<
-
-

4"?‘?

.-; -:

!

‘. 2 S
v ,‘s
-

S

Energy Storage Research&Development
BAT-TECH

J.R.Morante

IREC, Catalonia Institute for Energy Research, Placa de les Dones de Negre,1.
Sant Adria del Besos, 08930. Spain.

Department of Electronics, University of Barcelona, C/Marti i Franques,1.
Barcelona,08028. Spain.

Ittth EgdCtIy
Catalo Ittle ergy Researc



IR
thematic lighthouses for battertes: -~

moDbility amaaugwmrlcalﬁrld

appllcatlﬂns‘_* = 85 L &

N
|

\”

Main problem: energy density and cost’s
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Future of batteries: ASSB

Materials road for future batteries
Thin-film battery
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Atomic Layer Deposition (ALD) of the metal combined with the Molecular Layer
Deposition (MLD) of the organic precursor are used to prepare coated electrodes.
Silicon anodes coated with hybrid organic—inorganic thin films titanicone (TiGL)

www.nature.Com Scientific Reports 12, 137 (2022)
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PATHWAY TOWARD THE ALL SOLID STATE BATTERIES



https://www.nature.com/srep

OTHER DIZVELOPMENTS OF LIS
BASED BATTERY TECHNOLGQ

1000Wh/kg

"

Main  advantages of LiS
Anode ot Batteries are  their  high
Cathode: N theoretical capacity 1675 mAh/g
and high energy density 2680
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Anode: C : :
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Future of batteries: LIS

* High energy density
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* High temperature range form -60 to 602C, demonstrated by SION POWER
* High Stability ( 5000 cycles)

* Research in carbon based electrodes and corrosion of the anodes
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Rational design and implementation of high-
performance LSB batteries.
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Organic redox couples dissolved in electrolyte
(non-aqueous or aqueous solution)

Stationary batteries

All-organic redox-flow battery

Institut de Recerca en Energia de Catalunya
Catalonia Institute for Energy Research

WG )

Carbon Membrane/
l - eleclrod(‘v { separator O l
Charge Charge

ki A
A cm N

k \

Y i lon \

M itransport | .

A
==

'
'
'
'
'
.

=

Anolyte \ Al Cimetle / Catholyte
L Discharge | Discharge J
‘ Bipolar plate I w Current ‘
| collector
Pump éﬁp
L 2
. | s
v 1 !
l = clectrode Membrans "
i "
{ Energy efficiency | lLong-term stability l .I CIER
| Analyte lon | .
I transpart | -
J ._I SCERLIEERL
l Catholyte and anolyte I LElectrode Membrane
i ORR
- s :
- [Sopporting seiaye] oo Duchwge! |
2 2 Bisal . Ajr electrode
—-‘ Redox couple | Functional groups Pl plate
[ i { ; - = PR
Redox potential Heteroatom doping { lonic conductivity r 1
. Pumip

-{ High solubility | Low viscosity |

—{ lon-transport kinetics I

[ Precipitaion f*' Temperature I

High conductivity ‘

Electron-transfer kinetics I

~—‘| Chemical stability }
*{ Voltage efficiency J

—{ Permeability }—[ Porosity I

—{ Wettability
~1 Chemical stability

—{ Coulombic efficiency l

next-generation flow-battery technolo




BATTECH (B

IRECY eurecal

Your R+D+i
partner for batteries
and electrification A



BATTECH (%)

IRECY eurecal

Research & Innovation
Ecosystem

STRATEGIC PARTNERS

BATTERY CLUSTERS
& ASSOCIATIONS

BATTERIES
SR PO BE A
ALLIANCE PARTNERSH B et

endesa idneo ¢y es
+MILLOR === 3
sience” Arplus® @

TORROT

Oevim <EERA

D trerey storape y i
Wy

WLDF{EE -
oo e BATTERYPLAT A E P 1B A

CLUSTERS &
ASSOCIATIONS

ciac# clustermete”

SECTORS
eureca[ Mobility (Automotive,

ER INEVZTR
IRECIa Aerospace)
B Logistics and
services
Energy

earp?«“\
i ' 265
CIDAI::=.. XRELSD 262
€Y SsoLARTYS

UNIVERSITIES &
RESEARCH INSTITUTES

URB WICMAB &ch2)

PUBLIC ADMIN. (CAT, ES, EU)
Funding Instruments

IREC & Eurecat as a
Battery Hub to create and
boost a research and
innovation ecosystem to
support different sectors

ACCIO

European amatnda iy
Gamermlitat LR
" e I rmtin, b

11




jl 54riECH ()

IRECY eurecal

Why a Batteries Joint
Research Unit?
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Why a Batteries Joint
Research Unit?

Global battery demand by application  CAGR, Global battery demand by region CAGR,
GWh in 2030, base case % p.a. GWh in 2030, base case % p.a.
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FIGURE 1: CURRENT AND PREDICTED GLOBAL BATTERY DEMAND.?

*World Economic Forum, M. analysis. A Vision for a Sustainable Battery Value Chain in 2030 Unlocking the Full Potential to
Power Sustainable Development and Climate Change Mitigation.
http:/fwww3.weforum.org/docs/WEF_A_Vision for_a_Sustainable Battery Value_Chain_in_2030_Report.pdf (2019)
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Why a Batteries Joint
Research Unit?
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Battery value Chain

Technology for cell, battery packs, and systems development

Materials & Cells

R+D

« Li-ion, Na-ion, Li-
S batteries, All
Solid State
batteries, Redox
flow batteries,
Supercapacitors
and hybrid
systems

Synthesis-
structure-
properties
correlation of
(nano)electrodes

Electrode coating

lonic liquid cell
electrolytes

Polymer
electrolyte
membranes

Module & Battery
Pack
development

* Housing BP

- Multi-material

- Light materials
(Composites,Al,
AHSS)

* Battery
Management
Systems (BMS)

BMS
Development
Power
converter &
controls design

Energy systems

hybridization

Sensors
integration

Testing &
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of Cells, Modules

and Battery Packs

* Benchmarking
* Quality control
* Safety

* Accelerated
ageing

* Cell to Battery
validation
(standards or
tailor-made)

* Abusive tests
following
standards for
safety (UN, UL
and R100)

* User-defined
tests

Modelling &
Simulation
* Model
generation:
* Empirical
- Electrochemical
- Ageing
- Thermal

« Algorithms for
State-of-charge
(SOC), State-of-
health (SOH)

* Cell, module and
battery
electrochemical
and thermal
simulation

Power Electronics
& Grid Integration

« Battery
Management
Systems (BMS)
validation

» Power electronics
& Grid integration

- Grid integration
studies &
validation
Smart
Charging/V2G,
AC/DC
charging points
design

Energy Systems

Analytics

+ Charging point
management

V2G, Smart
charging & EMS
integration

EMS including
electromobility
services

EV forecasting

Data
management:
usage of EV data
for BM
evaluation, SOH
& EoL, new
services.

2nd and End of life
batteries

* Reuse and
recovery battery
and cells

« 2nd life studies

* Post-mortem
analysis

« Safe dismantling
and preparation
for recycling

* Metal recovery
« Battery Passport
* HAZOP Analysis

Circular
« Safe dismantling and preparation for recycling Econom Yy

+ Eco-design/Design for Circularity + Life Cycle Cost & Social Life Cycle

Assessment

* Levelized cost of energy (LCOE)




Materials & Cells
R+D

« Li-ion, Na-ion, Li-
S batteries, All
Solid State
batteries, Redox
flow batteries,
Supercapacitors
and hybrid
systems

* Synthesis-
structure-
properties
correlation of
(nano)electrodes

« Electrode coating

« lonic liquid cell
electrolytes

* Polymer
electrolyte
membranes

Battery value Chain

Technology for cell, battery packs, and systems development
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Battery value Chain

Technology for cell, battery packs, and systems development

Module & Battery
Pack
development

* Housing BP

Multi-material
Light materials
(Composites,A
HSS)

« Battery
Management
Systems (BMS .

i Médulo 4 packs (2x2)

BMS

Development
Power
converter &
controls design
Energy systems
hybridization

* Sensors
integration
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Battery value Chain

Technology for cell, battery packs, and systems development

Testing &
Characterization
of Cells, Modules
and Battery Packs

* Benchmarking

* Quality control
* Safety

* Accelerated
ageing

* Cell to Battery
validation
(standards or
tailor-made)

* Abusive tests
B following
E " standards for
| [ safety (UN, UL
and R100)
2 J! + User-defined
"\ tests

Cell Module Battery Climatic Walk-in Climatic Safety Fire Resistance Nemesis
Testing Testing Pack chamber chamber Container
Testing
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Battery value Chain

Technology for cell, battery packs, and systems development

Characterization and modelling for Battery
Management System development

Modelling &
Simulation

* Model
generation:

Empirical
Electrochemic

Ageing
Thermal

» Algorithms for — i )
State-of-charge Ro+ -4+
(SOC), State-of- 1+4sR,C, ' 1+5R,C,
health (SOH)

* Cell, module and
battery

electrochemical
and thermal
simulation
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Battery value Chain

Technology for cell, battery packs, and systems development

Power Electronics
& Grid Integration

* Battery
Management
Systems (BMS)
validation

» Power electronics
& Grid integration

- Grid integration
studies &
validation

- Smart
Charging/V2G,
AC/DC
charging points
design
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Battery value Chain

Technology for cell, battery packs, and systems development

Driving and charging patterns of EV users
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Battery value Chain

Technology for cell, battery packs, and systems development

2nd and End of life
batteries

* Reuse and
recovery battery
and cells

« 2nd life studies

* Post-mortem
analysis

« Safe dismantling
and preparation
for recycling

* Metal recovery

« Battery Passport
* HAZOP Analysis




Battery value Chain

Technology for cell, battery packs, and systems development
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Past, Present and

Future
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Selected Total budget ~ 12 M€
projects - T _
The project is coordinated by IREC.

Cobalt-free COBRA aims to develop a novel Cobalt-free
batteries for Lithium-ion battery technology that overcomes

: many of the current shortcomings faced by Electrical
future automotive Vehicle (EV) batteries. The proposed Li-ion
applications technology will be demonstrated at TRL6 (battery
pack level).

,.,0, 1C=333mAhg "
U, Ni; ,Mn, O, 1C=250 mAhg
U, i, Mn, . Sn, O, 1C=250 mAhg

Discharge capacity (mAhg"')
o3383385888

0 20 40 60 80 100 120 140
cycles

Material testing
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Cell development
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Selected
projects

o 4
Sl

Manufacturing and VERSATILITY

Assembly of m lar an
-...h ssembly of modular and

INTEGRATION
& VALIDATION

MARD: B

Environment-friendly and
Lightweight mobility

FUTURE
PERFORMANCE
& SAFETY TEST

PROCEDURES

_ eurecal W rEicosA () rowertech
) ) + Useful Battery life up to 300,000 km ‘ m—
> 20% weight reduction

o ) + Easy & Safe (dis-)assembly m 0 (€& Arplus® M."”'{ -
> 25% charging time reduction automatization ) 4 IDIADA  Jeemisnepioctscny

> 40% LCA improvement by + Reparability and 2" life transition
using modularity )
» Adaptable to all cells and vehicles

Total budget ~ 12 M€

The project is coordinated by EURECAT.
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Clients and Partnerships
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Thank you!
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