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ISGAN In a Nutshell

International Smart Grid Action Network isthe @
only global government-to-government forum

Created under the auspices of: on smart grids.
CLEAN Annex 1
Global
Energy) Technology / MINISTERIAL Sma(r)tgrid
Network Ann_e>_<_9 Inventory S'?T:g:teéﬁd
the Implementing o Fiexbilty Case
an initiative of the Studies

Agreement for a

Co-operative Clean Energy

Programme on Smart Ministerial (CEM) Annex 8: anex 3
: ISGAN
Grids Academy ISGAN An(;gges
v Annexes
Annex 7 Annex 4
Policy
. ) Smart Insights for
Strategic platform to support high-level government . Grids Decision
q t
knowledge transfer and action for the accelerated ranstons Makers
Annex 6 Annex 5
development .ar_\d dePonment of smarter, cleaner Power Smart Grid
electricity grids around the world T&D Testing
Systems Labs
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ISGAN'’s worldwide presence

N

¥:. ECLUADOR

ﬂW“ﬁ‘cﬁJ——Jg/\/—

o e g B
4 P,

NHANM:

1 ¥
Ry

ol
AENEZUE i;;“i i

£
LEANA

oy O,
COLOMBIA .,

J

W" ;

b

BRAZIL

BOLIVIA

v

CHILE 2

ARGENTINAY, ™ URUGUAY

H ot

g
&
Ey

b

OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS

uuuuu

R\

ISGAN

INTERNATIONAL SMART GRID
ACTION NETWORK

o—

L i

'g*

ILIPPINES

NEW ZEAMN%
f

‘C_
e
-

=3,
X

-,

=2



_--tx

ISGAN: ¢ .

INTERNATIONAL SMART GRID

Value proposition e .

Conference
presentations

...............

Strategic partnerships Policy

briefs Technology
: briefs

Broad international
IEA, CEM, GSGF, expert network

Mission Innovation, etc

P Technical
System Efficiep

Discusg papers

Global, regional & " Discussion : 1
Knowledge sharing, hational policy support .\ papers
technical assistance, e B
project coordination - | - Webinars

Workshops

Visit our website: : s 3ot - 2 Casebooks
WWW.Iea-isgan.orq
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http://www.iea-isgan.org/
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Optimising participation of renewables generation
in multiple electricity markets: Smart4RES vision,
opportunities and role of forecasting

Agenda
« Smart4dRES in a nutshell

« Current status of Virtual Power Plants (VPPs) to integrate RES into electricity markets
« The role of forecasting in trading strategies for RES and Virtual Power Plants
« Current challenges and necessary focus areas for RES in electricity markets
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Smart4RES in a nutshell
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INTERNATIONAL SMART GRID

Smart4RES in a nutshell *

) ) ) . SIS  REMOTE SENSING
» RES forecasting is a mature technology with operational
tools and commercial services used by different actors ®
* However, we want to make progress to improve the an
. . . I for ki
forecasting accuracy and to further integrate RES into Episodg 4 movenent
the market processes. v
\4
v
Smart4RES vision
Science and industry closely co-operate to achieve
outstanding improvements of RES forecasting by v
considering the whole model and value chain. B — v
ELECTRICITY MARKET CanEchsT
(profit increase.
oo RES max)
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Smart4RES webinar series
Seasonl: Towards a new Standard for the entire RES forecasting value chain

4 )

i 5 Marcr?%A il #a #5 #6
June 2020 Dec 2020 5021 P June 2021 September 2021 October 2021
Advanced -
. weather Optimising
Igtrodtjf;_[zlc&réto Extracting RfI(E)gecastli_ng for partlcllquc’:lgon of et
mar - t :
Data science value from - generation in value of storage '\f/loorogﬁltléngr;tci’r?'s
for renewable data sharing 3.1 NWP & High- electricity in power systems PR el .
ener for RES resolution models markets: new and electricity in electrical grids
A forecastin 3.2 Data opportunities markets
prediction g observations & and the role of
assimilation forecasting
energy&meteo =)
INESCTEC \M_.___:_;ce/) energygmeteo A@ES INESCTEC
A@ES 0T OTU “DTU # L DTU m ——— A @ES
oo -— > PRANCE > ‘
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https://www.youtube.com/watch?v=kn8X6kIfo6I&t=12s
https://www.youtube.com/watch?v=cXWOE7RDO6M&t=7s

Smart4RES consortium

=
—_
=

6 countries
12 partners Denmark

i

Netherlands WHIFFLE DNV-GL
End-users

Industry ‘#7
Germany DLR energy&mee@

Research

: " 2%
Universities N ;j CR & owel
France ARMINES P 1||Te§3h* ERANCE b“ """""""""

Meteorologists

Portugal INESCTEC Nj
Funds: H2020

programme JgHEMDNQ ‘%,‘

Budget: 4 Mio€ Greece
Duration: 3.5 years

11/2019-4/2023
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< Follow us!
www.smart4res.eu
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http://www.smart4res.eu/
https://twitter.com/Smart4RES
https://www.linkedin.com/company/smart4res-project
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Current status of Virtual Power Plants (VPPs) to
Integrate RES into electricity markets

OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS 10
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Energy markets accessible by RES o g

¢

Energy from RES is typically traded on short term electricity markets, i.e. day-ahead or shorter

Day-ahead market
e.g. EPEX Spot day-ahead: market with auction process, hourly blocks, prices fixed once per day (D-1)

Intraday market

e.g. EPEX Spot intraday: continuous trading of 15 min blocks with lead time around 15 min

Market for balancing power / ancillary services

organized by transmission system operators

Flexibility markets

upcoming

l..z
e
J.‘.
e o
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Current status of Virtual Power Plants (VPPs) to AT ST ...
Integrate RES into electricity markets Feioe

» The Virtual Power Plant is an IT platform to
digitally bundle a large number of decentralized

assets to one portfolio (“aggregation”) Ed EE

e Connects to solar, wind onshore & offshore,

hydro, storage systems, flexible consumers, = »
; . ] Control

substations =2 . o
» Retrieves real-time operational data

(production, status codes) from assets EIHII - -
- Integrates solar and wind power forecasts for L AN N

connected RES generators s - = . ‘- TN m.

/ "I"' \ N
« Remote-control of power output / ' .
. ==R=Ree ]

» Enables aggregators to access different = M| -

markets: energy, balancing power, ancillary
services, flexibility

© energy & meteo systems

.......
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VPP and RES forecasting used by energy traders '%* 2

Processes in Virtual Power Plant

Real-time data Real-time
data Meta Power Availability Optimization Scheduling ‘
o Forecast information Controll Tradin
plausibility calculation center Module ontrofier g
check schedules
_
A A A
0 |
o S I v
| o S35 | ~ 5
Power F t1 3 % | £3 o=
ower Forecas S - Q -5 e
Teeeess 3 55 S| || S
( ) > = o ! L g
Power Forecast 2 g I g: : g W
A Y : S) 5 .G g X energy market
e , « 2 =51 € 5 .
Power Forecast 3 I |
) @ I e J
Decentralized
units @%
4\ © energy & meteo systems
u"".....'.o““u
! . . .
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VPP and RES forecasting used by energy traders e

‘.

powerpredlctlon | Trading wind power
| on electricity markets:

To optimize the
portfolio output during
periods with negative
| ; prices traders can
curtailment schedule adjust the production
real-time measurement very precisely through
VPP,

g
=3
)
=
)
s

© energy & meteo systems

02.01 01:00 02.01 02:00 02.01 03:00 02.01 04:00 02.01 05:00 02.01 06:00 02.01 07:00 02.01 08:00 02.01 09:00 02.0110:00 02.0111:00 02.0112:00 02.01 13:00
30.938 Abweichung > 765.469 kW B Abweichu sung - produktiver Fahrplan ® Installierte Leistung = Portfolio 15331 m Spur Neueste Vorhersagen emsys ® produktiver Fahrplan
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VPP and RES forecasting used by energy traders
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19.11 11:35

real-time measurement

curtailment schedule

19.11 11:50

19.11 11:40 19.11 11:45

19.11 11:55

19.11 12:00

power prediction

19.11 12:05

© energy & meteo systems

19.11 12:10

19.11 12:15
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Wind farms do already
contribute to ancillary
services, e.g. tertiary
reserve power.

This requires high data
availability, outstanding
accuracy of RES
forecasts and reliable
remote control.

15
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The role of forecasting in trading strategies for RES and Virtual
Power Plants

 Forecasting production of a renewable VPP
* Modelling chain of trading VPP production
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Operational timeline of VPP trading e
» Focus on a renewable VPP trading in energy and reserve markets
» Forecasting errors of renewable production and prices increase with the horizon
Forecasting RES VPP
production with uncertainty Update forecasting of VPP
G production and prices
Forecasting market
quantities (energy, reserve) <L
g
Optimization of trading . . " Delivery of energy & reserve Revenues and
positions Adjust trading positions (real-time VPP control) penalties on markets
@ @ @ » Horizon
Day-ahead Intraday Real-time

'.
l . . .
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RES Forecasting accuracy for VPP trading o iy

.‘_.

Consider a VPP controlling only variable RES

(Wind, PV, Run-of-river Hydro) .
60% | — Forecast of VPP production
_ _ S m Measured VPP production
« Offer in the day-ahead energy market is based on B \
day-ahead RES-VPP power forecast E 40% | o\l Deviation
* Imbalance penalty = Imbalance price x Deviation 5 ! \ /*
= l f i ;
» Deviations can penalize significantly the revenue of g 20% ‘. // ‘ j \\
RES producers 2 P \ A/ \a
@ Objective: reduce RES-VPP Forecasting errors Day 1 Day 2 Day 3

o ° . ®
......
..-

*e o
s‘.. ® ° [ ]
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RES Forecasting with uncertainty e

The RES-VPP offers on multiple markets, energy +

reserve
Probability of VPP production
. . 60% | .
« State-of-the-art approaches to solve this trading problem IS Energy
require a prediction of RES with uncertainty [1] % o offer?
a I3 |
e
« Under simplifying assumptions, the optimal reserve offer s . Rsf?;r;’e =
IS a quantile of the predicted RES-VPP distribution £ ’ .\_r’ j \,
depending on prices = \ R b
Day 1 Day 2 Day 3

@ Objective: reliable forecasting of RES-VPP with
uncertainty

-

LAl -
[ ]

00 o0
L)

‘oo o
s“. ® ° [ ]
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How to forecast RES-VPP production h\

Build a scalable regression model accounting for the dynamic contributions of energy sources in the VPP

Predict total RES-VPP production
| Pt | YYTY
§ h /Wind production
30- Prediction intervals g
2 = : WA,
VPP, data B = oon 6h' ik ash 2an
ﬁgk g - o
IR IR E o 2 a8 \
AR Ry 5 -

—
=]
1

-~ PV production
/./' \”/ « Dependences

VPP production J between sources?

| ) ’ |

" 6h 12h 18h 24h ’
O-
6h 12h 18h 24h

Active Power [MW]

s Run-of-the-River
5 V4 Hydro production
e A =
'-.—-...‘.5 g
".o..'.o.... ) 3 0-
SO 6h 12h 18h 24h

"‘::I:I-.S.::nor’rlr RES .

OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS
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How to forecast RES-VPP production e

Machine Learning models are good candidates to predict RES-VPP production with uncertainty.

Quantile Regression Forest Convolutional Neural Network For high reliability of reserve,
(QRF) (CNN) models on low quantiles
Probability
VO feta 1
S
T YV S
LT aa 3
o " Quantiles < 5 %:
>

Conservative assessment of
expected production

< CNN improves probabilistic Score (CRPS) by - 15% compared to the state-of-the-art QRF
< At low quantiles, adaptation of regression models or statistical models specific for extremes

X
L]

' ...‘n

e ..
L

'e LY .

e l . .
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Complete forecast-based trading model chain oy

—o—

Probabilistic forecasting of RES-VPP production (here QRF) +
Deterministic forecasting of market quantities (here statistical / Machine Learning models)

401 20%

“*  Prediction

wn  INtervals
%% F : probabilistic forecast of VPP production

Observations TR- optlmal quantlle for reserve

Optimal reserve offer = F~1 (TR (TR, nE))

goomEnm

301

—__ Reserve offer  'tr - PLRES VL IESTIVE THCIRTL
‘-'IE- prices of energy market

“] Identified periods when reserve is profitable [2].

Production VPP [MW]

e

101 Forecasts Reserve = 0.5%-quantile
VPP & Market VPP Forecast
l_\ Increased revenue 150 +4%
VS energy only
ol
B _ Freql_,lency of 0.1% 0%
Day 1 Day 2 Day 3 underfulfilled reserve

l. . .
~.' ‘SmOf'I'[I- R ES OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS 22
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Value of improving VPP Forecasting for trading ol

2 VPP Forecasting approaches tested: which one gives best trading outcomes [3] ?

4 RES-VPP Forecasting model N
a N Approach 1: Approach 2:
VPPmodeI Direct Prediction () Predictions ]
T of Total (summed) T J at sub-levels of VPP Stochastic Trading
T T T £ &2 | VPP Production & + dependence model optimization
- J
4{ Energy prices Forecasting models |
4{ Reserve prices Forecasting models }

‘oo o
s“. ® ° [ ]
".:..'Smor-l-[f R ES OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS 23
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Value of improving VPP Forecasting for trading e
40
30
Approach 1 -
E 10 J\‘\
- \
2 43 Approach 2 improves : Approach 2 improves
t forecasting accuracy » T_ra@ng - worst-case revenue
2 30 (RMSE of trajectories) by 15% airzEL ol iti i 9
Approach 2 g | J y (Conditional Value at Risk) by 20%
204l
10
0 Nota Bene:
Jan 16 Jan 18 « There is no automatic link between forecasting accuracy and
Yegebios value in applications.
— Measured Production Hydro . . . . .
Measured Production Hydro+PV | « One solution is value-oriented forecasting, where forecasting &
S e il Bl application are tuned jointly to optimize value
'-'-'.': %" Source: [3]

N
u.° osmor‘l'l'. R ES OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS 24



Simplify the modelling chain by prescriptive ISGAN

ACTION NETWORK

analytics rl9at?

In Smart4dRES, we are currently developing a prescriptive
analytics approach to streamline the model chain

« Use of optimization techniques

« Convergence guarantees

« Applicable to constrained problems

- Decision is taken according to Forecast aggregated RES
. . . . production with uncertainty

weights applied to past situations

Predicted market quantities

Objective: same revenue as with the (energy, reserve)

Weights from Trading

ML/Statistic tools optimization

1Cost /

Forecast-Optimize approach Training situations Deviation ffom optimal bid
Trading strategy optimization

model

Offer on multiple markets

o9
\‘.. .. [ ]
'.‘:-..Smor‘l'll,RES OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS 25
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Some current challenges and necessary focus areas
for RES In electricity markets

» Understanding those challenges based on the basic trading setup
» Uncertainty aspects
* Price-maker and population-aware approaches

OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS 26



INTERNATIONAL SMART GRID

. . ACTION NETWORK @ ,l
The classical problems, which never go away... e
o The revenue from electricity markets (focusing on energy),
.§ Revenue R=m X E
o
iInvolves a market price and a quantity.
> Supply
Energy E eMwh 1
Gasturbines
- On the quantity side we do our best to predict renewable .|~ Pemnd 4
energy generation (e.g., through Smart4RES)! ﬁ.‘;'.li’f“s"““'
* Onthe market (price) side, one wants to predict
* energy prices Wind and Nuclear
« system length
_____  the supply stack M\‘Nh
XX .... . * EtC source: wind-energy-the-facts.org

’ e o
I“'.I.. ° LY
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Focusing on price forecasting g

===: QObserved q95-q05 q85-q15 B q75-925 BN ¢65-q35 B 55-q45

The development of price = om0 TEQY . R I .
forecasting approaches
has intensified over the last
decade:

Price [€/MWh]

« within a probablistic
framework,

« for all market stages
involved,

* using more data and
better information

—
(=
(=]

1
~
\
J

Price [€/MWh)]
g 3

H
(=]
1

16 17 18 19 20 21 22
Jan
2017
P source: Andrade et al. (2017)
, .o:o:. . .-‘.
I. . .
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The classical problems, which never go away... o . s ’e

SV

—— True average supply curve - - - Iz SR e

40 -

Other have looked at ways to reveal
the supply curve (stack), e.g., with

w
o
1

iInverse optimization (Ruiz et al.,

Price [€/MWh]
N
o

2013),
« Bayesian estimation (Mitridati and

Pinson, 2017), 10 +
« Etc.

0 I | 1 I
0 500 1000 1500 2100
Quantity [MWh]
source: Mitridati and Pinson (2017)
< Capturing those curves is key to market participation as price-maker, or population-aware!

‘Yo
u.‘ osmor‘l'é'. R ES OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS 29
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PUShIng the State'Of'the'art USIng prObabIIIStIC INTERNATIOI:I:#.LUSMARTGRID .
information °\ e
In a general sense, the optimal offer for 9 _
renewables in electricity markets is ® = pred. intervals (cov. rates from 10 to 90%)
o —f#— point forecasts
S 71 |~ optimal quantile (to trade)
7-[+ —+— observations
E*=F ' | =0/ 3
nT+m N
where T 8 -
E. [qV}
F : probabilistic forecast for energy g s |
T : penalty for generating more than scheduled 8 -
n~ . penalty for generating less than scheduled 3 |
Are we really sure about knowing those 3

guantities?? o -
-> use of Distributionally Robust Optimization

.....
\J

."- o lead time [h]

[ I I I |
1 6 12 18 24

‘e ° .Smor‘|'4 R ES OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS 30
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And what if you are not a price-taker? '\

A 4

Your offer affect market outcomes

Price-taker

A 4

Your offer *will* affect market outcomes

X '--Smor’rerES

OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS
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What to do as a price-maker?

Somehow, one wants to model how
market outcomes may change as a
function of one's offer, I.e.

n*(E) : penalty for generating more
than scheduled

n~ (E) : penalty for generating less than
scheduled

And this can be done by
“drifting“ on the stack

INTERNATIONAL SMART GRID N Epa
ACTION NETWORK @ ./ ®

o oo s

RES/VPP offer

Alternative approaches: quadratic programming, and
T bilevel optimization (e.g., Baringo and Conejo (2013), Zugno et al. (2013))

L]
.‘:'..Sm0r1'4 R ES OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS 32
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Are you really a price-maker though? o ige

v

A single wind farm (/solar
power plant) may not be a
price-maker on its own

However, there are obvious
dependencies that will add
up:

- in the actual production

- in the forecasts and their
errors

- in the education and
strategy of the traders

i

— RES/VPP offer

=

.....
.

‘.
'.' osmor‘l'['. R ES OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS 33
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Key messages e _,..--.

« VPP is a mature technology.

Forecasting of RES production and market quantities is key for profitable VPP trading

« Accurate VPP production forecasting improves revenue
« Perspective: contribution of storage for ancillary services provision

« There are still many new challenges and areas to focus on, e.g.

« How to further improve trading within a probabilistic framework?
 Am | a price-taker or price maker with my VPP?

« How to account for population effect?

* Etc.

Smor‘i’ +RES OPTIMISING PARTICIPATION OF RENEWABLES GENERATION IN MULTIPLE ELECTRICITY MARKETS 34
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Further reading .. ___..-*-.

[1]: T. Soares, P. Pinson, T. V. Jensen, and H. Morais, “Optimal Offering Strategies for Wind Power in Energy and Primary Reserve Markets,”
IEEE Trans. Sustain. Energy, vol. 7, no. 3, pp. 1036-1045, Jul. 2016, doi: 10.1109/TSTE.2016.2516767.

[2]: S. Camal, A. Michiorri, and G. Kariniotakis, “Optimal Offer of Automatic Frequency Restoration Reserve from a Combined PV/Wind Virtual
Power Plant,” IEEE Trans. Power Syst., vol. 99, 2018, doi: 10.1109/TPWRS.2018.2847239.

[3]: S. Camal, F. Teng, A. Michiorri, G. Kariniotakis, and L. Badesa, “Scenario generation of aggregated Wind, Photovoltaics and small Hydro
production for power systems applications,” Appl. Energy, vol. 242, pp. 1396-1406, May 2019, doi: 10.1016/j.apenergy.2019.03.112.

[4]: C Ruiz, AJ Conejo, DJ Bertsimas, "Revealing rival marginal offer prices via inverse optimization," IEEE Trans. Power Syst., vol. 28, no. 3,
pp. 3056-3064, 2013

[5]: L. Mitridati, P. Pinson, "A Bayesian inference approach to unveil supply curves in electricity markets, IEEE Trans. Power Syst., vol. 33,
no. 3, pp. 2610-2620, 2017, doi: 10.1109/TPWRS.2017.2757980

[6]: M. Zugno, J. M. Morales, P. Pinson, H. Madsen, "Pool strategy of a price-maker wind power producer," IEEE Trans. Power Syst., vol. 28,
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