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TECHNICAL DESIGN WORKFLOW & ENERGY-APPLICATION
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iy | One-pass algorithms (OPA): Mathematical algorithms that compute statistics required by the user
%014 2016 2018 2020 2022 2024 20% 2028 2030 *Climate Digital Twin (OT) GCMs: IFS-NEMO, IFS-FESOM and ICON On the stream data (3),

Generic State Vector (GSV): A standardised representation of the climate model output, that can
be seamlessly used by data consumers downstream.

KEY-USER SPECIFIC TAILORED INFORMATION

Figure 1 Global wind power generation (onshore and offshore) for the period 2015-2023 and target for 2030 to
achieve net zero emissions by 2050 (NZE Scenario) [1]. Source: International Energy Agency (IEA) 2023; “Wind
power generation in the Net Zero Scenario, 2015-2030", License: CC BY 4.0

Visualizations in the following sections: IFS-NEMQO historical simulation
(1990-2020) at 9 km resolution.

The North Sea is one of the most
promising regions for wind energy and is
home to the world's largest offshore wind
farm, with a capacity of ~1300 MW [4].
More than 11 countries have wind farms in
the area, and one of our key users, Ocean
Winds, also operates wind farms there.,
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Figure 6 Wind speed at 100m (left) same as Figure 2 but
over North Sea (a potential wind resource zone). The
black dot shows the operational wind farm of Ocean
Winds (key-user), Capacity factor at 100m hub height

T (right) same as Figure 3 but over North Sea.
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Figure 2 Wind speed at 100m averaged over one week from 1-hourly wind  Figure 3 Capacity factor at 100m hub height for a class S Vestas V164 wind turbine,
components (100u, 100v). Data was obtained from the ClimateDT IFS-NEMO  averaged over one week and computed from 1-hourly wind components (100u, 100v). Data
historical simulation. was obtained from the ClimateDT IFS-NEMQO historical simulation.
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Figure 7 Distribution of Wind Speed (left) and Capcity Factor (right) over Moray East for class S Vestas V164 wind turbine over one week and computed from 1-hourly wind
components (100u, 100v). Manufacturer power curve (relation between wind speed and power) for Vetas V164 wind turbine with Weibull COF approximation (center),
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Figure 4 Percentage occurrence of Low Wind Events (LWE) at 100m Figure 5 Percentage occurrence of High Wind Events (HWE) at 100m accumulated over one
accumulated over one week from 1-hourly wind components (100u, 100v). week from 1-hourly wind components (100u, 100v). Data was obtained from the ClimateDT
Data was obtained from the ClimateDT IFS-NEMQO historical simulation. The IFS-NEMO historical simulation. The threshold for HWE: Wind Speed above 25m/s.
threshold for LWE: Wind Speed below 3m/s.
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2. The application is capable of transforming km-scale global climate data into regional to local actionable insights tailored to the
renewable energy sector. S unded by
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Figure 1 Global wind power generation (onshore and offshore) for the period 2015-2023 and target for 2030 to
achieve net zero emissions by 2050 (NZE Scenario) [1]. Source: International Energy Agency (IEA) 2023; “Wind
power generation in the Net Zero Scenario, 2015-2030", License: CC BY 4.0
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Figure 2 Wind speed at 100m averaged over one week from 1-hourly wind  Figure 3 Capacity factor at 100m hub height for a class S Vestas V164 wind turbine,
components (100u, 100v). Data was obtained from the ClimateDT IFS-NEMO  averaged over one week and computed from 1-hourly wind components (100u, 100v). Data
historical simulation. was obtained from the ClimateDT IFS-NEMQO historical simulation.

Figure 4 Percentage occurrence of Low Wind Events (LWE) at 100m Figure 5 Percentage occurrence of High Wind Events (HWE) at 100m accumulated over one
accumulated over one week from 1-hourly wind components (100u, 100v). week from 1-hourly wind components (100u, 100v). Data was obtained from the ClimateDT
Data was obtained from the ClimateDT IFS-NEMQO historical simulation. The IFS-NEMO historical simulation. The threshold for HWE: Wind Speed above 25m/s.

threshold for LWE: Wind Speed below 3m/s.

SUMMARY

[11 Under the Climate Digital Twin initiative, the Energy-Indicators application #8868t plays a crucial role towards the

operationalization of high-resolution climate data for climate-sensitive impact sectors.

[2] The application is capable of transforming high-resolution global climate data into regional to local actionable insights tailored

to the renewable energy sector. S Funded by
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Regional climate information Data listening mechanism: Software that automatically notifies the downstream workflow that
available globally data is available (2).
One-pass algorithms (OPA): Mathematical algorithms that compute statistics required by the user

*Climate Digital Twin (DT) GCMs: |IFS-NEMO, IFS-FESOM and ICON

Visualizations in the following sections: IFS-NEMQO historical simulation
(1990-2020) at 9 km resolution.

Frequency

on the stream data (3).
Generic State Vector (GSV): A standardised representation of the climate model output, that can
be seamlessly used by data consumers downstream.

58.5°N
57°N

55.5°N

Figure 7 same as Figure 3 but over
North Sea (a potential wind
resource zone), The black dot shows
the operational wind farm of Ocean
Winds (key-user).

Figure 6 same as Figure 2 but over .. |&
North Sea (a potential wind resource o
zone), The black dot shows the
operational wind farm of Ocean Winds
(key-user),

4.5°W 3°W 1.5°W 0° L.5%E 3°E 4.5°E

0 5 10 15 20 25 @0 ©01 02 ©03 04 05 06 07 08B 09 30
Wind Speed (m/s) Capacity Factor
North Sea: Moray East (58.26 N, 2.44 W) North Sea: Moray East (58.26 N, 2.44 W)
14 I 20.0 H
Vestas V164 9.5MW Power Curve
12 - - (Weibull CDF Fit) 17.5 A
® Observed Data e e e )
- 1 T [
Weibull (%DF Fit ’/ 15.0 -
10 A 8 {
.
s £ o 125
8 4 % 6 1 » E
Q FY § g
5 3 & 10.0
O . (]
] ] / &
6 g 4 o
& # 75
/d
4 - 2 7 —
y 5.0 -
"
0t—t y L , : : .
2 7 0 5 10 15 20 25 30 2.5
wind Speed (m/s)
0 - 0.0
I 0.0 0.2 0.4 0.6 0.8 1.0
Wind Speed (m/s) Capacity Factor

Figure 8 Distribution of Wind Speed (left) and Capcity Factor (right) over Moray East for class S Vestas V164 wind turbine over one week and computed from 1-hourly wind
components (100u, 100v). Manufacturer power curve (relation between wind speed and power) for Vetas V164 wind turbine with Weibull COF approximation (center),
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