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Why renewable energy sources matter?

• EU’ renewable energy directive aims for 42.5% 
of the gross energy consumption from 
renewables by 2030.

• In 2024, 46.9% of net electricity produced in the 
EU came from renewable energy sources.

• But, with opportunities come challenges

• No wind or excessive wind 🡪 no power

• No sun 🡪 no power

Wind and PV developers need to identify best 
spots for exploiting renewable energy sources in 
the most efficient way.

Wind and PV plant operators need to estimate energy 
production in future time periods and predict potential 
damages to the infrastructure.

Distribute System Operators have to stabilise the grid.
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• Energy prediction module

Yet another challenge – how to model complex physical phenoma related to Renewable Energy Sources?
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Why HPC matters?

• The answer is multiscale simulations models:
• Global weather forecast
• Mesoscale weather forecast
• Regional/urban weather forecast
• Energy prediction module

• But:
• Modelling at different scales requires thousands of CPUs
• How to limit uncertainties – with uncertainty quantification

• Ensembles – hundreds of simulations each requires thousands of CPUs
• HPDA – to efficiently process all the data

• All of these requires robust and novel HPC infrastructure, delivered by the EuroHPC-JU

Yet another challenge – how to model complex physical phenoma related to Renewable Energy Sources?
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• RES is a HPC suite for tackling renewable energy 

sources challenges

• Addressing the needs of different users and stakeholders, 

e.g. DSOs, RES developers and operators, individuals

• With appealing interface

• Suited for non-HPC users

• Transparent setup and execution

• With support for ensembles and uncertainty quantification

RES toolkit
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EULAG solver

RES-WIN
D

RES-PV

RES-dam
ages

RES applications
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Optimising wind farms and mills
• Urban and non-urban areas
• Finding best spots from wind 

farms and mills

EULAG solver

RES-WIN
D

RES-PV

RES-dam
ages

RES applications
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Damages to the RES installations
• Icing
• Excessive heat
• Extreme wind

RES-WIN
D

RES-PV

RES-dam
ages

RES applications
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Energy production forecasts from photovoltaic systems

RES-WIN
D

RES-PV

RES-dam
ages

RES applications
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• Forecast of electric energy production from PV installation

• PSNC photovoltaic farm 990 kWp

• Data from OpenStreetMaps, Corine, EU-DEM, GFS, …

• Multiscale simulation from 4km to 10m resolution

RES-PV demonstrator

Kąkolewo PV 990kWp
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• Forecast of electric energy production from PV installation

• PSNC photovoltaic farm 990 kWp

• Data from OpenStreetMaps, Corine, EU-DEM, GFS, …

• Multiscale simulation from 4km to 10m resolution

RES-PV demonstrator

Kąkolewo PV 990kWp

Why to bother?

• Increased spatial resolution to capture local variabilities

• Better accuracy in energy production forecast
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RES-PV: setup

Basics

• Select region of interest

• Provide forecast start time, duration, and time 
interval

• Optionally provide details on PV infrastructure
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RES-PV: setup

Basics

• Select region of interest

• Provide forecast start time, duration, and time 
interval

• Optionally provide details on PV infrastructure

Advanced

• Select the machine, provide nodes / CPUs / GPUs 
configuration

• Select models, horizontal resolution, timestep, etc.

Hidden features

• Automatic domain size and nesting

• Automatic nodes / CPUs / GPUs assignment
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RES-PV: running models
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RES-PV: running models
All previously run forecasts
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RES-PV: running models
Current forecast
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RES-PV: running models

Details on HPC job
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RES-PV: running models

Overall progress
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RES-PV: running models

Stage results

Details on HPC job

Overall progress

Stages (models)

Stage progress



27

RES-PV stages

RES.WRF

• Mesoscale to regional weather forecast

• Use of GFS / other global data as an input

• Details weather forecast up to 100m



28

RES-PV stages

RES.WRF

• Mesoscale to regional weather forecast

• Use of GFS / other global data as an input

• Details weather forecast up to 100m

RES.EULAG

• City-to-street scale weather and flows forecast

• Use of RES.WRF output data

• Details weather forecast up to 1m



29

RES-PV stages

RES.WRF

• Mesoscale to regional weather forecast

• Use of GFS / other global data as an input

• Details weather forecast up to 100m

RES.EULAG

• City-to-street scale weather and flows forecast

• Use of RES.WRF output data

• Details weather forecast up to 1m

RES.ENERGY

• Energy production forecast



30

RES-PV stages

RES.WRF

• Mesoscale to regional weather forecast

• Use of GFS / other global data as an input

• Details weather forecast up to 100m

RES.EULAG

• City-to-street scale weather and flows forecast

• Use of RES.WRF output data

• Details weather forecast up to 1m

RES.ENERGY

• Energy production forecast

102 – 103 CPUs

Single run



31

RES-PV stages

RES.WRF

• Mesoscale to regional weather forecast

• Use of GFS / other global data as an input

• Details weather forecast up to 100m

RES.EULAG

• City-to-street scale weather and flows forecast

• Use of RES.WRF output data

• Details weather forecast up to 1m

RES.ENERGY

• Energy production forecast

102 – 103 CPUs

102 – 104 CPUs

Single run



32

RES-PV stages

RES.WRF

• Mesoscale to regional weather forecast

• Use of GFS / other global data as an input

• Details weather forecast up to 100m

RES.EULAG

• City-to-street scale weather and flows forecast

• Use of RES.WRF output data

• Details weather forecast up to 1m

RES.ENERGY

• Energy production forecast

102 – 103 CPUs

102 – 104 CPUs

100 – 101 GPUs

Single run



33

RES-PV stages

RES.WRF

• Mesoscale to regional weather forecast

• Use of GFS / other global data as an input

• Details weather forecast up to 100m

RES.EULAG

• City-to-street scale weather and flows forecast

• Use of RES.WRF output data

• Details weather forecast up to 1m

RES.ENERGY

• Energy production forecast

102 – 103 CPUs

102 – 104 CPUs

100 – 101 GPUs

Single run
Ensembles, 
uncertainty 

quantification



34

RES-PV stages

RES.WRF

• Mesoscale to regional weather forecast

• Use of GFS / other global data as an input

• Details weather forecast up to 100m

RES.EULAG

• City-to-street scale weather and flows forecast

• Use of RES.WRF output data

• Details weather forecast up to 1m

RES.ENERGY

• Energy production forecast

102 – 103 CPUs

102 – 104 CPUs

100 – 101 GPUs

Single run
Ensembles, 
uncertainty 

quantification

101 – 102



35

RES-PV stages

RES.WRF

• Mesoscale to regional weather forecast

• Use of GFS / other global data as an input

• Details weather forecast up to 100m

RES.EULAG

• City-to-street scale weather and flows forecast

• Use of RES.WRF output data

• Details weather forecast up to 1m

RES.ENERGY

• Energy production forecast

102 – 103 CPUs

102 – 104 CPUs

100 – 101 GPUs

Single run
Ensembles, 
uncertainty 

quantification

101 – 102

101 – 102



36

RES-PV stages

RES.WRF

• Mesoscale to regional weather forecast

• Use of GFS / other global data as an input

• Details weather forecast up to 100m

RES.EULAG

• City-to-street scale weather and flows forecast

• Use of RES.WRF output data

• Details weather forecast up to 1m

RES.ENERGY

• Energy production forecast

102 – 103 CPUs

102 – 104 CPUs

100 – 101 GPUs

Single run
Ensembles, 
uncertainty 

quantification

101 – 102

101 – 102

< 106 CPUs

100 – 101 GPUs



37

RES-PV stages

RES.WRF

• Mesoscale to regional weather forecast

• Use of GFS / other global data as an input

• Details weather forecast up to 100m

RES.EULAG

• City-to-street scale weather and flows forecast

• Use of RES.WRF output data

• Details weather forecast up to 1m

RES.ENERGY

• Energy production forecast

102 – 103 CPUs

102 – 104 CPUs

100 – 101 GPUs

Single run
Ensembles, 
uncertainty 

quantification

101 – 102
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TIME
Minutes to hours
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● Data with a 15 minute timestamp

● Weather features including : direct radiation, visibility, 

temperature and 9 more

● Ongoing process of data gathering 

● Each use-case needs a specific model and data gathered for it

● Modelling done in PyTorch, using Recurrent Neural Network 

with LSTM cells

● With more data, come more opportunities e.g. incorporating 

new architectures :

Transformers or Mamba.

Current architecture - RNN with LSTM cells

RES.ENERGY
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RES-PV results
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RES-PV results

Application (workflow) stage
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RES-PV results

Forecasted 
energy 

production
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RES-PV results

Expected 
income
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RES-PV results

Detailed energy production per 15 minutes
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RES-PV results

Weather forecast
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RES-PV results

Weather forecast

Detailed energy production per 15 minutes

Expected 
income

Forecasted 
energy 

production

Application (workflow) stage
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Leveraging HPC with GUI for energy services

• QCG delivers a set of highly efficient services and 

access tools for remote application execution in 

large-scale computing environments, including both 

classical HPC and Cloud systems, and emerging 

Quantum Computers

• QCG-Portal is an adaptable portal for execution of 
various computational scenarios on remote resources.

• Graphical definition, submission, management and 
monitoring  of tasks.

• Customisable interface

• Integrated data management and automated data 
stage-in & stage-out (IBIS).

• Authentication/Authorisation based on modern SSO 
technologies (OAuth2 / OIDC, Keycloak).
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UQ and ensembles powered by mUQSA

• mUQSA provides solution for uncertainty 

quantification, sensitivity analysis, and ensembles

• Supports different UQ methods: SC, PCE, MC, …

• Integrated with QCG and QCG-Portal for seamless 

analysis
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