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Energy storage technologies : four main categories considering preferentially
energy instead power

 Mechanical Storage :
Pumped Hydro (>70%)
Compressed Air (~50%) (~ 70%)
(Fly Wheels)
« Electrochemical + Electromagnetic Storage :
Batteries ( over 65% round trip efficiency up to more 90%)
(Super Capacitors, SMES)
- Chemical Storage : Power to Gas, Hydrogen, SNG, Synthetics fuels....
Low round trip efficiency

 Thermal Storage :

Sensible, Latent,
lBEC'g Thermochemical u



 Mechanical Storage :
Pumped Hydro (>70%)
Compressed Air (~50%) (~ 70%)
(Fly Wheels)

PROJECTE
RIBA ROJA--LA FATARELLA
Potencia 3GW
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Can this be done with electrochemical storage?

AR i IR EH Energy §torage will play a key

total in U.S.) role IN enabling the

oy i slored eneray  development of a low-carbon

2.5 x 1 mile, 842 acres -

+0.04 Wh/L energy density electr|C|ty system.

«Elevated 400 ft above Lake . -

Milckiigan In this way, It can ease the
market Introduction of

renewables, accelerate the

defossilitzation of the

™ electricity grid.

Pumped Hydro Storage

Systems (PHS) for large scale

electricity storage represents

almost 99 % of current

worldwide storage capacity




https://www.idae.es/conozcanos/proyectos-
de-excelencia/central-hidro-eolica-de-el-
hierro-gorona-del-viento 700m

(using desalinated water)

APPROPRIATE IN PLACES WHERE THE
OROGRAPHY PRESENTS APPROPRIATE
ABRUPT DIFFERENCES IN HEIGHT

B
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Compressed Air Energy Storage
N IMPROVING EFFICIENCY from 50% to 70%

INCREASING ITS RELEVANCE AS
ENERGY STORAGE TECHNOLOGY
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Underwater storage of pressurized air

(1) it has the potential to achieve very low cost per unit of energy stored,

(2) it naturally tends to exhibit an isobaric (constant pressure)
characteristic of pressure versus fill-level,

(3) in stark contrast to underground air storage, it is feasible in many
locations to establish economically competitive compressed air stores
at relatively small scales—measured in tens of megawatt-hours rather
than gigawatt-hours.

) Electricity
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* Electrochemical + Electromagnetic Storage :

Batteries ( over 65% round trip efficiency up to
more 90%)

(Super Capacitors, SMES)
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LIFETIME: nombre de cicles DoD/SoC _
Low LCOE >20 yearlife

Batterv Life Cvele based on Deoth of - Lowestcostover life in class
dtiery Lite L.ycle Dased on vepin o
Discharge - Modular from 5kWto 5MW to

12,000 match loads, scale duration
+ VRFB
from hours to days

- Stack life > 10,000 cycles,
electrolyte indefinite life, re-
usable & recyclable
Deep Cycle

lead Acid | * Performance

- - Deepdischargecycles, uses
M*GELLead D rge cyees, t

S == == = ST 100% of available capacity

indefinite in standby mode

- 75-85% round trip efficiency
Partial cycles have 0 effect

RE 3 Costos: 175€lkWh~BM$.L%‘
I C Pes: 4quilos 1kWh 1MWH ~ 4t
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The challenge of 1 Megawatt in 20 foot container

B From Li-ion cells to battery in container VESTM

24V-80Ah module E

29 modules 700V
plus 1 BMM

56 kWh Battery
assembled in //

Yechnical characterstics for 560kWh
battery:

1.IMW with 730V and 770Ah
20 ft container for a total weight of 14 tons
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20ft Container frame

20ft  heavy duty
container frame, fully
adapted to various
climate and location
(insulation -painting).
Quickly deployable
without heavy civil
work.

Multi corridor layout
Battery storage system
on 197 cabinet locate
along 4 corridors.

All data and power
connections on front

Distribution cabinet for power and comm

One 19" cabinet dedicated to control and auxiliary
devices.

Main power, supply and communication terminals

face.
Fire suppression system Easily access to hand-
Peoples and system security fully guarantee by liftable battery modules
embedded fire suppression system (20kg)
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Bardzour PV+ Battery project (La Réunion Island)

Akuo Energy is one of the first IPPs to develop and operate a
PV+Battery plant in a commercial manner

OMWp PV Plant with ESS to meet EDF SEI requirements
0 Shaping at 40% of maximum power
0 Primary reserve : 10% of maximum power / 15 minutes
0 Voltage control with reactive power

Optimum sizing is 9MWh/4.5MW Li-lon system

0 2 systems in 20 years

Energy capacity Losses Average DOD Lifetime

IMWh 11.3% £9.8% >12 years

14 MWh 1.5% 56.3% =17 years DO D / SO C
21MWh 0.7% 44.9% =20 years

—
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Redox Flow Batteries show better cost performance for large systems

+  Stationary
Batteries

Cost < 3
Benefit over

other
technologies
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VANADIUM REDOX FLOW BATTERY PROTOTYPE

e
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Cells number: 20
Voltage: 30V
Current: 50 A
Power: 1.5 kW

Redox- flow battery (RFB) IS a type of
rechargeable battery that stores electrical
energy in two soluble redox couples




« Chemical Storage : Power to Gas, Hydrogen, SNG,
Synthetics fuels....

Low round trip efficiency

EMMAGATZEMATGE ENERGIA ELECTRICA EN
ENERGIA QUIMICA

 HIDROGEN.
« METANOL.
« AMONIAC.

« SINTENTICS ( NEUTRES | BIOGENICS).
« BIOMETA,

EFICIENCIA DEL “ROUND TRIP”: BAIXA
IRECS AVANTATGE: TRANSPORTABILITAT/MOBILITAT.




‘ Renewab
iog fuels and
DAC direct air chemical

carbon capture

GREEN HYDROGEN + GREEN OR NEUTRAL CARBONS +
for producing SUSTAINABLE CARBON CHEMISTRY

Renewable
driven circ

economy
challenges
L £T Sustainable
[ 1. |} — Synthetic > 5€/L
Fuels ??
100MW optimized design - fully automated
30.370Nm*/h, 43,964kg/day, 5-200barg
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