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Timeline

e First phase 2016-2018.
e Phase Il content currently under discussion.
e To run from 2019-2021.



Minute scale forecasting

e How to use Lidars, Radars or e Slides available from
SCADA for very short term workshop website
forecasts

e Complete workshop on
YouTube.

e 30 sec—15 min.
e Workshop at Risg last week.
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e Complete workshc
YouTube.
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WP1 Meteorology

Lead:
e Helmut Frank, DWD
e Will Shaw, PNNL

Mission:
To coordinate NWP development
for wind speed & power

forecasting a

iea wind
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WP1 Weather Prediction
Improvements

Task 1.1 Available Data Sets

Compile list of available data sets, especially from tall towers.

Lead

Helmut Frank
DWD, Deutscher

~ Task 1.1 Available Data Sets

» Task 1.2 List of Field Campaigns = Aim: NWP models need data to compare to, in turbine relevant heights \Wetterdienst
* Task 1.3 Common Test Data > 50-200 m.
WP2 Benchmarks » Task compiles list of data sets, especially masts.
WP?3 End Use « Partners: DWD, For\Wind, ZSW, Danish partners, PMML.
Please find a list of meteorological masts over 100m and their accessibility
below. If you know of more information, which could be used for wind
verification, please send a mail to Helmut Frank, DWD.
SITE NAME COORDINATES ~ ALTITUDE = TOWER = URL CONTACT DATA POLICY DATA
ABOVE HEIGHT FORMAT
ML
Cabauw, ML 4 926° E, -0.7m 200m www.cesar-observatory.nlfindex.php henk klein.baltinkigknmi.nl Cesar data policy netCOF
51.97° N
IJmuiden, 52 848°E, om 92 m www.meteomastijmuiden.nlfen verhoefi@ecn.nl
ML 3436°N Imeasurement-campaign/
Riss, DK 12.0887 E, om 125 m rodeo.diu.difrodeo Allan Vesth Ask nicely
55.694° N [ProjectOverview.aspx?&Project=58&
Rnd=975820
Bsterild, DK 12.088°E, am 250 m rodeo.diu.dkfrodeo Yoram Eisenberg Ask nicely
55.694° N [ProjectOverview.aspx?&Project=179&
Rnd=975820
Rizs, DK 12.088° E, om 125 m rodeo.dtu.dkfrodeo Allan Vesth Ask nicely
55.694° N [ProjectOvernview.aspx?&Project=5&
Rnd=975820
Ghetarild DK 17 Nac* E Nm SR m rndan i defrndan Yaram EFicanharn Ack nirelv

PERIOD

2000-04-01
to previous
month

since 2012

1985-11-20

2015-01-28

1995-11-20

SN1ERN41-98

OTHER

offshore North
Sea

Data measured
since 1958,
some months
breakin 2008.

Two 250m
masts in 4.3 km
distance, both
instrumented.

Data measured
since 1958,
some months
breakin 2008.
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WP1 Weather Prediction Task 1.2 List of Field Campaigns

Improvements

Creation of annual reports documenting and announcing field measurement

¥ Task 1.1 Available Data Sets S
programs and availability of data.

=~ Task 1.2 List of Field Campaigns

* Task 1.3 Common Test Data .
WP? Benchmarks Aim: to find new data useable for further NWP development, and to
coordinate new measurement campaigns (e.g. Mew European Wind
WP3 End Use Atlas, WFIPZ2).

+« Partners: DWD, PHNML, DTU

Aprl 12, 2017

Helmut Frank (DWD), Will Smith {(PNNL), Joel Cline (DoE)

Field measurement programs in 2016
Introduction

In IEA Wind Task 36 no experiments are made to compare Numerical Weather
Prediction (NWP) models with observations. However, there are work packages
trying to foster this comparison. Therefore, we compile a list of experiments
which are particularly relevant for wind energy forecasting. We try to give a short
description of the experiments and some information on the data.

Major Field experiments in 2016

Co-lead

SHARE » f

Helmut Frank
DWD, Deutscher
Wetterdienst

Will Shaw
Pacific Morth-West
Mational Laboratory
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Task 1.2 List of Field Campaigns Lead
Creation of annual reports documenting and announcing field measurement Helmut Frank
programs and availability of data. DWD, Deutscher

Wetterdienst
.
Aim: to find new data useable for futher NWP development, and to
coordinate new measurement campaigns (e.g. New European Wind
Atlas, WFIP2). Co-lead
« Partners: DWD, PNMNL, DTU

April 12, 2017

Will Shaw
Pacific North-West
MNational Laboratory

Helmut Frank (DWD), Will Smith (PNNL), Joel Cline (DoE)

Field measurement programs in 2016

Introduction

In IEA Wind Task 36 no experiments are made to compare Numerical Weather
Prediction (NWWP) models with observations. However, there are work packages
trying to foster this comparison. Therefore, we compile a list of experiments
which are particularly relevant for wind energy forecasting. We try to give a short
description of the experiments and some information on the data.

Major Field experiments in 2016

Wind Forecast Improvement Project 2 (WFIP 2)
in Complex Flow

WEFIP 2 (http:/fwww.esrl.noaa.gov/gsdirenewable/wfip2. html) aims to improve
NOAA's short-term weather forecast models and increase understanding of
physical processes such as stability, turbulence, and low-level jet that affect
wind energy generation in regions of complex terrain, such as coastlines,
mountains, and canyons. The experiment takes place in the Columbia River

mountains, and canyons. The experiment takes place in the Columbia River
Gorge area in the northwestern USA. The terrain includes mountains, canyons,
and coastlines, and experiences a variety of complex flow including frontal
passages. strong cross-barrier flow. mountain waves, topographic wakes,
convective outflow, and marine pushes.

The field campain started in fall 2015 and lasts 15 to 18 month running through
the whole year 2016. Measurement instruments include Lidar, Sodar, wind
profiler, surface meteorological stations, microbarographs, microwave
radiometers_ Partners are Vaisala, ESRL, PNML, University of Colorada, NOAA,
ARL, NREL. Measurements are taken by Vaisala, Project data are archived at
the PNNL Data Archive and Portal (DAP)_https /2
a lot of data is free after registration at hitps

Experiments in the New European Wind Atlas
(NEWA)

The New European Wind Atlas (NWEA, hitp://www neweuropeanwindatlas eu/)
will create a freely accessible wind atlas for Europe. To validate the models
used for this project it includes several atmospheric flow experiments. An
overview of the experiments is given by Mann et al (2017). The experiments
employ Doppler Lidar systems to or replace mat | | masts.
At the latest by the end of the New European Wind Atlas project all data will
become freely available for the scientific community.

The coastal experiment RUNE (Floors et al, 2016) took place from November
2015 to February 2016 at the Danish west coast to measure offshore flow by
wind lidar systems. It was followed by an experiment to investigate flow over
heterogeneous roughness with horizontally scanning wind lidars. This
experiment took place at the DTU test station for wind turbines at @sterild

northem Jutland, Denmark

In another experiment, a ship-lidar system developed by Fraunhofer WES, ie.
a Doppler lidar device installed on a vessel and supplemented by a motion

i i EdlE | EEly dbbBasiits Wil atids Ul LAY T validat = s TAAsts
used for this project it includes several atmospheric flow experiments. An
ovenview of the experiments is given by Mann et al {(2017). The experiments
employ Doppler Lidar systems to supplement or replace meteorological masts.
At the latest by the end of the New European Wind Atlas project all data will
become freely available for the scientific community.

The coastal experiment RUNE (Floors et al, 2016) took place from November
2015 to February 2016 at the Danish west coast to measure offshore flow by
wind lidar systems_ It was followed by an experiment to investigate flow over
heterogeneous roughness with horizentally scanning wind lidars. This
experiment took place at the DTU test station for wind turbines at @sterild
(http:/ 7

northern Jutland, Denmark.

u_dk/r Ie

In another experiment, a ship-lidar system developed by Fraunhofer IWES i e
a Doppler lidar device installed on a vessel and supplemented by a motion
monitoring and correction unit, is deployed to measure the wind along a regular
ferry route between northern Germany and the Baltic countries across the
Baltic Sea. A two-month test campaign took place in summer 2016 with
measurements from the ferry between Bremerhaven and the island of Helgoland
in the German North Sea.

Flow over forested rolling hills is investigated by the experiment in

Hornamossen in south-central Sweden from April to July 2016. The site

includes a variety of heterogeneisties in topography, land cover and forest

height. Measurement are taken at a 180 m mast, several SODAR and two lidar
includes a variety of heterogeneisties in topography. land cover and forest

height. Measurement are taken at a 180 m mast, several SODAR and two lidar
systems.

Another experiment to measure flow over a forested hill is the NEWA Kassel
Experiment from August to December 2016 in central Germany. The
experiment is centered around a 200 m tall tower on the Rédeser Berg. This
tower is equipped with sonic and cup anemometers at several heights. In
addition up ta 11 long-range WindScanners, 8 wind profilers, and another 140 m
mast measure the mean flow and turbulence. A predecessor was the Kassel
2016 Experiment (Pauscher et al, 2016).

Field experiments in 2017
WFIP 2 continues into 2017

In February 2017 the main campaign of the ship-lidar experiment of Fraunhofer
IWES within NEWA started on the route between Kiel, Germany. and Klaipeda,
Lithuania.

The big NEWA experiment will be the campaign in Perdigao, in central
Portugal from January to June 2017. Several US universities and research
institutes will join several European groups for this experiment. Serra do
Perdigdo is formed by two parallel ridges with Southeast-Morthwest orientation,
separated by circa 1.5 km, 4 km long and 500-550 m tall at their summit. A
preparation for the large Perdigde experiment took place in May-June 2015 (see
Mann et al., 2016).
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Project list

Wind power prediction project list

This list shows a large number of (mosthy publically funded) research projects in

short-term forecasting of wind power. The list is incomplete, as the emphasis

was a) on current projects, and b) on projects collected from the Task
participants. Even so, the list contains research projects from the last two

decades worth 46 M€, with 32 ME public funding, though not all of this can be

attributed to forecasting (e.g. the IRP Wind or RAVE projects).

If you have additions or comments, please send them to the operating agent,

Gregor Giebel (grgi fat/ dtu.dk).

Country

DE

EU

Project acronym

gridcast

InteGrid

Full title

Increasing
supply reliability
by using flexible
weather and
power forecast
models based
on stochastic
and physical
hybrid methods

Demonstration
of INTElligent

Sponsor

German Federal
Ministry of
Economic Affairs
and Energy
(BMWI)

European
Commission

Total | Funded

B MESSEME

145 MEN11.3 ME

SHARE » f

Start - end date

Apr 2017 — Mar
2021

1 Jan 2017 - 30
Jun 2020

Participants (IEA
Task 36
members in
bold)

Fraunhofer
IWES, German
Weather
Service,
Amprian,
TenneT, 50Herz,
TransnetBW,
Innogy, Metze
BW EnBW,
Enercon

EDP Distribuicio
(Coordinator),
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Lead:
Pierre Pinson, DTU Elektro

Jakeb-Messner DTU-Elektro
Bri-Mathias Hodge, NREL
Caroline Draxl, NREL



https://share.dtu.dk/sites/IEAWindForecast_140650/Participant%20Images/NWTC127.JPG.jpeg

WPz Benchmarks *

Home @

Topics

WP1 Weather Prediction
Improvements

WP2 Benchmarks

* Task 2.1 Best Practice

¥ Task 2.2 Evaluation Protocol
¥ Task 2.3 Uncertainty

= Task 2.4 Test Cases

WP3 End Use

Task 2.4 Test Cages

Task 2.4 Test Cases

Set-up and dissemination of benchmark test cases and data sets.

Aim: Set-up and dissemination of benchmarks.

+ Partners: DTU Elektro,
Smartwatt, Prewind, PMML.

MAME TYPE OF DATA

RE-Europe Simulated
aggregated
generation and +1
to +91 hour
forecasts for 1494

European regions
based on ECMWF
and COSMO
analysis and
ECMWF forecast
data

MEEL WiMD

b e L

Simulated

nnnnnn N L |

DTU Wind Energy, EDF,
AREA PERIOD
Europe 2012-2014
us 2007-2013

INESC  TEC,

TEMPORAL
RESOLUTION

1 haur

5 min

Contact

Lead

SHARE » f

Jakob Messner
Postdoc

DTU Electrical
Engineering

+45 4525 3506

Pierre Pinson
Professor
DTU Electrical
Engineering

+45 4525 35 41

»a wind
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WP1 Weather Prediction Task 2.4 Test Cases Contact Additicnal informatien:
Improvements RE-Europe:
WP2 Benchmarks Set-up and dissemination of benchmark test cases and data sets. Jakob Messner Full data set can be downloaded as zipile. Generation signals and forecasts
Postdoc and meta data on location and aggregation are stored in csv-files. Additional to
» Task 2.1 Best Practice * k E:;iz?:;a‘ wind power data the data set includes solar generation and power load data.
» Task 2.2 Evaluation Protocol Aim: Set-up and dissemination of benchmarks. +45 4525 35 06 More information can be found on hitps://zenodo.org/record
» Task 2.3 Uncertainty « Partners: DTU Elektro, DTU Wind Energy, EDF, INESC TEC, {35177 WagmNAzclFmB. Data policy: Creative Commons Attribution-
et esee Smartwatt, Prewind, PNNL. NonCommercial 4.0.
WP3 End Use
NAME TYPE OF DATA AREA PERIOD TEMPORAL Lead NREL WIND Toolkit:
RESOLUTION
Pierre Pinson
—_— :\m:at:‘:d Europe 20122014 | 1 hour gﬁeé;znca\ to Analysis & Downloads, choose either Wind Resource Data Download (Puoint)
gziefmn and +1 E:E?I::Zr::fs » or Wind Resource Data Download (Box) and select points on the map for which
10 +01 hour you want data. A configuration window will pop up where you have to supply
forecasts for 1494 your contact data and can select the data sources. After your query has been
European regions processed you will get an email with a download link. Forecast data can only
based on ECIWF be accessed through a specizl request.
and COSMO
:;mﬁr::::ast NREL Western and Eastern Wind Integration data sets:
data see NREL WIND Toolkit
NREL WIND Simulated us 2007-2013 5 min GEFCom 2012:
oo iet:e;:t:;:::uﬂr‘ The full data set can be downloaded as supplementary data of the paper
w:m;1 and power httpe/fwww sciencedirect. com/science/article/pii/S0169207013000745. Wind
forecasts for power measurements are found in windpowermeasurements.csv and forecasts
for the different wind farms are stored in separate files windforecasts_wf*.csv.
NREL Simulated us 2004-2006 | 10 min Further information can also be found on hitps /fwww kagale com/c/GEF2012-
Western and generation for \,\rmd-furecastmg.
Eastern 1326 (Eastern) +
Wind ! 32042 (Western) GEECom 2014:
% :i;;:igﬁ;im The full data set can be downloaded as zip file from https /fwww dropbox com
For Eastern data /s/pgenrr2mevi0hk9/GEFCom2014 zip?dl=0. Wind power data can be found in
setalso 4 hour & GEFCom2014-W_V2 zip Task 15/ Task 1 - Task 14 are just subsets of Task
nour and day 15. More information can be found on htto://www.drhongtao com/gefcom/2014
ahezd forecasts or http://blog.drhongtao. com/2016/07/datasets-for-energy-forecasting.html and
GEFCom Observed unknown = 2009-2012 1 hour the links there.
2012 generation and +1
10 +43 hour AEMO:
ECMWF wind The Australian Energy Market Operator (AEMO) provides generation data from
forecasts for 7 a number of generation units. Wind power data can be found on
windfarms https:/fwww aemo.com.au/Electricity/National-Electricity-Market-NEM/Data
GEFCom Observed unknown | 2008-2012 | 1 hour {Market-Management-System-MMS/Generation-and-Load in both, the Actual
2014 generation and +1 Generation and Non-Scheduled Generation data sets. Information on wind farm
to +48 hour location and capacity can e g., be found on hittps //benjaminjweise carto com
ECMWF wind /tables/aemo_wind_plants/public. An already prepared data set for 2012-2013 is
f°_’553515 for? available at https-//pure strath ac ul/portal/en/datasets/australian-electricity-
windfarms market-operator-aemo-5-minute-wind-power-data(9e 1d9b96-baa7-4f05-93bd-
el Generation data Australia | 2005 5 min 99c5ae50b141) html. Data policy: https://www aemo.com.au
from various {Privacy_and_L egal_Notices/Copyright_Permissions_Motice

Australian wind

farms Status: Wed May 10 11:24:11 2017, Jakob W. Messner, DTU. i i |

Updated by Gregor Giebel on 10 May 2017



IEA Task 36 WP2.1

FORECAST SOLUTION SELECTION AND TRIAL/BENCHMARK EXECUTION

e Purpose:

— Develop a global industry reference
document to assist companies,
governments, academics on how to select
a forecast provider and conduct a
benchmark or trial

— Document best practices to yield a
forecast that will provide the most value
to the end-user

— Ultimately, reduce renewable energy
integration costs

linitial forecast system plan without

{ yes established IT infrastructure ?

>

Y

Internal analysis of the IT infrstructure built u
. / p for
reqmrernentr:.\ yes multiple vendors ?
/ ea, \J
Long term Short term Complexity level high ? yes
plan plan ! ¢
no
RFP:
l l v Forecast Type & Method
Time constraints » Requirement list from
Run a full-scale + establish basic for selection/ —= implementation or past
pllot project: requirements contract rience
involve all + start with an Vendor capabilities
departm nts interim system » Check experience: staff
+ involve external with 1 vendor Purpose selection »  CV, references
partjes, | + Selection through of new vendor . up mlnnne[
stakeholders etc. a RFI | oentn
+ Establish system + Collect experience ‘""ﬂ . evaluul:e urvlnel.
requirements + Set interim system 2 Price versus value
+ Consider pilot and up 18-24 months Trial Benchmark 2Support structure
interim solution and plan for long- : < Redundancy structure
' term after appox. = Escalation structure
Y 12 months
IT system + 4
established in pilot ?
Establish IT system
i yes [ro . in accordance to [ [ yes
1 requirements and Y Y
experience
= Vendor selection / ”
i contract award

DECISION SUPPORT TOOL




IEA Task 36 WP2.1

FORECAST SOLUTION SELECTION AND
TRIAL/BENCHMARK EXECUTION

e June 2018 Status:

— First draft developed with

input from experts in the
field

— WP2.1 Lead presented and
received feedback from IEA
ExCo in May 2018

— Further input being solicited

Final Draft

Incorporate
Feedback

Solicit
Feedback

Draft
Objectives

Expert
Contributions

Draft

Document

ExCo

iea

ind



IEA Task 36 WP2.1

FORECAST SOLUTION SELECTION AND TRIAL/BENCHMARK E

e Content Examples:

— Decision Support Tool to find best path for
appropriate solution

— Summary trial/benchmark checklist for all
end-users

— Appendices with

* meta-, historical-, and real time-data
details to make communication more
efficient

e Forecast file format sample

e Questions to ask in RFI/RFP

— Detailed steps during the three main phases
of a trial: preparation, during, and post-trial

/’

/ Forecast Trial Checklist \

A

1 Wind Power Forecast Trial Checklist
2

--Preparation--
(] Determine outcomes / objectives
[J Consult expert with trial experience
O Establish timeline and winning criteria
1 Decide on live or retrospective trial
[ Gather metadata (use IEA checklist spreadsheet)
[ Determine if adequately resourced to carry out
O Obtain historical data
O Invite Forecast Service Providers
O Distribute historical and meta-data
O Allow two weeks Q&A prior to trail start
[J Begin Trial

--During Trial--
[ Develop validation report
O Check interim results
[ Provide interim results (if no live data being provided)
O End Trial

--Post Trial--
O Provide final results
1 Notify winner(s)
[J Contract with winner(s)
O Start Service

/

Purpose: To efficiently set up site-specific wind power forecast, this checklist should be filled out as best as it could with available informaiton. This

QUESTIONS

'will expedite forecast configuration and save back and forth communication time. Please note the comments in the corner of the cells.

ANSWERS

3
4
5
6

[Metadara Chegkli

7 Name(s) of sites as needed in datafile:

|Acme Wind Farm

Latitude and longitude coordinates of sites? Attaching or copying
the turbine as-built locations to another worksheet will be
8 sufficient here.

42.3523, -121.3282

9 Nameplate capacity of each site:

62.5 MW

10 Will a web tool be needed?

Yes

11 Turbine make/model/rating: GE:GE2.5-100
12 Number of turbines: |25

13 Hub height of turbines? 95 meters

14 Please provide a suitable plant power curve attached

15

16 Value of C

17 Which variables will be forecasted and validated? |Power (MW)
18 Which forecast horizon(s) are being verified? 24-48 hours

19 Which metrics are being used to gage performance?

RMSE

If head-to-head trial competition, what are the criteria for determining

|Lowest RMSE and price

20 winning forecast provider?

PN WIND Sample Forecast File | 4

iea wind



Recommended Practice on
Forecast Solution Selection

iea wind . .
iea wind
EXPERT GROUP REPORT EXPERT GROUP REPORT
ON
ON

RECOMMENDED PRACTICES FOR SELECTING RENEWABLE

RECOMMENDED PRACTICES FOR SELECTING RENEWABLE POWEF POWER FORECASTING SOLUTIONS

FORECASTING SOLUTIONS

Part 2: DESIGNING AND EXECUTING FORECASTING
BENCHMARKS AND TRIALS

Part 1: FORECAST SOLUTION SELECTION PROCESS

1. EDITION 2018
1. EDITION 2018

Submitted to the Executive Committee of the Intemational Energy
Agency Implementing Agreement
on 1% May 2018

Submitted to the Executive Committee of the International Energy Agency Implementing

Agreement on ...

Prepared as part of the IEA Task 36, WP 2.1.

Edited by: Corinna Méhrlen, Gregor Giebel, Jakob Messner, Jeff Lerner,
braig Collier Edited by: Jeff Lemer, Corinna Mohrlen, Gregor Giebel, Jakob Messner,

Jethro Browell|

Prepared as part of the IEA Task 36, WP 2.1.
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EXPERT GROUP REPORT

ON
RECOMMENDED PRACTICES FOR THE IMPLEMENTATION OF
WIND POWER FORECASTING SOLUTIONS

Part 3: Forecast Solution Evaluation
1. EDITION 2018

Submitted to the Executive Committee of the Intemational Energy Agency
Implementing Agreement
on 1* May 2018

Prepared as part of the [EA Task 36, WP 2.1.

[Edited by: Corinna Méhrlen, Gregor Giebel, John Zack, Craig Collier, Aidan Tuohy,
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15th Int. Workshop on Large-Scale Integration of Wind Power
into Power Systems as well as on Transmission Networks for
Offshore Wind Farms, Vienna, 15 - 17 November, 2016

15th Int. Workshop on Large-Scale Integration of Wind Power into Power Systems, Vienna, Nov. 2016

Use of Forecast Uncertainties in the Power Sector:
State-of-the—Art of Business Practices

C. Mohrlen*, R. J. Bessal, M. Barthod?, G. Goretti® and M. Siefert!
*WEPROG ApS, Assens, Denmark, Email: com@weprog.com
TINESC TEC, Porto, Portugal, Email: ricardo.j.bessa@inesctec.pt
lmeteo*swift, Toulouse, France, Email: morgane.barthod@meteoswift.com
$Dublin Institute of Technology, Ireland, Email: gianni.goretti@mydit.ie
YFraunhofer IWES, Kassel, Germany, Email: malte.siefert@iwes.fraunhofer.de

Abstract—The work we present is an investigation on the
state-of-the-art use of forecast uncertainties in the business
practices of actors in the power systems sector that is part of the
“IEA Wind Task 36: Wind Power Forecasting”. The purpose of
this task is to get an overview of the current use and application
of probabilistic forecasts by actors in the power industry and
investigate how they estimate and deal with uncertainties. The
authors with expertise in probabilistic forecasting have been
gathering information from the industry in order to identify
the areas, where progress is needed and where it is difficult to
achieve further progress. For this purpose, interview questions
were compiled for different branches in the power industry
and interviews carried out all around the world in the first
six months of 2016. At this stage, we present and discuss
results from this first round of interviews and draw preliminary
conclusions outlining gaps in current forecasting methodologies
and their use in the industry. At the end we provide some
recommendations for next steps and further development with
the objective to formulate guidelines for the use of uncertainty
forecasts in the power market at a later stage.

I. INTRODUCTION

The relevance of forecast uncertainties for wind power
and other renewable energies grows as the penetration of
these sources in the energy mix increases. Once a certain
level of penetration is reached, ignoring the reliability of

faranncte nat anlu hanAamac avhanciva in tarme of racarva

roughly goes with wind speed to the power of three, and
small errors and uncertainties are thus amplified and have an
even higher impact compared to wind speed uncertainties.
Weather development associated with fronts moving over
large areas where wind is increasing rapidly over a short time
are the most critical situations for a balance responsible party
or a transmission system operator (TSO): it is under these
circumstances that a deterministic forecast may be strongly
incorrect and suppress steep ramping that can cause system
security issues as well as large imbalances. Translated in
the market, it means that there can be a sudden lack of
power during a down-ramping event or too little flexible
power that can be down-regulated fast and efficiently, which
then results in curtailment. As long as the penetration level
of wind is below 20% of generation, such uncertainty can
usually be dealt with with a reasonable amount of reserves.
As penetration increases, or in the case of island grids or
badly interconnected grids, reserves and ancillary services
grow above a desirable level.

In order to get an understanding of the current state of
use of uncertainty forecasts and to find the gaps in the
understanding of uncertainties and the associated forecasting
tools and methods, we have been carrying out a study with

a namhinatian Af Aanactiannairac and intamiawre  srhinh sl
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Use of probabilistic forecasting

Open Access journal paper "”‘”‘85‘?5 ey
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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.
Source: http://www.mdpl com/1996—1073/10/9/1402/ Deherm.inig'i}c fcrzlzasts amjsgill predumiI:'.ant in utility practice although tEuly optimal dea%igns 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 towards 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 . O w l n d
specific wind energy-related user requirements; (i) a multidisciplinary team is required to foster the 4
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/

] = ITIS IN THE NATURE OF CHAOTIC ATMO-
h Y
Predl(—'tlon MO(IE' It" spheric processes that weather forecasts will

. never be perfectly accurate. This natural fact
Designed to - s : Rate life, publ

poses challenges not only for private life, public
% ae - e = safety, and traffic but also for electrical power
Prevent Significant : " alicsepend
Errors

systems with high shares of weather-dependent
wind and solar power production.

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 (o become indispensable tools for
many stakeholders in the energy economy. Driven
by increased prid stability requirements and mar-
ket forces, forecast systems have become tailored
to the end user's application and already perform
reliably over long periods. Apart from a residually
moderate 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 10 prepare W take spe-
cial actions (o ensure grid stability.

By Jan Dobschinski,

Ricardo Bessa, Pengwei Du,
Kenneth Geisler,

Sue Ellen Haupt,

Matthias Lange,

Corinna Mohrlen,

Dora Nakafuji, and

Miguel de Ia 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 commeon: they rely on numeri-
cal weather predictions (NWPs) to calculate the
expected RES power production. The way o
transform weather predictions into power fore-
casts depends crucially on the end user's appli-
cation and the available plant confipuration and
measurement data. If historical measurements are
available, forecast model developers often use
statistical and machine-learning techniques 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

Uncertainty
For e(_astmg
in a Nutshell

DOI: 10.1109/MPE.2017.2729100

Diplial OBjest Idemtifter 10.1100/MPE. 2017, 17280 00
Dte o pablication 18 Sctaber 2077

of RES units, the transformation of weather to .
power is oflen accomplished by physically based . o w l n
models that consider the unit’s parameters o map 4

the internal physical processes.

IEEE power & energy magazi 1540-797 7/ 17 C2017 IEEE
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Webinars to inform users about outcomes of
task

Watch this space!
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Data Science for Environmental
Modelling and Renewables
- A Massive Open Online Course -

PRESENTATION SLIDES
ESIG Forecasting Workshop

Session 8
Jethro Browell

(presented by Corinna Mdéhrlen)
June 2018
St. Paul, MN, USA

supportedby |@ () Wind




 University -

University of ;Xk
QfGlangW Strathclyde
Glasgow

—

Data Science for Environmental

Modelling and Renewables
A Massive Open Online Course
6 Weeks, Equivalent to 5 ECTS Credits Funded by:

Hosted on: FUtU re
Learn

Course Outline

Week 1: Introduction

Week 2: R Bootcamp

Week 3: Patterns in temporal data

Week 4: Patterns in spatial, spatio-temporal and network data
Week 5: Open data, Citizen Science and Twitter

Week 6: Wind and Solar Power Forecasting

supportedby  |@C) Wind



Week 6: Wind and Solar Power

Forecasting
By the end of the week participants will be able to:

®  Explain the principles of numerical weather
prediction and make informed use of such data

®  Produce basic deterministic and probabilistic
wind and solar power forecasts

® Explain and apply the principles of forecast
evaluation

e

Universit
of Glasgo%

Strathclyde

Glasgow

Video Content

30-60 Minutes of video comprising a short lecture and
interviews with forecast users.

Content Pages
1.

10. Best Practice for Users of Commercial Forecasts

©WNO MW

Overview of the model chain: NWP -
Physical/Statistical Model - Use and Evaluation
Numerical Weather Prediction: Basic Principles
Tools and methodsin R

Deterministic Wind Power Forecasting
Principles of Deterministic Forecast Evaluation
Deterministic Solar Power Forecasting
Introduction to Probabilistic Forecasting
Producing Probabilistic Forecasts

Principles of Probabilistic Forecast Evaluation

supportedby |@ Q) Wind



Website: www.ieawindforecasting.dk

SITE IEA WIND

RELATED PROJECTS

IEA Wind 03 June 2016

Questionnaire on State of the

* IEA Wind Task 25 - Large-sc... art...

* IEA Wind Task 31 Wakebench

18 May 2016
10 June 2016: IEA Wind Task
> EWeLiNE ..
- WFIP2 18 May 2016

9 June 2016 Workshop in

Barcelona
' New European Wind Atlas

18 May 2016
8 June 2016 Potentially sub-
task...

Source: Red Electrica de Esparia

Wind power forecasts have been used operatively for over 20 years. Despite
this fact, there are still several possibilities to improve the forecasts, both from
the weather prediction side and from the usage of the forecasts. The new
International Energy Agency (IEA) Task on Forecasting for Wind Energy tries to
organise international collaboration, among national weather cenires with an
interest and/or large projects on wind forecast improvements (NOAA, DWD, ...),
operational forecaster and forecast users.

The Task is divided in three work packages: Firstly, a collaboration on the
improvement of the scientific basis for the wind predictions themselves. This
includes numerical weather prediction model physics, but also widely distributed
information on accessible datasets. Secondly, we will be aiming at an
‘g/task_25.html i international pre-standard (an IEA Recommended Practice) on benchmarking

iea wind



Discussion

&

Recommended Practice on
Forecast Solution Selection



1. Forecast Value

1A. For end users: how do you value forecasts, and do you consider costs vs. benefits of forecasting when making
decisions on forecast solution selection?

1B. How is the value of forecasting and value assessment evolving as wind and solar penetrations continue to get
even higher?

- Have people in very high penetration areas noticed that there is a change in emphasis away from
traditional metrics to other measures of forecast value?

1C. What examples are there of regions where the incentives to improve forecasts are there such that end users
are willing to pay more for targeted or improved performance? In other words, are there examples where the risks
are put on the appropriate entity such that there is quantified incentive to improve forecasts?

iea wind



2. Forecast Solution Selection

2A. Which information do end-users/consultants feel they are missing when they start looking for forecasting
solutions?

2B. How important is the relationship between end-user and forecaster in the changing environments? How much
are end-users engaging with forecasters to find new solutions?

2C. What is the experience with met measurements and their value in forecasting solutions?

iea wind



3. Assessing Forecast Performance

3A. What are the most challenging points in the verification of forecasts from end-users and forecaster’s
perspective:

Would a public verification platform and/or public code be welcomed (e.g. IEA wind forecast benchmark) ?
What are the challenges when interpreting statistical metrics with business values?

3B. What are the most challenging points in the evaluation of forecasts methodologies - from end-users and
forecaster’s perspective:

How much interest do forecast users have in understanding forecast methodologies and their relative
performance?

Would specific test cases that forecasters supply their results to be sufficient as a test of methodologies?

How should theoretical information be accessible (public reports, peer reviewed journals, technical
documentation, standard, guideline) ?



4. Best Practices and Standards

4A. What kind of documentation format (standard, guideline/recommended practice/technical report form, fact
sheets (short), etc...) do end-users/consultants wish to have in order to have objective guidance for:

e pre-selection or qualification of forecasting solutions
e evaluation and verification of forecast performance
e design and execution of trials and benchmarks

4B. What is most needed in terms of standardization from an end-user's perspective and a forecaster's
perspective?

4C. Other than metrics and data, are there other areas that could be suitable for standardization?

4D. How do we get the word out to the industry at large about the existence of the IEA documentation?

4E. How do we insure the greatest likelihood of industry adoption of the best practices documentation? e.q.,
Conferences, Publications, Social Media? Others?



Discussion points

1. Forecast Value

2. Forecast Solution Selection

3. Assessing Forecast Performance

4. Best Practices and Standards

<
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TORQUE 2016

Munich, Germany, 5-7 October

The Science of Making Torque from Wind (TORQUE 2016) IOP Publishing

Journal of Physics: Conference Series 753 (2016) 032042 doi: 10.1088/1742-6596/753/3/032042

Wind power forecasting: IEA Wind Task 36 & future research issues

G Giebel?, J Cline?, H Frank®, W Shaw*, P Pinson®, B-M Hodge®, G Kariniotakis’, ) Madsen® and C Méhrlen®  Wind power forecasting: IEA Wind Task 36 & future
Published under licence by IOP Publishing Ltd research issues

Journal of Physics: Conference Series, Volume 753, B. Wind, wakes, turbulence and wind farms

G Giebel, J Cline’, H Frank’, W Shaw”, P Pinson’, B-M Hodge®, G Kariniotakis',
J Madsen® and C Méhrlen®

'DTU Wind Energy, Riso, Frederiksborgvej 399, 4000 Roskilde, Denmark

? Department of Energy. Wind and Water Power Program, 1000 Independence Ave.
SW, Washington DC 20585, USA

3 Deutscher Wetterdienst, Frankfurter Str. 135, D-63067 Offenbach, Germany

4 Pacific Northwest National Laboratory, 902 Battelle Boulevard, P.O. Box 999, MSIN
K9-30, Richland, WA 99352 USA

*DTU Elektro, @rsteds Plads, 2800 Kgs. Lyngby, Denmark

8 National Renewable Energy Laboratory. 15013 Denver West Parkway. MS ESIF200,
Golden. CO 80401. USA

'MINES ParisTech. PSL Research University. Centre PERSEE, CS 10207, 1 Rue
Claude Daunesse, 06904 Sophia Antipolis Cedex. France

¥ Vattenfall AB, Jupitervej 6, DK-6000 Kolding. Denmark

’ WEPROG Aps, Willemoesgade 15B, 5610 Assens

E-mail: grgi@dtu.dk

Abstract. This paper presents the new International Energy Agency Wind Task 36 on
Forecasting, and invites to collaborate within the group. Wind power forecasts have been used
operatively for over 20 years. Despite this fact, there are still several possibilities to improve
the forecasts, both from the weather prediction side and from the usage of the forecasts. The
new International Energy Agency (IEA) Task on Forecasting for Wind Energy tries to organise
international collaboration, among national meteorological centres with an interest and/or large
projects on wind forecast improvements (NOAA, DWD, MetOffice, metno, DMI, ...),
operational forecaster and forecast users.


http://iopscience.iop.org/journal/1742-6596
http://iopscience.iop.org/volume/1742-6596/753
http://iopscience.iop.org/issue/1742-6596/753/3

Collected Issues

Nowcast (especially for difficult situations, thunderstorms, small lows, ..

Sub 1 hour temporal resolution

Meteorology below 1km spatial resolution

Stability issues, especially with daily pattern / (Nightly) Low level jets
lcing

Farm-Farm interaction / quality of direction forecast

Short-term ensembles

Ramps and other extremes

Spatio-temporal forecasting

Rapid Update Models (hourly, with hourly data assimilation)

Use of probabilistic forecasts and quality of the extreme quantiles
Do DSOs need different forecasts than TSOs?

Penalties for bad performance? Incentives for improved perf.?
Seasonal forecasting? What's the business case?

Data assimilation (with non-linear Kalman filters, 4D Var, ...)

)

Red: Important research, but (to be) done elsewhere

Green: We work on at least some aspects

iea wind



5. Anticipated Changes in the Need/Value of
Forecast Information

5A. Which direction do end-users and forecasters expect for the next few years in terms of forecast time intervals
(1min, 5min, 10/15min, hourly, ...short-term, ultra-short-term) and long-term (7 days, 10days, 2 weeks ) - and what
do they expect is required to get there.

5B. How do we line up incentives to improve forecasts with the right end users, and how can they evaluate
different solutions from a cost/benefit perspective?

5C. How can the renewable energy forecasting community emphasize and work closer with the international
modeling centers to include energy forecast metrics in NWP model upgrades?



6. Measurement Data: Value and Access

6A. What is the experience at end-users regarding meteorological measurement requirements in the grid code - is
it important for the future with higher penetration levels or only in high-wind speed regions ? (End-user and
forecaster that have experience)

6B. Data sharing models to create historical resource data across renewable plant build-out areas. That is, creating
an open-source wind / irradiance database for benchmarking and/or new wind forecast setup.

6C. Related to above two topics: should there be an IEA Task 36 effort to setup a growing met tower data history
for wind forecasting improvements (R&D, industry, and NWP modeling center usage)?

iea wind



7. User Education

7A. To what degree should forecast user education be focused on practical issues such as forecasting solution
selection, value of different data inputs, relative performance of methods, evaluation protocols, etc.?

7B. How do we better educate end users on what is possible from forecasts? Rather than just giving them an end
result, how do we ensure they know the range of information (i.e. solutions) available to them?



Future topics for phase li a

5. Anticipated Changes in the Need/Value of Forecast Information

6. Measurement Data: Value and Access

7. User Education




Task meeting Friday

Tentative agenda: Regular Task meeting Friday,
08:30 Introduction (Gregor Giebel) here in the hotel

09:00 WP1 (Helmut Frank)

10:00 WP2, hereunder the Best Practice on
the Forecast Solution Selection Process.

11:30 WP3 (Corinna Mohrlen)
12:30 Lunch
13:30 IEC 63043 TR (Feng Shuanglei)

14:30 New topics for second round
(Gregor and WP leads) 3
16:45 AOB

17:00 Close of meeting iea wind

Streaming will be available.




Thank You!!

Gregor Giebel
DTU Wind Energy,

Frederiksborgvej 399, DK-4000

Risg
www.ieawindforecasting.dk orgi@dtu.dk

Cell: +45 4056 5095

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.
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