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INTRODUCTION

» EDF is one of the largest utility in the world

136.2 GWe ----- > 38.5 M

= Around 120 researchers work in the
department of EDF R&D dealing with
optimization

= The development of undispatchable
renewable energy plants & improvements
in storage technologies have brought
some new topics of research
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CONTEXT : RELIABLE SUPPLY OF ELECTRICITY IN
REMOTE ISLANDS

» Energy : +60% of electricity comes from oil and coal

fo & La Reunion = Power : instantaneous production of renewable

energy is capped at 30% of the load

Saint-Denis 8.5 MW
N\ 2.2 MW

wind
Hydro.

+ storage

Thermal

100 MW
Squ]te Rose

-{L 6.3 MW

%obﬁ

Bagasse/Coal

0.9 MW
+ storage
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Installed capacity
of PV : 163 MWp

<epF Son raT— 10 km
Annual load : ~2,8 TWh
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A LONG WAY FROM THE ORIGINAL CONCEPT TO REAL-
LIFE OPERATIONS

NGK requests that
customers refrain from

Inverter building  Battery building using its batteries

9
2015
®5011

Launch of PEGASE

O 2009 + call for tender of the energy regulator

1MW / 7TMWh battery
installed in La Réunion

006 Mo

PV + battery = a given profile
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First technical and economical studies

Underlying idea: storage can help lower the impact of

¢ variability and forecast uncertaint
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A MODULAR CHAIN HAS BEEN DEVELOPPED

Rennev;/able Storage Production
energy system forecasts
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A MODULAR CHAIN HAS BEEN DEVELOPPED
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TECHNICAL CARACTERISTICS OF THE

PRODUCTION SYSTEMS

Photovoltaic production

= 2.5 MWp
= Measures every 5 seconds
= Curtailment allowed

Storage
Distributed Intermediate Large scale
System class ESS ESS ESS Power

=  Sodium-sulfur technology

= Available power :
1.2 MW for charge
1 MW for discharge

= Available energy : 2.5 MWh

Typical size
= End-of-day state of charge
Technology
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Applications

Self-storage
and back-up
residential with
PV

3 kw
5-10 kWh

Li-ion/Lead-acid

Peak shaving,

e Frequency and voltage
deferral a Y an 9
) regulation
substations /
Renewable farm

smart grids /

micro isolated isgiaton
networks
100 kw 1MW
300 kWh 500-1000 kwWh
Li-ion

Li-ion/Lead-acid  Flywheel/SuperCapacit
ors

Large scale
ESS Energy

Load levelling
Energy transfer
Renewable farm|

integration

1MW
4-10 MWh

NaS/ZEBRA
Li-ion
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FORECASTS OF THE PRODUCTION

50 km
Meteorological models
10 km Satellite _
Climatology
5 km Statistics
Imager
1 km | Persistence ‘
10 min 1 hour 6 hours 1 day
s Eansy 1 pixel
T 4 = 2.5 km?
1 dot ' : N

= 1 meteo station
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SOLUTION USED FOR THE PROJECT
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PRODUCTION PROFILE CONSTRAINTS FOR THE

TOTAL OUTPUT POWER (PV + STORAGE)

+ 2.5% of the PV

: : ' lled
Ramping gradients power insta
have threshold : V __________________
values — T A
=
=3 . ! Max allowed:
o | i i N 40% of the PV
=/ E power installed
o |7 i i
Ramping-up | Max-of-the-day | Ramping-
phase production phasei down phase v
tStart and tend can tstart tend

be announced up
to one hour before

_V'

+ Penalties when
production # bid

+ Storage constraints
(yield, state of
charge, # of cycles)
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BIDDING PROCESS

7:30 am PV forecast 1 pm PV forecast
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POWER DELIVERED TO THE GRID

smmmd Real time
 regulation '

Battery production

Results from
last optimization

s Instantaneaous
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SETTING OF PARAMETERS

» |evel of the penalties can be linked to the level of uncertainty of the forecast

average of the :i climate average
forecasts

The forecast error rises with the time horizon

energy imbalance

Same volume of {Scen 1----- | DR R REEEEEEEEEE

Penalization is Penalization is
almost sure likely

Scenario 2 should be chosen to take into account the lower probablity of

K being penalized =» possible with a variable penalty (decreasing over time)
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BATTERY MANAGEMENT SYSTEMS NEED SPECIAL
PRODUCTION FORECASTS

= A smooth transition between the time scales is important for the optimizer

= The best forecast every 10’ (mean error & RMSE) might not be as useful as a stable
forecast with lower performances = need for new indicators ?

= Mean forecast scenario with confidence interval
=» it is a matter of risk management
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CONCLUSION

= Working with a modular chain developped by researchers from different fields has
been a challenge

o Management of the data flows
o Optimizer-regulator coordination
o « Obvious things » are not the same for everybody

= We have reached a much better understanding of the most important parameters to
optimize jointly a storage and renewable power plants in a given set of constraints

= Another call for tender has been published by the French energy regulator in May

o Writing the specifications for this document is itself a multicriteria optimization problem
for a system operator
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