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ISGAN In a Nutshell

Created under the auspices of:
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Energy) Technology MINISTERIAL

Network

the Implementing
Agreement for a
Co-operative
Programme on Smart
Grids

an initiative of the
Clean Energy
Ministerial (CEM)

Strategic platform to support high-level government
knowledge transfer and action for the accelerated
development and deployment of smarter, cleaner

electricity grids around the world
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International Smart Grid Action Network is
the only global government-to-
government forum on smart grids.
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Agenda o ost
@
1. Introduction to the Smart4RES project Georges Kariniotakis (MINES ParisTech, ARMINES)
2. Challenges addressed Georges Kariniotakis (MINES ParisTech, ARMINES)
3. Research for innovative weather and RES Pierre Pinson (Technical University of Denmark, DTU)
production forecasting products
Smart4RES
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Agenda B
1. Introduction to the Smart4RES project Georges Kariniotakis (MINES ParisTech, ARMINES)
2. Challenges addressed Georges Kariniotakis (MINES ParisTech, ARMINES)
3. Research for innovative weather and RES Pierre Pinson (DTU)
production forecasting products
Sm art4RES
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Introduction o ¥
T e
¢ Renewable Energy Sources (RES) Evolution of the number of publications related to wind and PV forecastingin
forecasting is a “mature” technology with . the Scopus database
Operational tOO|S and SerViceS used by u Title containing Wind Power/Energy Forecasting + restricted subject areas
diﬁerent aCtorS E o B Title containing PV Forecasting or Solar Forecasting + restricted subject areas
S 250
« However, there are several gaps and &
bottlenecks in the model & value chain 3 *°
stimulating significant research worldwide 5 150
g
£ 100
=
« Our objective today: 50 II I || ‘l |‘ || || | |
Present the Cha”enges and innovative ’ m;nz_uq:lz;:az:;az:u:Ez!:szlu!?z!ulazumzn!uznnzmzzmazumzm_-;zmszm?zmazum
research towards the next generation Year of publication
tools for RES forecasting and related
decision making
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What is Smart4dRES? e & Y

Cava

A new collaborative research project aiming to give a new boost to the
RES forecasting technology through some disruptive ideas.

6 countries, 12 partners D | 1’
Budget: 4 M€

Duration: 11/2019 - 04/2023
End-users / Industry / Research /

France

Universities / Meteorologists SN

 TRLs: 1-5 ¢ “&_._,
HORIZON 2020 ,-;-'-:-:-:2;:~;

- S mart4RES
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chain *7'%* =
- - Power, weather variables measurements,

i
)

satellite images, sky cameras, radars, lidars....

&
ACCURACY
R (eg, %in
WEATHER MODELLING :
prorecasTiG NG it
RES POWER \4
—» FORECASTING MODELS. 0 v
(A20) v
L’ oo Ervcssavshess Il - Forecasts of RES production for the next
SDATARLATRORMS minutes up to the next days
/ $
. v
DECISION-AID MODELS d| v
_ v a storage management )
] reserve allocation
SR ST \ Q predictive maintenance
OPERATIONAL ELECTRICITY MARKET Sl trading
PLANNING (profit increase.
F?Erg';l:gease economic dlSpatCh
Q scheduling
\ congestion management j
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The RES forecasting model & value ISGANwI
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chain .\ ,\..

= : : -
0 "mature technology", but forecasting
i ® accuracy remains low

ACCURACY
AjD

(eg,%in
forecast skill
improvement)

WEATHER MODELLING
AND FORECASTING

L’ FORECASTING SERVICES BUSINESS . el

& DATA PLATFORMS * Financial losses in electricity markets

* Increased need for costly remedies (reserves, storage, demand
/ response...)

v * Limited capacity of RES plants to deliver reliable ancillary services (AS)
DECISION-AID MODELS . ] v ..
) v * Lower RES acceptability by operators
@\ * RES curtailment
PO\X/ER SYSTEMS i i
bl L ECTRICITY MARKET FORECAST * Higher maintenance costs for RES plants
PLANNING (profit increase, °
RES max)

.....
------

SmoﬁARES
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— REMOTE SENSING ON-SITE DATA
N
4

WEATHER MODELLING
AND FORECASTING

RES POWER .
> ForecasTinG MooeLs TRID

L’ FORECASTING SERVICES BUSINESS . el
& DATA PLATFORMS

DECISION-AID MODELS . 4]

@
[ |

\ 4 4

ELECTRICITY MARKET

POWER SYSTEMS

OPERATIONAL
PLANNING
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&

ACCURACY
(eg,%in
forecast skill
improvement)

44 <

&

FORECAST
VALUE

(profit increase.

RES max)

The RES forecasting model & value
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"mature technology", but forecasting
accuracy remains low and new needs are emerging

Forecasts for aggregated RES plants

Forecasts for net load at different points of the grid
Dedicated forecasts for ancillary service provision

(MW]

Production Forecast
Quantile intervals

ooonn
33338

Measured Production
Reserve Offer

e o oo e

Day 1 Day 2 Day 3

R Smor’rlfRES
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The Smart4RES vision

— REMOTE SENSING ON-SITE DATA

N\

A\

\/

00

WEATHER MODELLING
AND FORECASTING

h 4

N FORECASTING SERVICES BUSINESS

& DATA PLATFORMS

AZO

ACCURACY
(eg,%in
. a forecast skill
improvement)
S RES POWER . u \ 4
FORECASTING MODELS v
\4

N and va_llue
:  forecasting

Y

DECISION-AID MODELS

{

\ 4

POWER SYSTEMS

OPERATIONAL
PLANNING

1

4

ELECTRICITY MARKET

el

44 <

&

FORECAST
VALUE .
(profitincrease. | =
RES max.)
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Achieve outstanding
RES predictability through a holistic
approach, that covers the whole model

chain related
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.— a —\l D
——

Improvement in

to RES

......
‘o9 -
.........
l..
) o
........

L]

SmorMQES
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The Smart4RES objectives ISGAN: ¢ .’
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L1 ]

;T ;
= O = Q Requirements for forecasting solutions to enable 100% RES penetration
i ® -

:: :lllllllll EEEEEEEEEEEESR ACCURACY :: - . ' . '
SRR /A THER MODELLING AlD | = e RES-dedicated weather forecasting with 10-15% improvement using
S ANDFORECASTNG Ay PP P TTTTTTTIL T M various sources of data and very high resolution approaches.

.: 'IIIIIIIIIIIIIIII:II [ ] =

" . RES POWER i v e

oy > ronecasrcmooes IR v = . : : :

- @@ . o i v = e New generation of RES production forecasting tools enabling 15%

EE : --u-----u-----I'I'I'H'H'I'I'I'H'I'I"H'H'I'I'I'H'! EE improvement in performance.

- _:_’ FORECASTING SERVICES BUSINESS = =

= ' & DATA PLATFORMS . "=

™ [ | :' . . . .

i -'|. 0 @: - e Streamline the process of getting optimal value through new forecasting
= | Ll - o products, data market places, and novel business models

i/ : ;i :

=i DECISION-AID MODELS - ly - e New data-driven optimisation and decision aid tools for power system

. O A 4 - management and market participation

= 5 [ . -

- 0 A4 . ©\ -

T e = || rorecasT | m e Validation of new models in living labs and assessment of forecasting

" . . VALUE - .

= i PLANNING 0 (proftincrease. | ma value vs remedies.

== = RES max) -

Sm art4RES
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A TION NETWORK . .
Agenda . S %
1. Introduction to the Smart4RES project Georges Kariniotakis (MINES ParisTech, ARMINES)
2. Challenges addressed Georges Kariniotakis (MINES ParisTech, ARMINES)
3. Research for innovative weather and RES Pierre Pinson (DTU)

production forecasting products

s 9 D
........
..'.

S mart4RES
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Gaps and bottlenecks

o REMOTE SENSING ON-SITE DATA

M
/

\/
WEATHER MODELLING

AND FORECASTING
U

Ly FORECASTING SERVICES BUSINESS
A PLATFORMS

/ Open-loop between use of forecasts

and generation

05/06/2020
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&

ACCURACY
(eg.%in
forecast skill
improvement)

o 44 4

FORECAST
VALUE

(profit increase.,
RES max.)

..‘— .—-\-\_l
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Challenges in the models and the connections:

H a Need for Numerical Weather Prediction (NWP) products
adapted to RES use-cases.

S mart4RES
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Gaps and bottlenecks (NWPs)

« Improved RES-oriented modelling of NWP variables. l.e.:

» Refined cloud radiative impact for solar irradiance forecast. Dynamic consideration of aerosols.

05/06/2020

Flux diffgrence: CAMS NRT - CAMS climatology (W m™2)

SMART4RES - DATA SCIENCE FOR RENEWABLE ENERGY PREDICTION
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)

SSmarthRES
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Gaps and bottlenecks (NWPs) JSGAN: <<
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« Improved RES-oriented modelling of NWP variables. l.e.:

» Refined cloud radiative impact for solar irradiance forecast. Dynamic consideration of aerosols.

; : : 4 NWP variable AR
 Need for seamless NWPs in applications PR : S
» Need for higher spatial/temporal resolution & updates frequency %
4 A '/’--\\\-’,\
AROME-EPS | IFS-EPS _
38 . Day + 2 Day + 4 Horizons
- B . s Association
Wave field asu:?ic:gee[lgd by SWAN. Wind field m‘odx:Ime]d by GRA;P
AROM E Operational (for the Belgian Offshore Wind zone)
domain WHIFFLE-LES application
\\§ J '-“..'.:. ::::
S marthRES
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Gaps and bottlenecks (NWPs)

Improved RES-oriented modelling of NWP variables. |.e.:

» Refined cloud radiative impact for solar irradiance forecast. Dynamic consideration of aerosols.

Need for seamless NWPs in applications.

Need for higher spatial/temporal resolution & updates frequency
Better modelling of weather conditions through remote sensing (sky imaging)

05/06/2020

= Cameraonly x13
= Camera + meteo (RSI) x 7

= Camera + ref. meteo x 2

(5 planned)
(5 planned)

= Camerain PV plant x 1 (Solarpark

Ammerland)
= Ceilometerx 6

Stations

. Camera @ Ceilometer
. Meteo L Trafo District
@ Reference

. Planned

SMART4RES - DATA SCIENCE FOR RENEWABLE ENERGY PREDICTION
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o REMOTE SENSING ON-SITE DATA

O Challenges in the models and the connections:
®

ACCURACY
(eg.%in
forecast skill

improvement H a Need for NWP products adapted to RES use-cases.

\/
WEATHER MODELLING

AND FORECASTING
U

b Limitations of RES prediction models to exploit large amounts
N ORECAS NIZZE; SEFI"-JICES BL:_JSII“~JESS of heterogenous data
\TA PLATFORMS

Open-loop between use of forecasts
and generation

o 44 4

FORECAST
VALUE

(profit increase.,
RES max.)

& ‘:-Smor’rl'fl:\)ES
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Gaps and bottlenecks (RES models)

ISGAIi .o 1

INTERNATIONAL S

ACTION NETWORK .

MART GRID

_.,_
. \

« State of the art consists in separate models for different time frames (e.g. 5 minto 1 h, 1h to 6h, 6h to 48h
ahead...), each exploiting different data sources as input.

* Need for seamless and generic forecasting approaches, able to consider simultaneously heterogenous
data. => Possible a convergence of forecasting solutions?

A
Multi-time scale
Power Forecast

&

Probabilistic forecasting tool @
horizon interval 1

4 pdf

4

b pdf 4

L~

\J

\ pdf

| —

Probabilistic forecasting tool @
horizon interval 2

—_

A pdf A

Y

h pdf 4 pdf

\f*j’

Probabilistic forecasting tool @

TN

horizon interval 3

4

h pdf ‘r pdf

b pdf

\//_/

-
s 9 D
.....

05/06/2020

SMART4RES - DATA SCIENCE FOR RENEWABLE ENERGY PREDICTION

........ » Horizons
Smor‘réRES
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Gaps and bottlenecks ASGAN-.%s

o REMOTE SENSING ON-SITE DATA

O Challenges in the models and the connections:
®

\/ ACCURACY
= o {e.g. %in
WEATHER MODELLING .
'AND FORECASTING improvement H{a| Need for NWP products adapted to RES use-cases.
O
e e oy e v
—p FORECAS v
(420 v o - .
b Limitations of RES prediction models to exploit large amounts
o O A b o of heterogenous data

/ Open-oopbtentse o arecasts Open loop between forecasts generation and their use in apps
al eneration !

o 44 4

FORECAST
VALUE

(profit increase.,
RES max)

Sm art4RES
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Gaps and bottlenecks (“open loop ”) L S0

——

* RES forecasting models today are centered on accuracy.

An alternative could be to “tune” them considering, not only accuracy, but also the “value” they bring
when used in a specific application (i.e. €s in trading).

_______________________ Y L,
O
Input Input : M
T ™ M
¢\
Input .| | Decision-making Decision Input _i_} M , Decision-making __/ Decision
X —> M2 > T —> q - X ! 2 T d
. . di
- . Tradin
" er Trading - 9
¥
Input Input ! M
Xn Mn X | > n
Forecasting Forecasting e
05/06/2020 SMART4RES - DATA SCIENCE FOR RENEWABLE ENERGY PREDICTION
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Gaps and bottlenecks (“open loop ) ISGAN- ®."

ACTION NETWORK @

- " .:)‘-_'
RES forecasting models are tuned today upon their accuracy.
An alternative could be to tune them considering, not only accuracy, but also the “value” the bring
when used in a specific application (i.e. revenue € in trading).
But why not use Al to simplify the whole model chain?

Pa— <

Input M1 — 7
X- Input
1 Fj}au
¢\ S
ision-maki isi Input Decisi
A o posenrsng) |/ oocen | Yy % | Adificial Neural Network =~ @
I _ I model
(__'_1 0. Trading C
¥ Al : :
Input Forecasting + trading
Ir;;()nul e r;?n“ L
Forecasting
“Smart4RES

05/06/2020 SMART4RES - DATA SCIENCE FOR RENEWABLE ENERGY PREDICTION
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Gaps and bottlenecks ISGAN- -/

ACTION NETWORK

."'jl&;jrﬂxwf,
LS f___
— REMOTE SENSING ON-SITE DATA

M
/

Challenges in the models and the connections:

&

ACCURACY
vV as
WEATHER MODELLING S
AND FORECASTING

improvement H a Need for NWP products adapted to RES use-cases.
o A

b Limitations of RES prediction models to exploit large amounts
of heterogenous data

/ Oper-oop otwoen s fforcass Open loop between forecasts generation and their use in apps.
and generation !

v
v
v
H e Decaying commercial value of forecast products.
FORECAST
VALUE
(profit increase.,
RES max.)
“Smart4RES
05/06/2020
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Gaps and bottlenecks ISGAN: <.

ACTION NETWORK

LS f___
— REMOTE SENSING ON-SITE DATA

M
/

Challenges in the models and the connections:
®
WEATHER \fl ODELLING

ACCURACY . . .

(eo. % G@ Lack of meaningful open data (privacy issues)
~ forecast skill

AND FORECASTING

improvement)
U

Lack of price incentives to share data

/ Open-loop between use of forecasts

and generation

o 44 4

- FORECAST

VALUE
PLANNING (profit increase,
RES max.)
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Gaps and bottlenecks (value from data) e \‘

In an era of energy digitalization, the focus iIs on more data.
But what real value can be extracted from data?

Many works have shown the benefits of integrating spatially
distributed information (neighbor PV/wind farms as sensors).

With Smart4RES we will exploit data science techniques, like
federated learning, to develop a framework for collaborative
forecasting through data sharing that respects privacy and
confidentiality constraints

And a data market concept to foster data sharing

s 9 D
nnnnn
...‘
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Gaps and bottlenecks

o REMOTE SENSING

ON-SITE DATA

M
(Y
ACCURACY
\V %i
- N g .. %
WEATHER MODELLING f‘ngecasl? skill
AND FORECASTING improvement)
O
[ 4 RES POWER . I! v
—p FORECASTING MODELS v
(A0 v
—p
Open-loop between use of forecasts
and generation v
\ 4
DECISION-AID MODELS v
o v
POWER SYSTEMS FORECAST
\ O iﬁ'\L VALUE
PLANNING (profit increase,
RES max.)

05/06/2020

INTERNATIONAL SMART GRID
ACTION NETWORK

Challenges in the models and the connections:

Lack of meaningful open data (privacy issues)

Lack of price incentives to share data

Lack of standardisation

Need for decision aid models adequate for high RES
integration scenarios

Need for business cases that demonstrate the value of
integrating uncertainty forecasts to industry

28299

Sm art4RES
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Gaps and bottlenecks (the apps...) ASGAN '-;:3:
‘, B e

Large-scale Storage optimization

PO RDATZ : WEATHER
DATA
Solar Wind Hydro Solar Wind Hydro
Big data (national or Collaborative forecasting
a cross-country data)
o I
:3_ Isolated power systems data Trading / VPP operation
@ I I
z &
m
o 2 Frequency control (FCR & inertia)
| <<
=
2 Data Market:
'-E - a arkets [ Y
=z . I
a 5 Net-load data )
g ~ —— Grid state forecasting
= I
s %
; g; Voltage control & congestion management
S
7]
&
= Microgeneration (domestic) Forecasting
E I
=1
<
o
I
o
<
o
(6]
o
L
()

PV (329
Offshore @ o
Onshore ;E _:'s_.’.. %
s ¢ ¢ 5
— a = = '--Smor’rerES
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Agenda o2 te
@
1. Introduction to the Smart4RES project Georges Kariniotakis (MINES ParisTech, ARMINES)
2. Challenges addressed Georges Kariniotakis (MINES ParisTech, ARMINES)
3. Research for innovative weather and RES Pierre Pinson (DTU)
production forecasting products
.”.S..r.norfl»rF?ES
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What is a forecast product? it

Data streams

Models

Forecast

Forecasting approaches
user

Forecasting expertise

Analytics and visualization

)
&)
>

©
O
| -
Q.

)
(7))
©
&)
(b
| -
@)

LL

( problem-oriented approach)

SIS,
L™
L
..........
[ ]

SmodARES
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Motivations for new forecast products

Regulatory and
market framework

New markets e.g.

p2p or flexibility
markets

New market
products e.g.
resolution,
ancillary services
Requirements
from the
regulatory side

05/06/2020

Technology and its

End-users

development expressed needs

Larger wind
turbines

Hybrid power
plants

Prosumer setups
Storage

New paradigms in
power system
operation

"Please tell us!”

SMART4RES - DATA SCIENCE FOR RENEWABLE ENERGY PREDICTION
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ACTION NETWORK
o SIH
a4

A push from the
R&D side

Forecasting R&D
IS very active

New concepts
have continuously
emerged

Profit of latest
advances in
analytics and
decision-support

Smor’rlfRES
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Motivations for new forecast products

[0 Exemple of high-resolution case

Regulatory and
market framework

New markets e.g.
p2p or flexibility
markets

New market
products e.g.
resolution,

Temporal resolution
ancillary services
Prosumer markets
e.g. p2p

Etc.

05/06/2020

Technology and its

End-users
expressed needs

development

Larger wind
turbines
Hybrid power

plants "Please tell us!”
Prosumer setups
Storage

New paradigms in
power system

operation

SMART4RES - DATA SCIENCE FOR RENEWABLE ENERGY PREDICTION

ISGAN **1

. »
INTERNATIONAL SMART GRID (

ACTION NETWORK
o SIH
a4

A push from the
R&D side

Forecasting R&D
IS very active

New concepts
have continuously
emerged

Profit of latest
advances in
analytics and
decision-support
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Motivations for new forecast products S

[0 Exemple of high-resolution case

End-users A push from the
expressed needs R&D side

Technology and its

Regulatory and
development

market framework

Forecasting R&D

IS very active

New concepts
"Please tell us!” have continuously

emerged

Profit of latest

advances in

analytics and

decision-support

Larger wind

New markets e.g. wurbines

Hybrid power
plants
Prosumer setups

Storage
New paradiaoms in

p2p or flexibility
markets

New market
products e.g.
resolution,

« Temporal resolution

ancillary services « Offshore wind farm
* Prosumer markets control

e.g. p2p « Storage operation
« Etc. - Etc.

Smor’rlfRES
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Motivations for new forecast products

[0 Exemple of high-resolution case

Regulatory and
market framework

New markets e.g.

p2p or flexibility
markets

New market
products e.g.
resolution,

Temporal resolution
ancillary services
Prosumer markets
e.g. p2p

Etc.

05/06/2020

o Offshore wind farm

» Storage operation
- Etc.

Technology and its
development

Larger wind

turbines

Hybrid power
plants

Prosumer setups

Storage
New paradiaoms in

control

End-users
expressed needs

"Please tell us!”

Many examples e.g.
Copenhagen airport

SMART4RES - DATA SCIENCE FOR RENEWABLE ENERGY PREDICTION
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A push from the
R&D side

Forecasting R&D
IS very active

New concepts
have continuously

emerged

Profit of latest
advances in
analytics and
decision-support

Smor’rlfRES
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Motivations for new forecast products ';

[0 Exemple of high-resolution case

A push from the
R&D side

End-users
expressed needs

g y Technology and its
Requlatory and Technology and its

market framework

New markets e.g.

p2p or flexibility
markets

New market
products e.g.
resolution,

development

Larger wind

turbines

Hybrid power
plants

Prosumer setups

Storage
New paradiaoms in

"Please tell us!”

Forecasting R&D
IS very active
New concepts

l"\ﬂ\ I ~nAantini i Iﬁl\l

Early push towards
high resolution in the
late 90s

« Temporal resolution Today different
ancillary services « Offshore wind farm o I (very) high resolution
control any examples e.g. approaches

Prosumer markets

e.g. p2p
- Etc.

» Storage operation
- Etc.

Copenhagen airport

Especially relevant
for offshore wind

05/06/2020
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From high-resolution information and ISGAN--.

INTERNATIONAL SMART GRID .

data ACTION NETWORK @ ._.
@ o \Q
H RN .
' .

« A company like Whiffle (among others) can provide very-high resolution weather
forecasts e.g. here for Horns Rev (spatial: 50-100m — temporal: app. 30s)

* How to use the produced information optimally?

C. Gilbert et al. (2020) Statistical post-processing of turbulence-resolving weather forecasts for offshore wind power forecasting. Wind Energy 23(4), pp. 884-897

“Smart4RES

05/06/2020 SMART4RES - DATA SCIENCE FOR RENEWABLE ENERGY PREDICTION 37



... to meaningful forecast products _ISGAN .;
through post-processing S 5oy

« Post-processing is usually considered for improving forecast quality (e.g.
model output statistics, machine learning. etc.)

 However, it can also be used to go from "raw forecast data” to a tailored
forecast product

Classical hourly single-valued forecasts
(or 5-15 mns)

25
1

20
T

15

N Variability forecasts

I ’ \ Forecasts of potential minimum
- . and maximum production values

L 1 1 1
01/01 02/01 03/01 04/01 05/01

time [dd/mm] WI t h I n p e rl O d S "‘;::::.:‘:'.\

wind speed [m/s]

10
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The probabilistic side {;

 Probabilistic forecasts are increasingly used in operations and electricity markets

90%
B 50%

« Such concepts and
visualizations were

power [% of Pn]

B 30%
pushed forward in the
early 2000’s... now o meas.
getting quite common
5 10 1I5 EIU 2|5 3|0 35 4|0
look—-ahead time [hours]
"""" S nart4RES
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New probabilistic forecasting products e B

1 T T T

« For many novel approaches to - T predeton
decision-making under o
uncertainty, those probabilistic 5
forecasts are not sufficient... g
O Scenarios
—— Original Convex Hull
oS | A Potential Outiiers
2‘_ ——  Trimmed Convex Hull look—ahead time [hours]
ﬁg_ ¥ Measurement OO
83 P o « This is why scenarios and now
(@] (o} . .
Sal L8PS polyhedra and ellipsoids
£ 00 . .
M| (uncertainty regions) were
= a
| L4 proposed )
S00 02 04 06 08 10 AR
Wind Power (pu) at 1:00 ‘-‘.-‘::::_'S'r'n art4RES
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Data and forecasts are products ISGAN: & " 2

INTERNATIONAL SMART GRID ‘
ACTION NETWORK @ .

themselves! . S0 ¥e

SV

« What if various agents and operators sell each other forecasts, data or
contribution to collaborative analytics?

Radar images

¥

« Assume for instance a —
central agent (a wind farm) payment
: : Power data
that wants to improve its A//' Weather forecasts
forecasts and contract payment
neighboring ones to help...

payment

« How to design mechanisms for that purpose, while also respecting potentlal
privacy and business competition concerns?

Smor’réRES
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New forecast products for grid ISGAN--.

INTERNATIONAL SMART GRID ‘
ACTION NETWORK @ .
management e
power f*‘("“ *‘ir,:h%‘ I
Forecast of flexibility l‘ ] %
) ) curve of the system | & &
« How can data from distributed RES help —— Sl
» Active Power
power system operators? . — ,
Coherent hierarchical T A éﬂ I . Ig-‘]ﬁ?‘ﬁlég
RES forecast Aggregated RES l " Aggregated Load T_ o
A i B2km Z " i 4.89 km | L15 .
[ ) ‘;@ -l_ 442 km - i NUT_
* RES forecasts at plant and aggregated level + RES clustr 10410 |
Grid topology l |fl.zgk,,; “ o ol .
= New product: Grid-aware flexibility forecast W T T
of distributed resources at a HV/MV interface RES oluster 2 il I e | iik""” R
| d.f[m \‘2 : —  Load
i p I—l .24 km i 9 ::Momm
M. Kalantar-Neyestanaki, F. Sossan, M. Bozorg and R. Cherkaoui, "Characterizing the Reserve Provision Capability i S

N6
134k Load 2 Tpdf
L7
Area of Active Distribution Networks: A Linear Robust Optimization Method," in IEEE Transactions on Smart Grid,
vol. 11, no. 3, pp. 2464-2475, May 2020 !ga
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Take away messages T vt

L - ‘

RES-oriented research for improving weather forecasting

Seamless approaches to permit convergence of the technology

Data science approaches for alternative forecasting and decision-making
paradigms.

Data sharing and data markets to extract the value out of data!

“Smart4RES
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Be involved

« Want to take part of the Smart4dRES
project?

= Complete our_guestionnaire_on your
use of forecasts and forecast-based
decision-aid tools

= Be involved in our Reference Group

ISGAN-,

INTERNATIONAL SMART GRID
ACTION NETWORK

Early interactions with future end-users

The Smart4RES Consortium has gathered 17 end-users (industrial members) forming a Reference group
that will contribute by providing the consortium with:

* Advice on forecasting requirements in terms of models and applications, end-user challenges and
issues and on the exploitation of results;

* Detailed measurements from RES power plants for the evaluation of the Smart4RES models and
contribute to their scalability and replicability .

ST,

S mart4RES
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https://ec.europa.eu/eusurvey/runner/02027011-b975-7860-1c35-4037eb359764

INTERNATIONAL SMART GRID

Stay tuned S e k)

. “

Smart4RES Webinar Series (under preparation):

Episode #2 - October 2020 RES forecasting and data marketplace: a collaborative framework
Episode #3 - December 2020 Optimising participation of RES generation in electricity markets: new
opportunities and the role of forecasting

= Newsletter: subscribe at www.smartdres.eu

Info @ smart4res.eu
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.
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http://www.smart4res.eu/
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https://twitter.com/Smart4RES
https://www.linkedin.com/company/smart4res-project
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Georges Kariniotakis, MINES ParisTech
georges.kariniotakis@mines-paristech.fr .\

Pierre Pinson, Technical University of Denmark (DTU)
ppin@elektro.dtu.dk
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COPYRIGHT (except initial slides on ISGAN presentation):

Smart4RES project: “Next Generation Modelling and Forecasting of Variable
X Smor1'4RES I\Rﬂzr;z::?le Generation for Large-scale Integration in Energy Systems and

DISCLAIMER

The European Commission or the European Innovation and Networks Executive
Agency (INEA) are not responsible for any use that may be made of the
information in this presentation.

APPENDIX

PROJECT COORDINATOR & CONTACTS
Georges Kariniotakis, ARMINES/MINES ParisTech, Centre PERSEE,
Sophia-Antipolis, France.
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