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Motivation – Data-Centre Energy Growth

• China and the 
United States are 
predicted to 
account for nearly 
80% of the global 
growth in electricity 
consumption by 
data centres up to 
2030 *.
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Layout 
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Offshore Wind Expansion & Projects

Germany’s growing offshore wind 
fleet 

• Nordsee cluster: four farms totalling up to 
1.6 GW

• Rapid capacity growth driven by ambitious 
2030 targets

• Larger turbines and tighter spacing improve 
economics

Coastal Virginia Offshore Wind 
(CVOW)

• 2.6 GW project with 176 Siemens 
Gamesa 14–222 DD turbines

• Enough zero‑carbon energy to power 
~660,000 homes

• Construction underway – completion 
expected in 2026





CVOW Lease Areas
• Leveraging Dominion Energy’s proven 

regulated offshore wind development 
expertise 

• CVOW South
• Up to 800 MW of capacity 
• Could serve up to 200,000 homes 
• Located off Kitty Hawk, NC 

• CVOW East 
• Estimated up to 4,000 MW of capacity
• Could serve up to 1,000,000 homes
• Located directly east of CVOW



Data sources

• ERA5 meteorological reanalysis & buoy 
measurements

• Historical power production from multiple sites

• Turbine characteristics (cut‑in/rated/cut‑out 
speeds)

Deep learning forecast

• LSTM models per site predict 1h ahead 
power output

• Utilises temporal patterns and exogenous 
weather inputs

• Forms the basis for spatial yield mapping

Historical data LSTM forecast Yield mapping Layout & optimisation Tech‑econ & grid

Data & Forecasting Approach



CVOW Power Prediction – Rolling 
Window



Nordseecluster Power Prediction – Rolling Window



Additional metrics:
R² score range: 0.54 – 0.75
Normalised RMSE: 14–23 %
Models capture site‑specific dynamics 
with high accuracy.

Model Performance – 1h Ahead



CVOW Site
• Builds on success of the 
two-test turbine pilot project 

• Located just east of the pilot 
project

• 27 to 42 miles offshore in a 
lease area 

• equal to 85,000 football fields
• 176 X 14.7 MW turbines
• 2.6 GW total capacity
• Power up to 660,000 homes



General OSW Park structure



Wind Turbine Arrangements

Standard Grid                                         Hex 
Grid

• Why hexagon layout?
• +15.5 % more turbines 
per area

• Shorter cables → lower 
cost & losses

• More routing options for 
feeders



Wind Flow Visualization – SW to 
S



Wind Flow Visualization – NW to N



AEP improvements using a HEX 
structure



Alternating hub heights for increased 
AEP

Hexagonal layout advantages

• Reduces wake losses by staggering turbines

• Increases Annual Energy Production (AEP) by ∼3 %

• Compact footprint enables more turbines per site

Alternating hub heights

• Taller towers catch higher wind speeds and 
improve yield

• Alternating heights minimise mutual wake effects

• Combined with hex layout adds +1–2 % AEP

[3]

https://topfarm.pages.windenergy.dtu.dk/TopFarm2/notebooks/hub_height_optimization.html




Unused Wind Turbine Potential for CVOW



Wind Speed Distributions – 
Nordseecluster



Hybrid Offshore Energy & Complementarity
Why combine wind, wave & solar?

• Wind provides the largest resource but is highly variable

• Solar peaks in summer and complements winter wind

• Wave energy offers continuous power during wind/solar 
lulls

[4] [5]

https://tethys-engineering.pnnl.gov/publications/complementarity-offshore-energy-resources-spanish-coasts-wind-wave-photovoltaic-energy
https://www.offshorewind.biz/2022/07/19/rwe-to-test-floating-solar-tech-on-dutch-offshore-wind-farm/#:~:text=The%20integration%20of%20offshore%20floating,renewable%20energy%20plant%2C%20RWE%20said


[6] [7] [8]

https://tethys-engineering.pnnl.gov/publications/complementarity-offshore-energy-resources-spanish-coasts-wind-wave-photovoltaic-energy
https://www.offshorewind.biz/2022/07/19/rwe-to-test-floating-solar-tech-on-dutch-offshore-wind-farm/#:~:text=The%20integration%20of%20offshore%20floating,renewable%20energy%20plant%2C%20RWE%20said
https://tethys-engineering.pnnl.gov/publications/complementarity-offshore-energy-resources-spanish-coasts-wind-wave-photovoltaic-energy


Wave Energy Converters & Costs

Wave energy converters (WECs) exist 
but remain costly

• Devices like point absorbers, attenuators and oscillating 
water columns capture wave motion

• High capital and maintenance costs keep LCOE well 
above wind and solar

Technology Typical 
LCOE 
($/MWh)

Offshore Wind ≈ 90

Solar PV ≈ 55

Wave (WEC) ≈ 300
[9] [10] [11]

https://www.windtech-international.com/view-from-inside/kick-starting-offshore-wind-in-india#:~:text=However%2C%20developments%20have%20been%20few,currently%2C%20which%20has%20stalled%20the
https://www.ees-europe.com/news/interview-kost-falling-levelized-cost-of-electricity#:~:text=from%20today%E2%80%99s%20because%20a%20decade,the%20changes%20in%20energy%20policy
https://op.europa.eu/webpub/mare/eu-blue-economy-report-2025/blue-economic-sectors/marine-renewable-energy.html#:~:text=%282019%29,projects%20progress%20toward%20the%20market


Takeaways
Key findings

• Forecast models deliver accurate 
short‑term predictions for wind & wave 
power

• Hex layouts and alternating tower 
heights yield 3–5 % AEP gains

• Hybrid platforms (wind–wave–solar) 
minimise variability and maximise 
output

Outlook

• Extend forecasts to longer horizons 
& incorporate WEC performance

• Conduct techno‑economic and 
grid‑integration assessments for 
hybrid wind–wave–solar farms

• Study storage solutions, 
environmental impacts & optimised 
siting for multi‑use platforms



Thank you for 
your attention.
Questions, remarks?
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Changes in Wind Park Designs


