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Today, renewables do not
take part to AS mechanisms
& markets :

Y Cap on renewable
penetration

Y Missed/lost revenue
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FESO0E partners and funding
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FESODe Objective and means

Objective

Toallow variable renewables to providacillaryservices to the
electrical system and to possibly earn complementary income frc
this

Means

A Forecasts improvement => to anticipate volumes & prices

A Virtualpower plant VPP => to aggregate distarand
heterogeneouRES power plants

A Bidding strategies => to prequalify offers on the market

A Demonstration tests => to run the VPP at real scale



FES0De REstabldusiness chain

Forecasts: volume and prices
Challenges reliability, scalability, adaptability

Observed Production
= Symmetrical aFRR Forecast
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Energy and services markets bidding
Challenges uncertainty, arbitration
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Virtual Power Plant Control system
Challenges AS markets, heterogeneous technologies
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Advanced dispatch and validation
Challenges artificial intelligence,
Markov decision process
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FESODe pemonstrationg Use cases

5 Use case@® KPlIs petest)

Y UC1 FCR: Frequency Containment Reserf®@imary reserve)

Y UC 2a aFRR Automatic Frequency Restoration Rese(aeSecondargeserve)
Y UC2m MFRR  Manual frequency restoration resera. Secondargeserve

Y UC3 RR : Replacement reserv@Balancing Reserve)

Y UC4 VC: Voltage Contro{Local congestion management)

Joint Action within

Synchronous Area

Power/ LFC Area
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reserve activation

Frequency Containment Process Frequency Restoration Process

' T frequency

Time to Restore Frequency

occurrence of the
disturbance



FESODe Demonstrationg Scope

Climate Total agreed
Partner |Technology | Country Atlantic Continental |Mediterranean (MW)
wW DE 50 150 - 200
ENERCON wW FR - - 30 30
wW PT - - 20 20
PV FR - 0,7 11 11,7
HESPUL
wW FR 10 - - 10
CNR PV FR - 14 - 14
ENGIE- v, FR 246
GREEN )
TOTAL 61 531,7




FESADe Demonstrationg Tests

AP Test UCi UC3 uUC4 10T
= ECR RR Vs
n of tests
5 0 3 4
P
n of tests
5 1 3 8
DOWN
n minutes
15 30 15 5
per test
MW h 40 35 5 0 800

VPP ability to provide services to be evaluated by repeating a relevant

number of times prequalification tests usually requested for conventional
power plants

Energy losses during tests capped aMBh (total)



FESCDe Demonstrationg Metrics

9 KPIgper use case

A Number of undesfulfilments
A Number of oveifulfiiments
A Maximum undesfulfilment respecting to the offer
A Maximum overfulfilment respecting to the offer
A Maximum undeffulfilment Target = 0!
A Maximum oveffulfilment
A Energy of undefulfilment
A Energy of ovefulfilment | | B
Primary Cc:r.'.ljc: _Reser-‘e Pr Tlar:i Cc:r:ri‘P.ESfr;e Modified SeEcrdalr;,-l C_c.r*'.rc Reserve
A Amount of the service provide - ey it
5 T T T T T T
Targe ;f'-‘\PRI
Tolerance
g‘ — Realized APF
:
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sEciqhle Demonstration
- . conventional VPP (reference)



