

10.4 W/m*2 (efficiency down to 0.41)

• X-wakes project

– Recent workshop 26/6/2023

– Flight data, Lidar data, SAR scenes, flow modelling at 
different scales

14

Maas, O. and Raasch, S., 2022. Wake properties and power output of very large wind farms for different meteorological conditions and turbine spacings: A large-eddy 

simulation case study for the German Bight. Wind Energy Science, 7(2), pp.715-739. 

X-wakes project webpage: https://www.iwes.fraunhofer.de/en/research-projects/current-projects/x-wakes-.html

https://www.iwes.fraunhofer.de/en/research-projects/current-projects/x-wakes-.html
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Research on wind farm: broader environmental impacts

• Wind-Wake-Wave modelling 

• waves affect the momentum 

transport into the ocean and 

thus mixing in the ocean.

– mixing has important 

consequences for the 

ecosystem

15

Fischereit, J., Larsen, X.G. and Hahmann, A.N., 2022. Climatic Impacts of Wind-Wave-Wake 

Interactions in Offshore Wind Farms. Frontiers in Energy Research, 10, p.881459.

30-year worth wind and wave statistics 
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Conclusions

My unofficial production estimate for 150 GW in North Sea is 

507 – 570 TWh

• Capacity goals are ambitions and grounded in data

• Estimating yield for these installed capacities must consider wind 

farm wake impacts

– different approaches have been presented 

• Uncertainty estimation is needed

– Validation is a challenge given the scale of installations does not 

yet exist

• Modelling approaches show promise

– Broader impacts on environment can also to be assessed  

16
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Thank you for your attention

Contact: jaba@dtu.dk
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