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Workshop

State of the Art and Research Gaps in
Forecasting for the Weather Driven Energy System

-
September 12 /13 2022, Unversity College Dubhin le q w ' n d

http://www.iea-wind.org/task51/



http://www.iea-wind.org/task51/

Agenda Mon 12 Sept, morning

09:00 Gregor Giebel, DTU: Welcome and introduction from the Operating Agent

09:30 Conor Kavanagh, Eirgrid- Forecasting Challenges in Ireland

10:00 Eamonn Lannoye, EPRI: Integrating forecasting into power system operations and planning —
current gaps and research needs

11:00 Coffee break

11:20 Malte Rieck, Meteorologist, V attenfall Trading: How are wind forecasts used operationally? A tour of
marketing wind energy

11:50 Edward McGarrigle, Galanta Energy: On forecasting for trading

12:20 Kathryn Fowler, Centrica Energy Trading: Changing forecast requirements in a trading environment

12:50 LLunch break
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Agenda Mon 12 Sept, afternoon

12:50 Lunch break

13:40 Caroline Draxi, co-Operating Agent, NREI.: The WFIP projects 1-3, and Forecasting for Airborne
systems

14:00 Irene Schicker, ZAMG: Subseasonal forecasting

14:20 Frédéric Vitart, ECMWFE: Season to Season (S2S) forecasts and their relevance for energy (virtual)
14:40 Resmco Verzijlbergh, Whiffle: Very high resolution forecasting using LES on GPUs

15:50 Coffee break

16:10 Session on Extreme event definition and forecasting

16:10 David Lenaghan, UK National Grid ESO: An introduction to extreme events in future energy systems
16:40 OpenSpace discussion (30min) round of 3 topics: weather extremes, wind/solar power extremes,
extreme events in the power grid.

17:20 Discussion in plenum

18:00 Close /
Optional: Self-paid dinner at Farmer Brown's in Clonskeagh (walk from here, 68 Clonskeagh Road) “.
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Agenda Tue 13 Sept, morning

09:00 Bradley Eck, IBM: Al and cloud computing developments towards integrating renewables

09:25 Ricardo Bessa, INESC TEC: Smart4RES collaborative analytics for renewable energy forecasting:
federated learning and data

09:45 Pau/ Cuffe, UCD: Prediction markets as forecasting and hedging instruments within the renewable
electricity sector

10:10 Discussion speakers & audience (20 min)

10:40 Coffee break / Group picture

11:10 Open Space session: minute and hour scale forecasting, intraday and day-ahead forecasting, and
week-ahead to season-ahead forecasting

12:30 LLunch break
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Agenda Tue 13 Sept, afternoon
12:30 Lunch break

Kristian Horvath (DHMZ/WMO): The Energy study group

13:50 David I enaghan: The Journey from deterministic to probabilistic — an introduction

13:35 George Kariniotakis, Mines Paris: How do the applications influence the forecasting tech evolution?
13:50 Juan Sopena, Solute: People just want numbers - How to fairly compare and interpret forecasts with a

benchmarking framework for performance evaluation
Justin Rutherford:
14:05 4567

14:20 Corinna Mohrien, WEPROG: Introduction to the probabilistic gaming concept, the games purpose and
setup to demonstrate a real-time environment and how to integrate probabilistic forecasts into decision

making processes (automatically as well as with human intervention) (30mzin).
14:45 Playing the IEA Wind/WEXICOM Fotecast Game (30min).

15:00 Coffee break
Results from the game

15:30 Panel discussion and Q&A L
RN sin




Agenda Wed 14 Sept, morning

09:00 Work Stream status+plans, 8 min per Work Stream
11:00 Coftee Break
11:30 Next steps: next meeting, next workshop, SOTA paper, AOB

13:00 Close / Lunch

7 @

iea wind



IEA Wind Task 51 “Forecasting for the Weather
Driven Energy System” \

Gregor Glebel DTU Wlnd and Energy Systems
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International Energy Agency History

The IEA was founded in 1974 to help countries co-ordinate a collective
response to major disruptions in the supply of oil.

Image source: dpa

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)

See iea.org!
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|EA Wind countries
Installed capacity 457 GW
Windshare6.1 %

Task 51 members:
AT, CN, DE, DK, ES, Fl,
FR, IE, PT, SE, UK, US
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Deterministic approaches Next generation of tools
Hybrid approaches Focus on extremes
4 L " Diversify pred
ta . information
Spatio-temp
Ramp forecastin

Cut-off forecastin
Alarming, risk ind

Link to meteorolo
SafeWind

2016

Functions considered:

i3 l]' 0
t by “ i Power
i i i system Reserves [ Probabilistic
3. TERRAIN 2. WEATHER FORECASTS )
scheduling ] estimation forecasting
Wind/
Congestion storage Optimal End-users :
managemenf ool trading +TSOs
+DSOs

« Island system
operators
ANEMOS.plus « Utilities

2002 Anemos 2008 ANEMOS./plus

demos * Traders
Probabilistic approaches Link forecasts to the application =
1st Benchmarking Power system management/trading
Towards standardisation Stochastic optimisation
Combined forecasts (multi model/NWPs) Demonstration

For a relatively complete list of forecasting projects, see the Information Portal on iea-wind.org/task51 !
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Forecasting for Wind Energy
2016-2018 2019-2021 -

T36 Phase 1 T36 Phase 2 > T51 Phase 1

/

o 2022-2025
Forecasting for the
Weather Driven
Energy System



Task Objectives & Expected Results

Task Objective is to encourage improvements in:
1) weather prediction

2) power conversion

3) use of forecasts

Task Organisation is to encourage international collaboration between:
Research organisations and projects

Meteorologists

Forecast providers

End-users and stakeholders

v

L2 2 7

Task Work is divided into 3 work packages:
WP1: Weather Prediction Improvements

WP2: Power and Uncertainty Forecasting

WP3: Optimal Use of Forecasting Solutions

Current Term: 2022-2025




IEA Best Practice Recommendations for

the Selection of a Wind Forecasting Solution v2: Set of 4 Documents

o
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RECOMMENDED PRACTICE
FOR THE IMPLEMENTATION OF
RENEWABLE ENERGY
FORECASTING SOLUTIONS

- Part 1: FORECAST SOLUTION SELECTION PROCESS -

2. EDITION

Draft for Review by the Executive Committee of the International
nergy Agency Implementing Agreement

Preparcd by IEA Wind Task 36

Part 1: Selection of an Optimal

Forecast Solution

<
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RECOMMENDED PRACTICE
FOR THE IMPLEMENTATION OF
RENEWABLE ENERGY
FORECASTING SOLUTIONS

- Part 2: DESIGNING AND EXECUTING FORECASTING
BENCHMARKS AND TRIALS -

RECOMMENDED PRACTICE
FOR THE IMPLEMENTATION OF
RENEWABLE ENERGY
FORECASTING SOLUTIONS

- Part 3: Forecast Solution Evaluation -

2. EDITION

Prepared by IEA Wind Task 36

Part 2: Design and Execution of

Benchmarks and Trials

2. EDITION

Draft for Review by Executive Committee of the International Energy
Agency Implementing Agreement

Preparcd by IEA Wind Task 36

Part 3: Evaluation of Forecasts
and Forecast Solutions

Finalising now - also as book!
Introduction: https://www.youtube.com/watch?v=XVO37hLEO3M

o
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RECOMMENDED PRACTICE
FOR THE IMPLEMENTATION OF
RENEWABLE ENERGY
FORECASTING SOLUTIONS

- Partd: \ al and Power Data Reg for real-time
forecasting Applications-

1. EDITION

Draft for Review by the Executive Committee of the International
Energy Agency Implementing Agreement

Prepared by IEA Wind Task 36

Part 4: Data Requirements for

Real-time Applications




Elsevier Open Book

PREORDER NOW!

ISBN: 978-0-443-18681-3
PUB DATE: November 2022
LIST PRICE: $150.00

DISCOUNT: Non-serials IEAwlnd Recomn.;ended -

e

FORMAT: Paperback . .
. P , Practice for the Implementation
Editors: Corinna Mohrlen, John W. Zack, and Gregor Giebel
of Renewable Energy
hitps://www.elsevier.com/books/iea-wind-recommended-practice-for- ForecaSting Solutions

the-implementation-of-renewable-energy-forecasting-
solutions/mohrlen/978-0-443-18681-3

Corinna Mé&hrlen

1 John W, Zack
FLSEVIER Gregor Giebel




Review of uncertainty propagation

* Conceptual paper on the origins and
propagation of uncertainty through the
forecasting chain (D2.2)

* Wind and solar power

* Renewable and Sustainable Energy Reviews
2022

* Next paper should use data and quantify the
contributions

26

Uncovering wind power forecasting uncertainty origins and
development through the whole modelling chain***

Jie Yan®, Corinna Mohrlen?, Tuhfe Gogmen®, Mark Kelly®, Arne Wessel? and Gregor Giebel**
“North China Electric Power University, State Key Lab of Alternate Electrical Power System with Renewable Energy Sources, Beijing, P.R. China
PWEPROG, Dreijervaenget 8, S610 Assens, Denmark

“Technical University of Denmark, Department of Wind Energy, Freder fsborgvef 399, 4000 Roskilde, Denmark

4 Fruunhofer Institute for Energy Economics and Energy System Technology IEE,

Cassel, Germany

ARTICLE INFO ABSTRACT
Keywords: Wind power forecasting has been supporting operational decision-making for power system and
wind power electricity markets since 30 ¥ Efforts of improving the accuracy andor certainty of wind

forecast uncertainty power forecasts, probabilistic, are continuously exerted by academics and

muodelling chain industries. Foi t errors and associated uncertainties, which propageee through the whole
forecasting chain, from weather provider to the end user, cannot be eliminated completely due
to many reasons; for instance, endogenetic randomness of weather systems and varying wind
turbine performance. Therefore, understanding the sources of uncertainty and how these uncer-
tainties propagate throughout the modelling chain is significant to implement more rational and
targeted uncertainty mitigation strategies and standardise the uncertainty validation. This paper
presents a thorough review of the uncertainty propagation through the modelling chain, from the
planning phase of the wind farm and the forecasting system through the operational phase and
market phase. Moreover, the definition of the uncertainty sources throughout these phases build
the guiding line of uncertainty mitigation throughout this review. [n the end. a discussion on un-
certainty validation is provided along with some examples. Highlights of this paper include: 1)
forecasting uncertainty exists and propagates everywheme throughout the entire modelling chain
and from planning phase to market phase; ) the mitigation efforts should be exeried in every
modelling step: 3) standardised uncertainty validation practice and global data samples are re-
quired for forecasie s io improve model performance end for forecast users to select and evaluate
the model's output

1. Introduction

High penetration of wind power has been recognised globally as one of the most important features of current and
future sustainable power systems. The natural randomness and variability of the wind itself can aggravate negative
impacts of wind power on power system operation and market trading. which strengthens the significance of forecast-
ing technology. Wind power forecasting (WPF) started more than three decades ago [16], with the first operational
forecasting tools arriving at system operation level some 10 years later at the Danish transmission system operator
ELSAM [10]. Since then, researchers have been making continuous efforts to improve the forecasting accuracy and
reliability.

It is impossible to achieve perfect predictions of wind power at any given time or location. due to chaotic atmo-
spheric motions having temporal and spatial scales that typically span more than six orders of magnitude [17, 18, 19].
Along with the complex wind field, wind turbine performance creates nonlinear and ime-varying uncertainties in wind
power forecasting. To improve the value of forecasts and their usage, we practically consider three questions: why,
when and to what extent the forecasting uncertainty will happen [20]. Accordingly, this further guides the mitigation
of forecasting uncertainty. There is plenty of literature in this area, and can be clarified into following three cate gories.

* This paper was coordinated under the auspices of [EA Wind Task 36 *Forecasting for Wind Energy”. Corinna Morden, Tuhfe Gogmen, Mark
Kelly and Gregor Giebel were funded by the Danish EUDP project “TEA Wind Task 36 Phase [I Danish Consortium”. Grant Number 64018-0515.
“Coresponding Author: Gregor Giebel
W grod Bdtu i (G. Giebel)
& www_dtu. dk (G Giebel)
ORCI{s): 0000-0002-5412-0995{0000-0002- 3212- 0599} (1. Yan); 0000- 0002-82842- 1533{0000- 0002-8842-1533} (C.
Muhrien): 0000-0002-4453-8756{0000-0002-4453-8T56) (G. Giebel)

Yan et al.: Preprint submitted to Elsevier Page 1 of 42



PI‘E‘diCtiOn M odels ITIS IN THE NATURE OF CHAOTIC ATMO-

spheric processes that weather forecasts will

H never be perfectly accurate. This natural fact
Des'gned to poses challenges not only for private life, public
Prevent Significant

safety, and traffic but also for electrical power
systems with high shares of weather-dependent
wind and solar power production.
Erro rs To facilitate a secure and economic grid and
market integration of renewable energy sources
(RES), grid operators and electricity traders must
know how much power RES within their sys-
tems will produce over the next hours and days.
This is why RES forecast models have grown over
the past decade to become indispensable tools for
many stakeholders in the energy economy. Driven
by increased grid stability requirements and mar-
ket forces, forecast systems have become tailored
to the end user's application and already perform
reliably over long peniods. Apart from a residually
moderale forecast error, there are single extreme-
error events that greatly affect grid operators.
Nevertheless, there are also forecast systems
that provide additional information about the
expected forecast uncertainty and estimations of
both moderate and extreme errors in addition to
the “best” single forecast. Such uncertainty fore-
casts warn the grid operator to prepare (o take spe-
cial actions to ensure grid stability.

By Jan Dobschinski,

Ricardo Bessa, Pengwei Du,
Kenneth Geisler,

Sue Ellen Haupt,

Matthias Lange,

Corinna Mohrlen,

Dora Nakafuji, and

Miguel de la Torre Rodriguez

The State of the Art

in Forecast Generation

Today, some forecast systems have been devel-
oped specifically to predict the power produc-
tion of single wind and solar units, differently
sized portfolios, local transformer stations and
subgrids, distribution and transmission grids
and entire countries. Nearly all forecast systems
have one thing in common: they rely on numeri-
cal weather predictions (NWPs) o calculate the
expected RES power production. The way to
transform weather predictions into power fore-
casts depends crucially on the end user's appli-
cation and the available plant configuration and
measurement data. If historical measurements are
available, forecast model developers often use
statistical and machine-learning technigues to
automatically find a relation between historical
weather forecasts and simultaneously observed
power measurements. If no historical measure-
ment data are available, e.g., for new installations
of RES units, the transformation of weather to
power is often accomplished by physically based
models that consider the unit’s parameters to map
the internal physical processes

Uncertainty
Forecasting
in a Nutshell

DOI: 710.17109/MPE.2017.2729100

Dipia ORject eniar 10,17 0WMPE, 20172735009
Daie sy paniicarion; 12 Octaner 2017

T ——— 15407977/ 172017 IEEE



Use of probabilistic forecasting

Open Access journal paper

48 pages on the use of
uncertainty forecasts in the
power industry

Definition — Methods —
Communication of
Uncertainty — End User Cases
— Pitfalls - Recommendations

Source: http://www.mdpi.com/1996-1073/10/9/1402/

energies %)

Review

Towards Improved Understanding of the
Applicability of Uncertainty Forecasts in the Electric
Power Industry

Ricardo J. Bessa ¥* 7, Corinna Miéhrlen ? ©, Vanessa Fundel 3, Malte Siefert *, Jethro Browell > &,
Sebastian Haglund El Gaidi ®, Bri-Mathias Hodge 7, Umit Cali ® and George Kariniotakis °

1 INESC Technology and Science (INESC TEC), 4200-465 Porto, Portugal

2 WEP ROG, 5610 Assens, Denmark; com@weprog.com

3 Deutscher Wetterdienst, 63067 Offenbach, Germany; vanessa. fundel@dwd.de

4 Fraunhofer Institute for Wind Energy and Energy System Technology (TWES), 34119 Kassel, Germany;
malte siefert@iwes.fraunhofer.de

University of Strathclyde, Department of Electronic and Electrical Engineering, Glasgow G1 1XQ, UK;
jethrobrowell@strath.ac.uk

Royal Institute of Technology, Department of Mechanics, SE-100 44 Stockholm, Sweden; sheg@kth se
National Renewable Energy Laboratory, Golden, CO 80401, USA; bri-mathias.hodge@nrel. gov
University of North Carolina Charlotte, Dept. of Engineering Technology and Coenstruction Management,
Charlotte, NC 28223, USA ; ucali@uncc.edu

MINES ParisTech, PSL Research University, Centre for Processes, Renew able Energies and Energy
Systems (PERSEE), 06904 Sophia Antipolis Cedex, France; georges kariniotakis@mines-paristech.fr

*  Cormespondence: ricardo.j.bessa@inesctec.pt; Tel: +351-22209-4216
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Academic Editor: David Wood
Received: 18 August 2017; Accepted: 8 September 2017; Published: 14 September 2017

Abstract: Around the world wind energy is starting to become a major energy provider in electricity
markets, as well as participating in ancillary services markets to help maintain grid stability.
The reliability of system operations and smooth integration of wind energy into electricity markets has
been strongly supported by years of improvement in weather and wind power forecasting systems.
Deterministic forecasts are still predominant in utility practice although truly optimal decisions and
risk hedging are only possible with the adoption of uncertainty forecasts. One of the main barriers
for the industrial adoption of uncertainty forecasts is the lack of understanding of its information
content (e.g., its physical and statistical modeling) and standardization of uncertainty forecast
products, which frequently leads to mistrust tow ards uncertainty forecasts and their applicability in
practice. This paper aims at improving this understanding by establishing a common terminology
and reviewing the methods to determine, estimate, and communicate the uncertainty in weather and
wind power forecasts. This conceptual analysis of the state of the art highlights that (i) end-users
should start to look at the forecast’s properties in order to map different uncertainty representations to
specific wind energy-related user requirements; (i) a multidisciplinary team is required to foster the
integration of stochastic methods in the industry sector. A set of recommendations for standardization
and improved training of operators are provided along with examples of best practices.


http://www.mdpi.com/1996-1073/10/9/1402/

Minute scale forecasting

How to use Lidars, Radars or SCADA for very short term forecasts
30 sec— 15 min.

Workshop with Task 32 Lidars at Risg 12/13 June 2018.

Slides available from workshop website.

Complete workshop on YouTube.

Summary paper in Energies journal.




Minute scale forecasting

How to use Lidars, Radars or SCADA for very short 1
30 sec— 15 min.

Workshop with Task 32 Lidars at Risg 12/13 June 20
Slides available from workshop website.

Complete workshop on YouTube.
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Minute-Scale Forecasting of Wind Power—Results from
the Collaborative Workshop of IEA Wind Task 32 and 36

Ines Wiirth 1*, Laura Valldecabres 2, Elliot Simon 3(, Corinna Méhrlen *(, Bahri Uzunoglu 56,
Ciaran Gilbert 7, Gregor Giebel >, David Schlipf ¥ and Anton Kaifel ?

1 Stuttgart Wind Energy, University of Stuttgart, Allmandring 5b, 70569 Stuttgart, Germany

2 ForWind-University of Oldenburg, Institute of Physics, Kiipkersweg 70, 26120 Oldenburg, Germany;
laura.valldecabres@forwind.de

3 DTU Wind Energy (Riso Campus), Technical University of Denmark, Frederiksborgvej 309, 4000 Roskilde,

Denmark; ellsim@dtu.dk (ES.); grgi@dtu.dk (G.G.)

WEPROG, Willemoesgade 15B, 5610 Assens, Denmark; com@we prog.com

Department of Engineering Sciences, Division of Electricity, Uppsala University, The Angstrém Laboratory,

Box 534, 751 21 Uppsala, Sweden; bahriuzunoglu@computationalrenewables.com

Department of Mathematics, Florida State University, Tallahassee, FL 32310, USA

Department of Flectronic and Flectrical Engineering, University of Strathclyde, 204 George St,

Glasgow GL1XW, UK; ciaran. gilbert@strath.ac.uk

8 Wind Energy Technology Institute, Flensburg University of Applied Sciences, KanzleistraBe 91-93,

24043 Flensburg, Germany; david schlipf@hs-flensburg.de

Zentrum fiir Sonnenenergie- und Wasserstoff-Forschung Baden-Wiirttemberg, Meitnerstraie 1,

70563 Stuttgart, Germany; anton Kaifel@zsw-bw.de

*  Correspondence: wuerth@ifb.uni-stuttgart.de; Tel: +49-711-685-68285

check for
Received: 14 December 2018; Accepted: 14 February 2019; Published: 21 February 2019 updates

Abstract: The demand for minute-scale forecasts of wind power is continuously increasing with
the growing penetration of renewable energy into the power grid, as grid operators need to ensure
grid stability in the presence of variable power generation. For this reason, TEA Wind Tasks 32
and 36 together organized a workshop on “Very Short-Term Forecasting of Wind Power” in 2018 to
discuss different approaches for the implementation of minute-scale forecasts into the power industry.
IEA Wind is an international platform for the research community and industry. Task 32 tries to
identify and mitigate barriers to the use of lidars in wind energy applications, while IEA Wind Task 36
focuses on improving the value of wind energy forecasts to the wind energy industry. The workshop
identified three applications that need minute-scale forecasts: (1) wind turbine and wind farm control,
(2) power grid balancing, (3) energy trading and ancillary services. The forecasting horizons for
these applications range from around 1s for turbine control to 60 min for energy market and grid
control applications. The methods that can be applied to generate minute-scale forecasts rely on
upstream data from remote sensing devices such as scanning lidars or radars, or are based on point
measurements from met masts, turbines or profiling remote sensing devices. Upstream data needs
to be propagated with advection models and point measurements can either be used in statistical
time series models or assimilated into physical models. All methods have advantages but also
shortcomings. The workshop’s main conclusions were that there is a need for further investigations
into the minute-scale forecasting methods for different use cases, and a cross-disciplinary exchange
of different method experts should be established. Additionally, more efforts should be directed
towards enhancing quality and reliability of the input measurement data.

Keywords: wind energy; minute-scale forecasting; forecasting horizon; Doppler lidar; Doppler radar;
numerical weather prediction models

Energies 2019, 12,712; doi:10.3390/en12040712 wwwmdpi.com /journal /energies



WP3 End-user Workshop in Glasgow

“Maximising Value from State-of-the-art Wind Power Forecasting Solutions”
hosted by Jethro Browell at Strathclyde University, Glasgow, 21 Jan 2020

e Talks by academia and industry (e.g. UK National Grid, WindPoint, UStrathclyde )
e Open Space discussion on RP, data and forecast value

e Game on value of probabilistic forecasts:
https://mpib.eu.qualtrics.com/jfe/form/SV d5aAY9502mGIS8El

e Streamed on YouTube: https://www.youtube.com/watch?v=1NOIr7jluXI



https://mpib.eu.qualtrics.com/jfe/form/SV_d5aAY95q2mGI8El

From Wind Integration to Energy Systems

(almost) no RES
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Next: Forecasting for the Weather Driven Energy System

Preparations
for the next
phase of
forecasting
collaboration
are ongoing. A
recent Task
meeting
yielded this
word cloud.

Strong
collaboration
with other
TCPs.

To start 2022.

usage
seasonal forecasts 9

value of forecasts
probablistic forecasts

energy
forecast

decision support

fO reCO Sti ng machine learning
aceeer - proloabilistic
standard cases and valida unce rtO i nty

mid-long term forecast
virtual data hub
standardise terminology value of forecasting
uncertainty analysis
standards forecast value
validation forecastgames

exten



Value of forecasting (WP3)

Forecasting in the design

Task 50 (hybrids), PV T16,
hydrogen TCP

Work Streams: WP1 Weather WP2 Power WP3 Applications Deliverable #, Due Collaboration
Atmospheric physics and * List of experiments and D1.1, Ongoing WMO, PVPS T16
modeing (WP1) I
Airborne Wind Energy Presentations on Part of D2.1 Task 48 Airborne Wind
Systems (WP1) * workshops Energy
Seasonal forecasting (WP1) Workshop / Paper D1.6 /M19 Hydro TCP, Hydrogen
* TCP, Biomass TCP

State of the Art for energy Workshop / Paper D2.1/M7,M12  PVPS Task 16, Hydro
system forecasting (WP2) * TCP, Hydrogen TCP, ...

RecPract on Forecast M2.1/

Solution Selection v3 M36
Forecasting for underserved * Public dataset D2.4 / M24 WMO
areas (WP2)
Minute scale forecasting Workshop / Paper D2.5 / M31, M36 Wind Tasks 32 Lidar, 44

Hybrids

Uncertainty / probabilistic Uncertainty propagation D 2.6/ M42 PVPS T16

RecPract v3 M48
Decision making under * Training course M12
uncertainty (WP3) Games M18
Extreme power system Workshop D3.6 / M42 Task 25, ESIG, IEA ISGAN,
events (WP3) * PVPS T16, G-PST
Data science and artificial * Report D23/ M30
intelligence (WP3)
Privacy, data markets and Workshop / Paper D3.5 / M15 ESIG

Forecasting

phase (WP3)




T s msm ",
3 'WS State of the Art and Research Gaps - _;-—Ql“‘“

. WS: T WP1 Weather WP2 Power WP3 Appllcatlons Deliverable #, Due ollabortion
Hils ' State of the Art for Workshop / Paper D2.1/M7,M12  PVPS Task 16, Hydro
~ energy system TCP, Hydrogen TCP,

forecasting (WP2) RecPract on Forecast M2.1 /M36
Solution Selection v3

In year 1, the new Task will organise a workshop on the state of the art and future research issues
in energy forecasting, inviting other TCPs (PVPS Task 16 already has voiced interest). The
workshop is modelled after the first workshop in Task 36, which established a baseline and
research agenda. The established state-of-the art will be carried forward in the recommended
practice guideline for forecasting solution selection and its dissemination to the industry at
workshops, webinars, conferences, white_papers and a book publications. Every WP contributes
to this activity.

D 2.1: Workshop and paper on state-of-the-art and future research issues in
the forecasting of weather-dependent energy system variables (M7=Summer
2022, M12=Dec 2022) -> September in Dublin!

M 2.1: Version 3 of IEA Recommended Practice on Forecast Solution Selection
(M36=Dec 2024)



~ WP1 Weather WP2 Power WP3 Applications Deliverable #, Due ~ Collaboration

Atmospheric physics List of D1.1, WMO, PVPS T16
and modelling (WP1) — experiments and  Ongoing

data

S o

P A ‘w 5
Knowing the atmb’;fﬁJher aadl Trok Wwelopments is the basis for forecasting for all horizons beyond
a few houts. Especi’ally v emphasis on seasonal forecasting and forecasts for storage
managemebt the weaﬁher fore ! ;s are in focus. This work stream spans mostly WP1, where the
larger. meteorological centres éfe at home, but crosses over mto WP2, where the derived
application variables need knowledge of the meteorology eiy :
: = 5
ﬁf{;, : ‘5:' » .

D 1.1: Onlme summary of major. flu jﬁud‘r&%w&@rtwe of wind forecast
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Image source: NOAA




Work stream Airborne Wind Energy 4_'44#

L}

i Work Streams: WP1 Weather WP2 Power WP3 Applications Deliverable

#, Due Collaboration

Airborne Wind Energy Presentations  Part of D2.1  Task 48
Systems (WP1) _ on workshops Airborne Wind
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WS Seasonal Forecastlng

y WS: WP1 Weather WP2 Power WP3 Applications  Deliverable #, Due Collaboration e : :
¥ seasonal forecasting Workshop / D1.5/M19  Hydro TCP, —_—
w1) _ dogen TCp, <
Biomass TCP o g
) . i a e TR o L ' w.s

Seasonal forecasts are growing in importance for the power grid planning, espeC|aIIy, where
hydropower, storage and other technologies are involved. This topic is also interlinked to the
uncertainty forecasting work stream and will focus on the communication between weather |
and energy community. Seasonal forecasts are a subset of weather forecasting, and are
therefore managed by WP1. WP3 will interlink these communities and serve as a platform to
establish new applications for the use of seasonal forecasting in the energy community and the
transformation into a carbon free energy system.

avri

D 1.5: Convene workshop and develop paper on seasonal forecasting,
emphasizing hydro and storage (M19)

Data source SEASS ensemble mean from C3S ECMWF | Reference 1993-2016 | Run
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B LL] L% - Number of Observations

WP1 WP2 Power  WP3 Appllcatlons Deliverable #, Due Collaboration
A Weather
" Forecasting for Public dataset D24/ WMO

% underserved areas

Forecasting in the establlshed markets like Europe North America or Chlna has both a long
tradition, and a well-established infrastructure. But in sync with the wind industry opening up
new markets for the technology, the grid operators and/or market participants need good
solutions to deal with the novel influx of power. However, both data availability and possibly
market or grid code structures might be quite different in those places. The quality of the forecast

practices for the implementation of renewable energy forecasting solutions will also serve the
under-served markets as valuable guidelines. An adaptation considering the limitations of under-
served or emerging countries will be one focus area in collaboration with WP1.

D 2.4: Inventory and web interface of data and tools for forecasting &
applications in underserved areas. (M24)

i ]
i-}" # =

Graphics source: WMO 2021: The vaiue of Surface-Based Meteorological Observation Data: Costs and benefits of the Global Basic @bserving Network. Image source: WMO



https://library.wmo.int/index.php?lvl=notice_display&id=21770#.YYp07hy1IuV
https://www.ecmwf.int/sites/default/files/WDMQS-surface-availability-WMO-map-690px.jpg

WS Minute scale forecasting

WS: WP1 Weather WP2 Power WP3 Applications Deliverable #, Due Collaboration

Minute scale Workshop / Paper  D2.5/M31, M36 Wind Tasks 32 Lidar, 44 Farm

forecasting (WP2) _ EI\(/);\'IS, CT(;gtrOI and 50 Hybrids,
On the power plant level, forecasts some minutes ahead can be used for battery control in hybrid
power plants, in wind farm flow control (it takes minutes for the wind field to pass through a
larger wind farm), and sometimes also in market structures like the Australian market, which &=
operates on a 5-min schedule. Advances in minute-scale forecasting have been investigated in g
phase 2 and will be further developed and communicated to the industry. Since minute scale
forecasting mainly uses data driven tools (statistical or machine learning), the WS is administered
by WP2, but has connections to WP1 for knowing the wind flow through a farm, and to WP3 with

regards to usage of the forecasts. We plan to have a workshop together with'the IEA Wind Tasks
on Lidar and on Hybrid Power Plants,’and possibly others.

D 2.5: Workshop and/paper on minute-scale forecasting for hybrid power ,
plants or wind farm control, in conjunction with Task 32 on Lidars, Task-44 on © .-
Farm Flow Control and Task 50.on Hybrid-Power. Plants (M31=Summer 2024, g
M36)




WS Uncertainty / Probabilistic FC / Decision making

WS: WP1 Weather WP2 Power WP3 Applications Deliverable #, Due Collaboration
Uncertainty / probabilistic Uncertainty ~ D26/M42 PVPS T16
forecasting / decision propagation paper with
making under uncertainty data
(WP3) Games M18

RecPract v3 M48

Training course M12

Uncertainty is inherent in the forecasting of weather driven power generation. The preparation of calibrated uncertainty measures is
done by the WP2 stakeholders. In WP3, the integration of forecast uncertainty into power grid management, wind power bidding
strategies, and storage operation, will be analysed considering the role of humans (and their perception of uncertainty and risk), costs and
benefits of end-users. Since this is the research topic needing more attention, WP3 is responsible for this WS. Analysis of critical
bottlenecks in forecasting accuracy, as well as validation and value determination, are topics that will be dealt with in interdisciplinary
groups and collaborations with associated partners and other WPs. Additionally, a qualitative overview paper of the propagation of
uncertainty through the modelling chain was submitted in mid-2021. A natural extension of the work is to use the techniques on real
data, to calculate the results and to publish it as a new paper.

D 2.6: Paper on uncertainty propagation in the modelling chain, using quantitative
data (M42)

M 2.1: Version 3 of IEA Recom. Practice on Forecast Solution Selection (M36)
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WS Data Science and Artificial Intelligence

BN el ™

WS: WP1 Weather WP2 Power WP3 Applications Deliverable #, Due Collaboration

Data science and artificial Report or paper D2.3 / M30
intelligence (WP3

/'

Data-driven decision-making undegssisk and uncer
(e.g., deeb learning with heterogeneous data artiffeial intelligence (e.g., reinforcement learning
for optimization) techniques. WP3 will admin S and™will collect success cases of application in the
forecasting and decision-making domain of wind forecasting, and study different paradigms for
integrating uncertainty, data science and Al, such n-in-the-loop decision making, digital twins for
decision support, interactive machine learning, etc. Fi rust and security of data-driven methods will be a
topic of analysis, in particularly considering industry requirements for integrating new technologies in their
business processes. For meteorologists, the numerical weather prediction models change faster than the
climate. How can the local adaption or some kind of Al adapt to this without running a new and old model in
parallel for a long time? To shorten this parallel time would free up some effort to be used somewhere else.

being augm@mieel with advances in data science

D 2.3: Report and conference papers on techniques to optimize the use of
data science/Al tools for the forecasting of energy-application variables (M30)



WS Privacy, Data Markets and Sharing

WS: WP1 Weather WP2 Power WP3 Applications Deliverable #, Due Collaboration
Privacy, data markets Workshop / Paper D3.5/M15 ESIG, IEEE WG Energy
and sharing (WP3) Data format standard Forecasting

The transformation of the energy system towards a carbon free generation, and the EU strategy
for Common European data spaces that will ensure that more data becomes available for use in
the economy and society, requires new policies for data sharing (monetary and non-monetary
incentives) and privacy, but also developments of regulatory frameworks and data market
designs. This will cover different use cases, such as forecasting and operation & maintenance of
wind power plants, where data sharing across the energy value chain can bring benefits for
multiple stakeholders (e.g., improved predictability, reduced O&M costs, improvement of turbine
component reliability, etc.). The Task also develops its own APIl, to become a common open-
source framework, standardised across vendors, and looks into other data transfer issues.

D 3.5: Summary of use cases, such as forecasting and operation &
maintenance of wind power plants to show benefits of data sharing across

the energy value chain (M15) 128 (‘
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WS Value of Forecasting

WS: WP1 Weather WP2 Power WP3 Applications Deliverable #, Due Collaboration
Value of forecasting Paper D3.4/M33
(WP3)

Without value for the end users, there wouldn’t be a market for forecasts. The
incremental value of increase accuracy is though much harder to assess. The value
proposition is though quite country and market specific. Therefore, we will analyse
different market structures w.rt. to the regulatory framework, the amount of
renewable power in the system (i.e. whether it is a price taker or price maker), the
possibilities for gaming and the implications of gaming for the system.

D.3.4: Documentation and communication of the assessment of the value of
probabilistic forecasts in selected markets, bidding strategies (M24)
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WS Forecasting in the Design Phase

WS: WP1 Weather WP2 Power WP3 Applications Deliverable #, Due Collaboration

Forecasting in the design Task 50 (hybrids), PV
An assessment of the expected forecasting accuracy for a given site was

already investigated for a single case in Europe. However, since then it has
been quiet.

O Case in Denmark analyzed during SafeWind project

The new Task will analyse the tradeoffs between normal siting of the
turbines, and the forecast capability type.

151 (‘
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Summary Forecasting for the Weather Driven Energy System

e Relaunch of Task 36

* Framework conditions changed since first phase of Task 36: RES is not small
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, ...)

Data markets coming into focus

4 public workshops: State of the art, Seasonal Forecasting (2023), Minute
Scale Forecasting (2024) and Extreme Power System Events (2025).
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www.lEA-Wind.org/task-51 or
www.lEAWindForecasting.dk

Gregor Giebel Caroline Draxl
Frederiksborgvej 399, 4000 Roskilde, DK Golden (CO), USA
grgi@dtu.dk caroline.draxl@nrel.gov

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.

Technology Collaboration Programme
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