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Specific Technology 
Collaboration Programs 
(in renewable energy):

• Bioenergy TCP

• Concentrated Solar Power 
(SolarPACES TCP)

• Geothermal TCP

• Hydrogen TCP

• Hydropower TCP

• Ocean Energy Systems (OES TCP)

• Photovoltaic Power Systems (PVPS 
TCP)

• Solar Heating and Cooling (SHC TCP)
• Wind Energy Systems (Wind TCP)



Technology Collaboration Programmes
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From groups of single wind turbines to 
large-scale Wind Energy Systems

...2022 ...2025
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What is the IEA (International Energy Agency)? (www.iea.org)
• International organization within OECD with 30 members countries and 8 associates
• Promotes global dialogue on energy, providing authoritative analysis through a wide 

range of publications
• One activity: convenes panels of experts to address specific topics

Task 51: Forecasting for the weather-driven Energy System: 
• One of 17 Tasks of IEA Wind: https://iea-wind.org/
• Task 36: Phase 1: 2016-2018; Phase 2: 2019-2021 Task 51: Phase 3: 2022-2025
• Operating Agent: Gregor Giebel of DTU Wind Energy
• Objective: facilitate int. collaboration to improve wind energy forecasts
• Participants: (1) research organization and projects, (2) forecast providers, 

(3) policy-makers and (4) end-users & stakeholders 

Task 51 Scope: 3 “Work Packages” distributed over 13 “Workstreams”
• WP1: Global Coordination in Forecast Model Improvement 
• WP2: Benchmarking, Predictability and Model Uncertainty 
• WP3: Optimal Use of Forecasting Solutions 

Task homepage: https://iea-wind.org/task51

IEA Wind Task 51: Forecasting for the weather-driven Energy System

51

https://iea-wind.org/task51


End use

Weather Prediction

Power and Uncertainty 

Task Work is divided into 3 work packages:
WP1: Weather Prediction Improvements
WP2: Power and Uncertainty Forecasting
WP3: Optimal Use of Forecasting Solutions

IEA Wind Task 51 Work distribution



IEA Wind Task 51 Work distribution

Modelling & 
data assimilation



The Task 51 Information Portal 
aims to be a useful resource 
for people in forecasting, 
especially providing links to 
publically available data for 
model development.

https://iea-wind.org/task-
51/t51-information-portal/



https://iea-wind.org/task-51/project-list/

https://iea-wind.org/task-51/project-list/


Workstream Atmospheric Modelling and 
Physics & first simulations for airborne wind 

Wind 
speed

Wind 
direction

Wind profiler Nordholz: Wind at 669 m

Gartow tower: Wind at 341 m a.g.l.

Wind 
speed

Wind 
direction

ICON-DE model now 
in 15min resolution 
every hour

MSEPS ensemble now 
with post+processing 
up to 1.800m



Elsevier OpenAccess Book

ORDER or DOWNLOAD NOW!
ISBN: 978-0-443-18681-3
PUB DATE: November 2022
DISCOUNT: Non-serials
FORMAT: Paperback
Editors: Corinna Möhrlen, John W. Zack, and Gregor Giebel
https://www.elsevier.com/books/iea-wind-recommended-practice-for-the-implementation-
of-renewable-energy-forecasting-solutions/mohrlen/978-0-443-18681-3

Online OpenAccess:

https://www.sciencedirect.com/book/9780443186813/iea-wind-recommended-
practice-for-the-implementation-of-renewable-energy-forecasting-solutions

IEA Wind Task 51 Information

iea-wind.org → Task 51 → Publications → Recommended Practice

https://www.elsevier.com/books/iea-wind-recommended-practice-for-the-implementation-of-renewable-energy-forecasting-solutions/mohrlen/978-0-443-18681-3
https://www.elsevier.com/books/iea-wind-recommended-practice-for-the-implementation-of-renewable-energy-forecasting-solutions/mohrlen/978-0-443-18681-3
https://www.sciencedirect.com/book/9780443186813/iea-wind-recommended-practice-for-the-implementation-of-renewable-energy-forecasting-solutions
https://www.sciencedirect.com/book/9780443186813/iea-wind-recommended-practice-for-the-implementation-of-renewable-energy-forecasting-solutions
https://iea-wind.org/task51/task51-publications/task51-recommended-practices/


IEA Best Practice Recommendations for 
the Selection of a Wind Forecasting Solution v2: Set of 4 Documents

Part 1: Selection of an Optimal 
Forecast Solution

Part 2: Design and Execution of 
Benchmarks and Trials

Part 3: Evaluation of Forecasts 
and Forecast Solutions

Part 4: Data Requirements for 
Real-time Applications

Now as OpenAccess book!
Introduction: https://www.youtube.com/watch?v=XVO37hLE03M

https://www.sciencedirect.com/book/9780443186813/iea-wind-recommended-practice-for-the-implementation-of-renewable-energy-forecasting-solutions


Validation & Verification 
              code examples

Examples developed within the IEA Wind 
Task 36 and Task 51:

WE-validate

Available on GitHub: https://github.com/joejoeyjoseph/i-validate/

Use Case: Demo Jupyter Notebook (U.S. Mountain Wave case):
https://nbviewer.jupyter.org/github/joejoeyjoseph/i-validate/blob/main/notebooks/demo_notebook.ipynb

Existing metrics: RMSE, cRMSE, mean bias, mean absolute error
Existing plots: time series, histogram, scatter plot

WE-validate-prob – R-package for probabilistic verification
Existing metrics: CRPS, Brier Score, ROC curve, Histograms, 
             Reliability Diagram, Contingency table

Existing plots: time series, histograms, ROC curve, CRPS

WE-
Verify-
prob

Chapter 14, 
Section 14.3 
Assessment of 
forecast 
performance

See also our workshops & conference page:
https://iea-wind.org/task51/task51-publications/task51-workshops-and-special-sessions/

https://github.com/joejoeyjoseph/i-validate/
https://nbviewer.jupyter.org/github/joejoeyjoseph/i-validate/blob/main/notebooks/demo_notebook.ipynb
https://www.sciencedirect.com/science/article/pii/B978044318681300026X#s0040
https://iea-wind.org/task51/task51-publications/task51-workshops-and-special-sessions/


Workstream Uncertainty :
Uncertainty Propagation throughout the model chain with real data

tool 
1

WE-
prob 
tool

tool 
3

* Uncovering wind power forecasting uncertainty sources and their propagation through the whole modelling chain
https://www.sciencedirect.com/science/article/pii/S1364032122004221

Publication

Discussion & writing of 
publication with most 
suitable test cases 

Discussion & testing of 
verification platform

tool  
2

Uncertainty
Quantification 
with test data 

sets 
according to 

2022 UQ 
publication*

PHASE I
2022-2023

PHASE II
2024 Online 

Verification
Platform

PHASE III
2025

https://www.sciencedirect.com/science/article/pii/S1364032122004221


Review of uncertainty propagation

Work program Part I 

• Qualitative description of the origins and 
propagation of uncertainty through the 
forecasting chain (D2.2)

→ Published in Renewable and Sustainable 
    Energy Reviews in 2022

Work program Part II (2023-2025) 

 Quantification of the origins and propagation 
of uncertainty through the forecasting chain



Workstream Decision-making under Uncertainty  

https://iea-
wind.org/task51/task51-work-
streams/ws-decision-making-
under-uncertainty/

Table and collection of 
forecasting Games:
iea-wind.org/taks 51 
 → Workstreams → Decision Making 
     under Uncertainty

https://iea-wind.org/task51/task51-work-streams/ws-decision-making-under-uncertainty/
https://iea-wind.org/task51/task51-work-streams/ws-decision-making-under-uncertainty/
https://iea-wind.org/task51/task51-work-streams/ws-decision-making-under-uncertainty/
https://iea-wind.org/task51/task51-work-streams/ws-decision-making-under-uncertainty/


Decision-making under Uncertainty  

1. Experiment (2020)

Game: 12 cases 
Decision structure:  12 deterministic Forecasts followed by a probabilistic forecast 
After each decision, possible change of decision based on new information

2. Experiment (2021-2024*)
Game: 40 cases 

Decision structure: 20 deterministic cases + decision confidence request
20 probabilistic cases + decision confidence request

* still open...: https://meteorology.mpib.dev/wind-power-decisions/about.html

“Probabilistic Forecasting Games & Experiments” initiative 

https://meteorology.mpib.dev/wind-power-decisions/about.html


Workstream Data Science and AI
As the world’s fastest-growing technology, Artificial Intelligence (AI) is rapidly shaping 
industries such as Energy and Meteorology.

To help address stakeholders’ concerns about the impacts of increasingly incorporating AI 
and Machine Learning into weather and power prediction models, a webinar in Deep 
Learning for Weather-Based Power Prediction was held in January 2024

In this Webinar we brought to-gether the Energy Meteorology and Machine Learning/ 
Deep Learning (ML/DL) communities to showcase the latest advancements in ML/DL for 
weather prediction. 

Some Lessons Learned from the webinar:

Positive developments:
⇧  The models start to show skill
⇧  The models suggest a new approach to meteorological  questions
⇧  Fast hypothesis testing and scope narrowing forsimulations with physics models
⇧  The models develop fast due to large resources put into  new features 
⇧  Huge ensembles (>1000 members) are on the horizon
⇧  There is work underway to start the AI models from measurements alone

 
Challenges to be solved:
⇩  Quality control of input data is not yet handled - outliers,  missing or corrupt data
⇩  High complexity and variety of data to train models is a  challenge
⇩  Feature engineering needs features – without physics this  will be difficult
⇩  Data-driven models require new look upon data sharing  which has been a challenge until now

Webinar now   
available in   
our YouTube 
channel

IEAWindForecasting 
https://youtu.be/t6H7diavQdg

https://youtu.be/t6H7diavQdg


Workstream Data Sharing
Workplan

A recently policy paper for the European Commission about the 
transformation of the energy system covering digitilisation and data 
sharing was generally for the energy sector – covering RES only on 
the surface. 

Status: Development of a position paper about data sharing for the 
renewable energy sector has been started  

A group of contributors are covering different aspects of RES: 
resource assessment/site location, forecasting, trading, O&M, etc.
     

* https://op.europa.eu/en/publication-detail/-/publication/21b0260e-a2d5-11ee-b164-01aa75ed71a1/language-en/format-PDF/source-300344208

iea-wind
task 51

Renewable

https://op.europa.eu/en/publication-detail/-/publication/21b0260e-a2d5-11ee-b164-01aa75ed71a1/language-en/format-PDF/source-300344208
https://op.europa.eu/en/publication-detail/-/publication/21b0260e-a2d5-11ee-b164-01aa75ed71a1/language-en/format-PDF/source-300344208


WS Extreme Power System Events

Collaboration with 
Subtask: On-demand 
digital twin extremes 
forecasting system for 
renewables - The 
Destination Earth 
Extremes digital twin https://iea-

wind.org/2024/07/31/iea-wind-
task-51-austria-workshop-in-

IEA Wind TCPTask 51
“Forecasting for the weather-driven 

energy system”

Workshop on 
Extreme Power System Events

Boulder, April 2025

https://destine.ecmwf.int/news/meteo-france-led-
international-partnership-wins-bid-to-develop-
destination-earths-on-demand-extremes-digital-
t i /

https://iea-wind.org/2024/07/31/iea-wind-task-51-austria-workshop-in-vienna-on-6th-nov-2024/
https://iea-wind.org/2024/07/31/iea-wind-task-51-austria-workshop-in-vienna-on-6th-nov-2024/
https://iea-wind.org/2024/07/31/iea-wind-task-51-austria-workshop-in-vienna-on-6th-nov-2024/
https://destine.ecmwf.int/news/meteo-france-led-international-partnership-wins-bid-to-develop-destination-earths-on-demand-extremes-digital-twin/
https://destine.ecmwf.int/news/meteo-france-led-international-partnership-wins-bid-to-develop-destination-earths-on-demand-extremes-digital-twin/
https://destine.ecmwf.int/news/meteo-france-led-international-partnership-wins-bid-to-develop-destination-earths-on-demand-extremes-digital-twin/
https://destine.ecmwf.int/news/meteo-france-led-international-partnership-wins-bid-to-develop-destination-earths-on-demand-extremes-digital-twin/


WS Extreme Power System Events What is an extreme event ?

Ireland and UK experienced two 
storms in a row:
Isha on Jan, 21st 2024 and 
Jocelyn on Jan, 22nd 2024 



WS Value of Forecasting

User Cases presented at Meetings + Reports

Dimitrios Eleftheriou, Ea Energianalyse: use of wind power 
forecasts in scheduling a hybrid energy asset consisting of wind 
turbines, electrolyser and hydrogen storage

Honglin Wen, Shanghai Jiao Tong University: Value-oriented 
Renewable Energy Forecasting for Coordinated Energy Dispatch 
Problems at Two Stages

Antonio Couto, LNEG, Portugal: Addressing the challenges of wind 
power plants hybridised with solar power: A generation forecast 
perspective. (see also publication)

Rujie Zhu, Technical University of Denmark: Value of forecasting 
for hybrid Energy Management

Status is monitored by looking and discussing the use of wind power forecasts
+++ now in collaboration with Task 50 Hybrid Power Plants +++

See iea-wind.org/task51 → Publications 
→ Workshops & Special Sessions

https://www.sciencedirect.com/science/article/pii/S0959652623029517
https://iea-wind.org/task51
https://iea-wind.org/task51/task51-publications/task51-workshops-and-special-sessions/


IEC TR 63043 ED1 
Renewable 
Energy 
Power 
Forecasting 
Technology

 Technical Report was released in 2020  by Sub-
Committee 8A Grid Integration of Renewable Energy 
Generation, Working Group 2 Renewable energy 
power prediction 
https://webstore.iec.ch/publication/26529 - Link to IEC SC8A WG2

 New Work Item for the development of a IEC Standard 
in Oct. 2023

Collaboration and Liaison with IEC Scientific Committee 8A 
on Grid Integration of Renewable Energy Generation 

Common work: IEC Technical Report 
TR63043 - Renewable Energy Power 
Forecasting Technology

See session 
9D...

https://webstore.iec.ch/publication/26529
https://www.iec.ch/dyn/www/f?p=103:14:14512428985885::::FSP_ORG_ID,FSP_LANG_ID:13189,25


Task 51 Web Presence 

https://www.youtube.com/c/IEAWindForecasting
https://iea-wind.org/task51

Website Channel

https://iea-wind.org/task51


Handouts
• 2-page handouts: quick overview of major results
• 3 currently available; can be obtained from:

https://iea-wind.org/task51/task51-
publications/task51-posters-and-handouts/

Task  
Overview

Forecast Solution 
Selection

Uncertainty and 
Probabilistic 
Forecasting



Summary 
• Framework conditions changed since first phase of Task 36: RES is no longer  

addition to system, but IS the system; sector coupling to transport, heat, X…

• Has new challenges for new forecast horizons (seasonal forecasting…)

• Needs strong collaboration with related TCPs (solar, hydro, hydrogen, …) and 
related Tasks (Integration, Lidar, Farm Flow Control, Hybrids, …), 
standardisation (IEC), data markets, data control & quality assessment (WMO)

• Uncertainty, probabilistic Forecasting & data-driven AI modelling is in focus

• Workshops&Webinars: State of the art, Seasonal Forecasting (2023), Minute 
Scale Forecasting (2024) and Extreme Power System Events (2025)  Webinar on 
AI in meteorology & energy 

Task 51 - ”Forecasting for the weather-driven Energy System”
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iea-wind.org/task51

The IEA Wind TCP agreement, also known as the Implementing Agreement for Co-operation in the Research, Development, and 
Deployment of Wind Energy Systems, functions within a framework created by the International Energy Agency (IEA). Views, findings, and 
publications of IEA Wind do not necessarily represent the views or policies of the IEA Secretariat or of all its individual member countries.

Task Managers and Workpackage Leads :
Gregor Giebel  Caroline Draxl  Corinna Möhrlen        John Zack

Roskilde, Denmark  Golden (CO), USA  Böblingen, Germany     Albany, USA

grgi@dtu.dk      caroline.draxl@epri.com      com@weprog.com     john@meso.com

Get in touch with us...

Task 51 – “Forecasting for the 
weather-driven Energy System”

https://iea-wind.org/task51
http://ea-wind.org/task51
mailto:grgi@dtu.dk
mailto:caroline.draxl@epri.com
mailto:com@weprog.com
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