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Correlations in renewable energy sources (CorRES)

ÅA time series simulation tool for 

variable renewable energy (VRE)
ÅDeveloped at DTU Wind

ÅAccessible via the CorRES web service: 

https://corres.windenergy.dtu.dk

ÅCode openly available: 

https://gitlab.windenergy.dtu.dk/corres/corres

https://corres.windenergy.dtu.dk/



Wind speeds in CorRES

Utilizing high-resolution resource wind data



High-resolution wind resource data:
Scaling ERA5 with Global Wind Atlas v2 (GWA2)

J. P. Murcia, et al., ñValidation of European-scale simulated wind speed and wind generation time seriesò, Applied Energy, 2022 (https://doi.org/10.1016/j.apenergy.2021.117794)

Map from Wikipedia: https://en.wikipedia.org/wiki/Geography_of_Europe 

https://doi.org/10.1016/j.apenergy.2021.117794
https://en.wikipedia.org/wiki/Geography_of_Europe


Footer6Date High-resolution wind resource data:
Scaling ERA5 with Global Wind Atlas v2 (GWA2)



Impact of using high-resolution wind resource data

ÅSometimes small impact

ÅEspecially in simple terrain

Poland onshore
CF = capacity factor (annual)

EMD measures how well the 
generation distribution is 
captured (smaller is better)



Footer8Date

ÅGWA2 improves validation for most countries

ÅEspecially in more complex terrain

Sweden onshore
CF = capacity factor (annual)

EMD measures how well the 
generation distribution is 
captured (smaller is better)

Impact of using high-resolution wind resource data
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Italy onshore
CF = capacity factor (annual)

EMD measures how well the 
generation distribution is 
captured (smaller is better)

ÅGWA2 improves validation for most countries

ÅEspecially for some Southern European countries 

using raw ERA5 wind speeds yields unrealistically 

low CFs

Impact of using high-resolution wind resource data
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ÅPan-European validation of 10+ countries shows a clear benefit of GWA2 scaling 1

ÅEspecially for onshore wind

ÅGWA3 showed poorer performance than GWA2

1S. Nayak, et al., ñValidation of European Wind Generation Time Series Simulation: Importance of Wakes, Micro-Scale Adjustments and Stochastic Simulationsò, 2025, pre-print, available at: https://dx.doi.org/10.2139/ssrn.5274908 

Impact of using high-resolution wind resource data

https://dx.doi.org/10.2139/ssrn.5274908


Power curves in CorRES

Getting to plant-level power curves



Generic power curve model

ÅGeneric power curve model 1

ÅLarge-scale modelling with 
limited information about wind 
installations

ÅImproved turbulence intensity 
(TI) modelling

ÅA power curve is estimated for 
each wind power plant

ÅIncluding wake losses

ÅWe run around 10k wind 
power plants in a pan-
European run

1E. Simutis, et al., ñEnhancing Wind Farm Generation Modeling with Turbulence Intensity and Time-Varying Air Density for Large-Scale Energy System Studiesò, Wind & Solar Integration Workshop 2024 (https://orbit .dtu.dk/en/publications/enhancing-wind-farm-
generation-modeling-with-turbulence-intensity)

https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity
https://orbit.dtu.dk/en/publications/enhancing-wind-farm-generation-modeling-with-turbulence-intensity


Footer13Date

E. Simutis, et al., ñEnhancing Wind Farm Generation Modeling with Turbulence Intensity and Time-Varying Air Density for Large-Scale Energy System Studiesò, Wind & Solar Integration Workshop 2024 (https://orbit .dtu.dk/en/publications/enhancing-wind-farm-
generation-modeling-with-turbulence-intensity)

Example variation in turbine -level power curve

Generic power curve model
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E. Simutis, et al., ñEnhancing Wind Farm Generation Modeling with Turbulence Intensity and Time-Varying Air Density for Large-Scale Energy System Studiesò, Wind & Solar Integration Workshop 2024 (https://orbit .dtu.dk/en/publications/enhancing-wind-farm-
generation-modeling-with-turbulence-intensity)

Example variation in wake losses

Generic power curve model
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The impact of turbulence intensity (TI)

Generic power curve model

S. Nayak, et al., ñValidation of European Wind Generation Time Series Simulation: Importance of Wakes, Micro-Scale Adjustments and Stochastic Simulationsò, 2025, pre-print, available at: https://dx.doi.org/10.2139/ssrn.5274908 

Nwt = number of wind 
turbines

TI of 0.1 (10 %) is our generic 
onshore wind assumption

TI of 0.05 (5 %) is our generic 
offshore wind assumption

https://dx.doi.org/10.2139/ssrn.5274908
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Dynamic unavailability modelling

S. Nayak, et al., ñValidation of European Wind Generation Time Series Simulation: Importance of Wakes, Micro-Scale Adjustments and Stochastic Simulationsò, 2025, pre-print, available at: https://dx.doi.org/10.2139/ssrn.5274908 

ÅStochastic simulation of the 

failure of turbines within a 

plant

ÅTwo input parameters

ÅMean time to failure (MTTF)

ÅMean time to repair (MTTR)

ÅMore realistic unavailability 

time series

ÅAt least compared to a static 

constant

https://dx.doi.org/10.2139/ssrn.5274908
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Belgium offshore
CF = capacity factor

EMD measures how well the 
generation distribution is 
captured (smaller is better)

ÅWake loss modelling is important

ÅEspecially for offshore wind

ÅMore detailed wake loss modelling outperforms simpler models

Å Dynamic unavailability improves representation of high generation 

values

S. Nayak, et al., ñValidation of European wind generation time series simulation: Importance of wakes, micro-scale adjustments and stochastic simulationsò, Applied Energy, 2025 (https://doi.org/10.1016/j.apenergy.2025.126882).

Impact of wakes and dynamic unavailability

Measured     No wakes & static 10% unavailability      Detailed wakes and dynamic unavailability

https://doi.org/10.1016/j.apenergy.2025.126882
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Denmark offshore
CF = capacity factor

EMD measures how well the 
generation distribution is 
captured (smaller is better)

Impact of wakes and dynamic unavailability

Measured     No wakes & static 10% unavailability      Detailed wakes and dynamic unavailability

ÅWake loss modelling is important

ÅEspecially for offshore wind

ÅMore detailed wake loss modelling outperforms simpler models

Å Dynamic unavailability improves representation of high generation 

values

S. Nayak, et al., ñValidation of European wind generation time series simulation: Importance of wakes, micro-scale adjustments and stochastic simulationsò, Applied Energy, 2025 (https://doi.org/10.1016/j.apenergy.2025.126882).

https://doi.org/10.1016/j.apenergy.2025.126882


Use of stochastic simulation

Sub-hourly resolution and forecast errors



Simulation of VRE forecast errors:
The two important parts

Å VRE generation at time t:

 yt = yt,forec + et

Å The error is thus:

 et = yt - yt,forec 

Å Both available power (yt) and the 

forecast (yt,forec) need to be 

simulated in detail

Å For any forecast horizon of 

interest



ÅThe reanalysis wind speeds do not 

include all high frequency information

ÅDue to smoothening in the models 

ÅThe resulting power time series do 

not model ramp rates accurately

ÅStochastic simulation is used to add the 

missing variability to reanalysis data in 

CorRES

ÅSub-hourly simulation resolution

ÅCurrently available for wind

ÅIn development for solar

M. Koivisto et al., ñCombination of meteorological reanalysis data and stochastic simulation for modelling wind generation variabilityò, Renewable Energy, 2020 (https://doi.org/10.1016/j.renene.2020.06.033).

Sub-hourly simulation in CorRES

https://doi.org/10.1016/j.renene.2020.06.033


yt = yt,MET + yt,flucts

Åyt,MET is meteorological model wind 

speed (e.g., WRF or ERA5) at time t

Åyt,flucts is from the stochastic 

simulation

ÅE(yt,flucts) = 0, so the stochastic 

simulation does not impact long 

term wind speed distributions

ÅAlso spatial dependencies between 

locations are considered

M. Koivisto et al., ñCombination of meteorological reanalysis data and stochastic simulation for modelling wind generation variabilityò, Renewable Energy, 2020 (https://doi.org/10.1016/j.renene.2020.06.033).

Sub-hourly simulation in CorRES

The blue line includes the stochastic 

fluctuations. The f0 parameter controls that 

low frequency variability is not added

https://doi.org/10.1016/j.renene.2020.06.033


Å Up to 5 min resolution (in some cases even higher)

Å Simultaneous running of a few hundred plants (usually applied for offshore)

10 min wind speed ramps in measured data (magenta) and in different stages of the CorRES simulation procedure: 

interpolated from hourly weather data (green) to the final result with stochastic simulation included (red)

J. P. Murcia Leon et al., ñPower Fluctuations In High Installation Density Offshore Wind Fleetsò, Wind Energy Science, 2021 (https://doi.org/10.5194/wes-2020-95).

Sub-hourly simulation in CorRES

https://doi.org/10.5194/wes-2020-95
https://doi.org/10.5194/wes-2020-95
https://doi.org/10.5194/wes-2020-95
https://doi.org/10.5194/wes-2020-95
https://doi.org/10.5194/wes-2020-95


Å Via a separate multivariate time -series simulation model

Å Available for wind generation

Å In development for Solar PV 

Forecast simulation in CorRES

We can simulate any forecast 

horizon (day-ahead, hour-head, etc.)



Å After simulating the available power and forecast, we can calculate the 

error: et = yt - yt,forec 

ï For any forecast horizon (yt,forec changes)

Forecast errors

DTU Wind Energy, ñReport for Elia: MOG II System Integration: Public versionò, 2020 (https://orbit .dtu.dk/en/publications/elia-mog-ii-system-integration-public-version).

Day-ahead forecast errors Latest (few hours ahead) forecast errors
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Climate change impacts

Considering climate projections towards 2050



IPCC report in 2022
27
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IPCC report in 2022



29

IPCC report in 2022
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Climate projections included in PECD version 4

ÅThe European Network of 

Transmission System 

Operators for Electricity 

(ENTSO-E) uses the Pan-

European Climate 

Database (PECD)

ÅIn PECD version 4, 

climate projections 

towards 2100 are 

included

ÅOn top of multi-decade 

reanalysis-based data

The PECD data are openly available at the ECMWFôs Climate Data Store: 

https://doi.org/10.24381/cds.f323c5ec

https://doi.org/10.24381/cds.f323c5ec
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The climate projection wind speeds 

need scaling (bias correction)

Å Just as with reanalysis data

Å We do it with GWA2

Wind speeds in climate models

G. Luzia, et al., ñValidating EURO-CORDEX climate simulations for modelling European wind power generationò, Renewable Energy, 2023 (https://doi.org/10.1016/j.renene.2023.118989)

Map from Wikipedia: https://en.wikipedia.org/wiki/Geography_of_Europe 

https://doi.org/10.1016/j.renene.2023.118989
https://en.wikipedia.org/wiki/Geography_of_Europe


How important is considering climate change impacts?

Onshore wind capacity factors for the future technology with hub height of 100 m and specific 

power of 277 W/m2, for the current period and for years around 2050 for two example climate 

models (SSP 585 scenario)

Results are based on the PECD 4.2 data

Mean CF reduction over the 

onshore regions from present 
time (2015-2030 mean) to 2050 

(2040-2060 mean) for SSP 585 

(the scenario with the most 
warming)

Å 0.0 % for MEHR
Å -2.7 % for ECE3

Å -1.9 % for MRM2

Å -1.7 % for AWCM
Å -1.6 % for BCCS

Å -1.4 % for CMR5



Solar PV in CorRES

Based on PVLib
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Credit: Jeffrey R. S. Brownson

PVLib: https://pvlib-python.readthedocs.io/en/latest/ 

Å PVLib used

ï Different tilt angles

ï Varying orientations

ï Panel & converter 

selection

Å Overplanting can be modelled

Å Irradiances from ERA5 (or climate 

projections)

Å Different methods for splitting to 

DNI & DHI when needed

Solar PV conversion to power generation

https://pvlib-python.readthedocs.io/en/latest/
https://pvlib-python.readthedocs.io/en/latest/
https://pvlib-python.readthedocs.io/en/latest/


CorRES in energy system planning and 

flexibility analyses 

Work for ENTSO-E, transmission system operators (TSOs) and more



Å Pan-European Climate Database (PECD) 

is used for example in:

ï Ten-year network development 

plan (TYNDP)

Åhttps://tyndp.entsoe.eu 

ï European Resource 

Adequacy Assessment (ERAA)

Åhttps://www.entsoe.eu/eraa/ 

Å Openly available

ï https://doi.org/10.24381/cds.f323c5ec

ï DTU Wind produced the wind and 

some of the solar data

Pan-European Climate Database (PECD) for ENTSO-E

https://tyndp.entsoe.eu/
https://tyndp.entsoe.eu/
https://www.entsoe.eu/eraa/
https://www.entsoe.eu/eraa/
https://doi.org/10.24381/cds.f323c5ec
https://doi.org/10.24381/cds.f323c5ec


Pan-European Climate Database (PECD) for ENTSO-E

Run type 

ERA5 

simulated 

years

Climate 

projection 

simulated 

years 

Wind power plant 

(WPP) locations 
WPP technology 

Existing 1950-mid 2025 2015-2100
All years with 2020 WPP 

locations

Existing WPPs (2020 fleet), 

individual power curve and hub 

height for each WPP

Future wind 

technologies 
1950-mid 2025 2015-2100

Two different runs based 

on assumptions of where 

new WPPs can be sited

Onshore wind: 3 hub heights and 

3 turbine types

Offshore wind: 1 hub height and 2 

turbine types



Pan-European Climate Database (PECD) for ENTSO-E

Onshore and offshore wind capacity factors for example future wind technologies



DTU Wind Energy, ñReport for Elia: MOG II System Integration: Public versionò, 2020 (https://orbit .dtu.dk/en/publications/elia-mog-ii-system-integration-public-version).

2020

2026

BE

NL

Å 4.4 GW offshore wind integration study for 

the Belgian TSO Elia

Å Very dense offshore wind installations

ÅWake modelling important

Å Including farm-to-farm wakes

ÅMultiple plants may experience 

simultaneous storm shutdown

Å Impacts on:

ÅRamp rates

ÅFleet-level storm shutdowns

ÅExpected forecast errors

Assessing system flexibility needs for Belgium
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2020

BE

NL
Validation

Assessing system flexibility needs for Belgium

DTU Wind Energy, ñReport for Elia: MOG II System Integration: Public versionò, 2020 (https://orbit .dtu.dk/en/publications/elia-mog-ii-system-integration-public-version).
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2020

Future

BE

NL

Application for a 
future scenario

Assessing system flexibility needs for Belgium

DTU Wind Energy, ñReport for Elia: MOG II System Integration: Public versionò, 2020 (https://orbit .dtu.dk/en/publications/elia-mog-ii-system-integration-public-version).

Offshore wind behaviour under different wind 

technology assumptions

ü  Inform requirements for new wind installations

How different wind technologies behave during a storm
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Capability to quantify VRE forecast errors

DTU Wind Energy, ñReport for Elia: MOG II System Integration: Public versionò, 2020 (https://orbit .dtu.dk/en/publications/elia-mog-ii-system-integration-public-version).

Å Impact of increasing 
geographical smoothening

ï Also varying VRE 
technology

Å Based on 40+ years of time 
series

ï 5 min resolution

ï Different forecast horizons

Å Informs about future 
flexibility (and reserve) 
needs
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CorRES web service

Å Applicable 

globally
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