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Overview

* Background

o Whatis IEA Wind and Tasks 36 and 517

o The Problem: How to select and maintain optimal wind/solar forecast solutions
 Overview of the Recommended Practice (RP)

o Part 1: Selection Process and Data Communication

o Part 2: Benchmarking and trials

o Part 3: Evaluation

o Part 4: Measurement Handling

e Where to Get the More Information



Background Information




What is IEA Wind and Tasks 36/51?

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

» Sponsors Technology Collaboration Programmes (TCPs) on specific topics

Task 36: Forecasting for Wind Energy:

* Objective: facilitate improvements in performance and value of wind energy forecasts
* Phase 1 was active from 2016 to 2018

* Produced Version 1 of Recommended Practice for Selection of Forecast Solutions
* Phase 2 was active from 2019 to 2021

* Produced Version 2 of Recommended Practice for Selection of Forecast Solutions

Task 51: Forecasting for the Weather Driven Energy System
* Began in January 2022 and will be active for 4 years
* Broader perspective on forecasting applications but also continuing some Task 36

topics/activities
* We welcome additional collaborators in each of the Task 51 focus topics
More information: https://iea-wind/org/task36 and https://iea-wind.org/task51

Other IEA
Activities

Other TCPs
(e.g. solar,
hydro etc.)

Other RP for
Task 36 / Forecast

Tasfk,‘:fl Solutions
Activities



https://iea-wind.org/task36/task36-publications/task36-recommended-practices/
https://iea-wind.org/task51/

ieﬁd The Forecasting Solution Problem

 Documented Benefits:
o lower costs of variable generation integration into electric systems

o higher system reliability

* Problem:

o A substantial amount of the potential value of forecasting is not realized

due to the use of non-optimal forecast solutions by users W

18. Mar 20. Mar 22. Mar 24. Mar 26. Mar

o To Address this Issue: e o e
o International group of ~25 experts have interacted under the framework of
IEA Wind Task 36 over 5 years (2016-2021) to formulate a set of
recommendations that specify the “best practices” for selecting and
maintaining a renewable energy forecasting solution
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Overview of the RP - Version 2




The Result
| Recommended Practices for the Implementation of
iea wind Renewable Energy Forecasting Solutions

Target: Guidance for the optimal selection of renewable energy forecasting
solutions for a wide range of user types and applications

Result: Set of 4 documents specifying IEA Wind #1: Optimal
Recommended Practices for: Forecast Solution Selection

Selection of an Optimal Forecast Solution

#2: Benchmarks
& Trials

Design and Execution of Benchmarks and Trials
ecommended

Practice
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#3: Forecast
Evaluation

; IEA Wind
R

Evaluation of Forecasts and Forecast Solutions

Meteorological and Power Data Requirements for
real-time forecasting Applications

#4: Met/Power
Data Require-
ments

History: Version 1 published in 2019,
Version 2 accepted in Jan. 2022 - available since Feb. 2022
Published by Elsevier as an Open Access Book in Nov. 2022

Download: https://iea-wind.org/task51/task51-publications/task51-recommended-practices



https://iea-wind.org/task51/task51-publications/task51-recommended-practices/
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Part 1: Selection of an Optimal Forecast Solution

* Presents an overview of the factors that

should be considered in the solution (‘
selection process i
* Discusses the issues associated with each T ————
selection factor O ENEWART E ENERGY
i o ] FORECASTING SOLUTIONS
[ ) PrOVIdeS a ”deCISlon Support tool” to aSSISt - Part 1: FORECAST SOLUTION SELECTION PROCESS -

users in the design and execution of a
solution selection process

2. EDITION
Accepted by the Executive Committee of the International Energy
Agency Implementing Agreement in January 2022

* Provides practical lists and FAQ’s for the
RFI/RFP tendering process
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Part 1: Key Points

yes forecast system plan \x\ no
Y _ -established ITinfra-
3.3 Establish requirements list . Strucure? yes 3.6
by internal analysis )
T A
T T 3.7
-~ A | .
3.5 Long term 3.4 Short term C ?mpL?x;:V,'eYﬁ!_...--~--~"' yes
plan plan ——gh e

'

Run a full-scale
pilot project:

* involve all depart-
ments, vendors,
external parties,
stakeholders (3.3)

* Establish system
requirements (3.3.1)

* Consider pilot and
interim solution (3.8)

3.6
IT system
established

no

v

b ] » selection / contract award

in pilot ? ————»

'

Interim System/RFI

* establish basic
requirements (3.3.1)

* start with an interim
system with 1 vendor

* Selection through RFI

* Collect experience

* Setinterim system up
18-24 months and
plan for long-term after
appox. 12 months

(see APPENDIXA)

\J

Decision Support Tool

3.1Initial

3.21T

infrastructure

“~_ Intention: multiple
. vendors ?

e
.
.

Time ~

/ constraints for selection/ tiiﬁ-\

T—_ contract  ——
yes

3.8
Purpose: selection

~ of newvendor
yes T no

Benchmark

v \4

deterministic Probabilistic
forecasts

» 3.9 RFP/Tender:

,

3.9.1 Forecast Type & Method
3.3.1 Requirement list from
implementation/past experience
3.9.3 Vendor capabilities
* Check experience: staff CV,
references
3.9.3.3 Performance incentive
scheme
3.9.4 Service Evaluation:
3.9.4.1. Price versus value
3.9.4.2 Forecast performance
3.9.4.3 Solution Characteristics
3.9.4.4 Support structure
3.9.4.5 Redundancy structure
3.9.4.6 Escalation structure

Establish IT system
in accordance to
requirements and

experience (3.3)

;
I
|
\j

3.9.4 - 3.9.5 Vendor

v
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Part 1: Key Points

* Purpose:
o Recommendation to standardise timely and reliable data exchange and communication methods to

e Approach: Logical Data Layers

©)

O
O
O

Master data: Sites and Turbines/Solar units
Dynamic data:

Forecasts

Meta data

e Approach: Two levels of standards
O Level 1: A high-level description of the information

and data required to carry out operation and trials of

specific forecast solutions

o Level 2: A detailed specification of format and method

for the exchange of data between forecasting provider
and forecast user

Data Communication

implement and operate optimal forecast solutions for user applications

Logical layer

Master data Dynamic data Forecasts Meta data

Settlement

Sites data

Real-time

Forecast
Forecasts e
specification

measurement

Future
availability

Operational and historical

with permission from J. Lerner [IE= INIIFF €© FL @)

1

I
Level 1:
High Level / Std terms
v Data definitions: unambiguous documentation
v Data type definitions enumerated (e.g., metadata,

dynamic data)
v Data Exchange: multiple options (API, FTP)

Data field [Description [ vae T Gample
Power wn or the forecated vaiues?

1
Level 2:

Repeatable / Scalable

1t should bo the time tone o th

~~~~~

Level 1 Data standard

‘, Two-level approach captures most renewable energy forecast consumers and establishes or borrows

from common industry data model (object and classes) |

Slide provided by J. Lerner from ENFQR
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Recommendation:

* Decision support tool for design of customized forecast solution selection process

Remember: An optimal forecast solution needs careful formulation of the solution
selection process, consistent with problem size, available expertise and resources

 Data Communication for standard timely and reliable data exchange and
communication methods to implement and operate optimal forecast solutions for
user applications:
Level 1: A high-level description of the information and data requirements

Level 2: A detailed specification of both format and method for the exchange of data

Remember: A optimal forecast solution needs high-quality input data, consistent
and reliable in order to produce high-quality forecasts!
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* Presents the three phases of a forecasting
benchmark or trial

—Planning
— Execution
—Evaluation

e Discusses the factors and issues that should
be considered in each phase

* Provides a list of pitfalls to avoid

Part 2: Conducting a Benchmark or Trial

<
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RECOMMENDED PRACTICE
FOR THE IMPLEMENTATION OF
RENEWABLE ENERGY
FORECASTING SOLUTIONS

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

2. EDITION

Accepted by the Executive Committee of the International
Energy Agency Implementing Agreement in January 2022

Prepared by IEA Wind Task 36 and 51
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Issue: A benchmark or trial often fails to

provide meaningful information to the Specify the Select set of

solution selection process because it is forecast forecasts to
framework | | evaluate

poorly designed or executed and usually
requires more resources than planned!

Advice: use the recommended practices

@D guide and/or consult “unbiased” experts ?::t':z& | Eﬁﬂ:‘e set of
if you plan a benchmark or trial. delivery B ion

If it becomes an academic exercise, it’s performance approaches
expensive learning!
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* Presents the three key attributes of an
evaluation process

o Representativeness
o Significance
o Relevance

e Discusses the factors and issues that should
be considered for each attribute

* Provides recommendations for conducting
high quality and meaningful evaluation

<
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RECOMMENDED PRACTICE
FOR THE IMPLEMENTATION OF
RENEWABLE ENERGY
FORECASTING SOLUTIONS

- Part 3: FORECAST SOLUTION EVALUATION -

2. EDITION
Accepted by the Executive Committee of the International Energy
Agency Implementing Agreement in January 2022

Prepared by IEA Wind Task 36 and 51
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Table 15.3 provides a mapping for 8 typical

applications and appropriate evaluation

Issues: Many attempts to evaluate the . o T =

High Sharpoess — uncertaine ¥
forecasts needs to be spacial and

accuracy of alternative forecast solutions T oot

Event analys'). — independent of hioci dara
M I d ° I d ° M f M V4 (E;:f::: Evens ]?:;’ “‘x‘l':."%(nffpn Verification :mzh makiple test (58,01,
vie misleading Intormation to a user's Oferosmd 3038 Rhbiig, T S
. . ) = ?pi:z&.srms}{m] m‘:’;‘:‘;"""‘l fimess 1o ‘
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solution selection process because of g ey

failures in one or more of the 3 key attribute T —

rements

('8
mgh calibration — Ade
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a re a S Operation, i [(S’i‘{l;&nl(lizl‘th dapram  curate risk quantificarion 14.91]

Market bidding} - ¥y oag i dynamic reserve

The most frequent and misunderstood fN . e e
mistake is with respect to “relevance” e A

- Maximize profit, minimise costs 337,
Market bhiddi Categorial event analysis, o) 3 ! o 1537,
L.2% Brier Scoces, [

o The user employs a set of accuracy metrics that ek Ry o s by (el

(i} Perfece calibration — perfect reserve

are not appropriate, i.e. “not relevant” for the —— Ol bopres iy o,

High sharpnes — high reserve margin
ne operation 2,32 3b (1) Log Score, p-varogram & 36,66,
g?hrkn Player) scoce, §n=rg}' score, va%: (ii) temporal or ’Fiﬂs dependence 1)

user’s application i e

High clibration — reducoon of false

Predictive grid Evene anadyss, ROC,
e X magEment Ja v score, 1 ity shrms; %’ﬂ:m:‘:;ﬂmm [‘:'_"ﬁ
o Often accuracy assessments may give a good =3 TR g e i 05
solution for someone else’s problem, but not e Gl
one’s own problem! e i —
LTrE:]:'gm Calibeation — trustworthiness:

Calibratica/rank. rehabality

nniny - Reliabilicy — resalurion and skill veras 9.5
fﬁarkngl‘lzym 1. %,3b and sharpness dugrams, ~ (19
s

climatalogy; e
Siien RPSS, (Ir"& Brier skill S}mm"ﬂ Jgms predice 1,56
Operator, Wind Scoee, yame score distributions




i.ﬁd Part 3: Key Points

Recommendations:

« Put considerable effort
into understanding and
incentivising the problem
solution before employing
a forecast provider.
Remember: inappropriate
metrics lead to wrong
solutions!

« Use a set of evaluation
criteria in order to capture
critical parts of operation
and to allow the forecast
vendor to improve!

Visual
Inspection

Error
frequency
distributions

Quantitative,
dichotomous
(yes/no)
verification

Separation of
Phase errors and
Amplitude errors

Error range
evaluation per
important
forecast horzon

Parametric
tests,
Bootstrapping
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 Purpose:

o Optimize the selection, deployment, maintenance and quality control

of sensors and communication channels to produce the high-quality
and timely on-facility meteorological and generation-related data

« Forecast quality is significantly impacted by on-facility data:

O

Sensors need to be representative of the ambient atmospheric
environment experienced by the generation assets

Sensors need to be qualified with respect to the actual operating
conditions of the facility (e.g. outages and curtailment)

Insufficient forecast quality is often due to embedded bad data
elements due to poor quality control

Data needs to be provided in a timely and complete manner

‘ Low-quality data leads to
4 low-quality forecasts!

Part 4: Meteorological and Power Data Requirements

for Real-time Forecasting Applications
(was added in Version 2)

RECOMMENDED PRACTICES
FOR THE IMPLEMENTATION OF
RENEWABLE ENERGY
FORECASTING SOLUTIONS

- Part 4: Meteorological and Power Data Requirements for
real-time forecasting Applications-

1. DRAFT EDITION 2021

Draft for Review by Stakeholders prior to submission to the
Executive Committee of the International Energy Agency
Implementing Agreement in September 2021

Prepared in 2021 as part of the IEA Wind Task 36, WP 3.3.




ieﬁd Part 4: Contents and Key Points

1. Objectives
o Data requirement differences — Forecasting vs. other renewable energy (RE) applications
o Existing applicable standards” RE-based and general meteorological

2. Meteorological Instrumentation for Real-time Operation
o Key attributes of sensor alternatives for wind projects

o Key attributes of sensor alternatives for solar projects

3. Power Measurements for Real-time Operation

4. Measurement Setup and Calibration

o Selection factors for instrumentation

Convolutional Layers
with dimensionality
eduction

o Optimal placement of sensors m ﬁ-@.ﬁ. N IR
s 1

o Calibration and Correction Methodologies
o Maintenance and Inspection schedules

5. Assessment of Instrumentation Performance
o Uncertainty characteristics of measurements

o Historical and real-time data quality control standards and methods

6. Summary of Best Practice Recommendations
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RP-related Publications Task 36/51 Information
— Task 36 and Task 51 sites
RP Documents: - ieawind.org/task36 & ieawind.org/task51
» Elsevier Open Access Book — Research Gate Project
* Et?ve;?ber 202_2 direct 1book/9780443186 + www.researchgate.net/project/IEA-Wind-Task-36-Wind-Power-Forecasting
. ps://www.sciencedirect.com/boo . . .
813/iea-wind-recommended-practice-for-the- — IEA Wind Forecasting YouTube Channel:
implementation-of-renewable-energy-forecasting- « www.youtube.com/channel/UCsP1rLoutSXPOECZKicczXg
solutions
 |EA Wind Task 51 Site \
» iea-wind.org/task51/Publications

2019-2022 Wind Integration Workshops — -
« Paper in Proceedings W e 3
* Presentation = |
2019 & 2020 ESIG Workshops .. -
* Presentations ©

YouTube Channel e
* \Webinar on Recommended Practices B vomsenins



https://iea-wind.org/task51/task51-publications/task51-recommended-practices/
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Thank you for your
attention

Questions ... ?

Contact us...

Presenter:

Dr. John W. Zack

WP2 Leader WP3 Leader Operating Agent
MESO, Inc., USA
jzack@meso.com com@weprogd.com argi@dtu.dk
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