—_ h“b\t*ter‘r
N\ 2 / :

Pro1c Dr Eng

A

~n

e

/".-' ' l .o’ >

’o
. :'.‘ 2 -"-'('. -
N S
ation Center. maitane.berecibar@vub.be



Expected growth in global battery demand by application (left) and region (right).

Global battery demand by application
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Global battery demand by region CAGR,

GWh in 2030, base case o p.4.

2,623

971

f02 RoWw a8

%
44 178
2020 2025 2030

maitane.berecibar@vub.be



Battery technology - Today

Performance Main Applications
. Trucks/
Type Chemist i
yP i Energy Power Cale_ndar CYCIE Safety/Stability Cost Consum_er Power nght_Duty Cars Commercial Buses Grid
Life Life Electronics  Tools Vehicles .
Vehicles
LFP LiFePO ++ ++ ++ ++ +++ + ) . . . . . .
(Lithium Iron Phosphate) 4
NCA
(Lithium Nickel Cobalt LiNiCoAlO; +++ +++ ++ ++ - + . . . .
Aluminium Oxide)
LMO
LiMn,0 + +++ - ++ - ++
(Lithium Manganese Oxide) tVin22a ¢ ¢ ¢ ¢ ¢
LCO .
(Lithium Cobalt Oxide) LiCoO, e " * * * *
LTO
LigTisO - +++ + +++ +++ -
(Lithium Titanate Oxide) lallsP * ¢ ¢
NMC
(Lithium Nickel Manganese LiNixCoxMnx02 +++ e ++ ++ - ++ . . . . . . .
Cobalt Oxide)
HE-NMC
(High Energy Lithium Nickel LiNixCoxMnxO2 | ++++ e + - - ++ . . . . . . .
Manganese Cobalt Oxide)
HVS (High Voltage Spinel)” LiMnysNipsOs | ++++  ++ + + - + . . . . . . .
Solid State™ +H++ ++ ++ - +++ ++ . . . . . . .

* currently at TRL6-7
** currently at TRL4-5

Roadmap EMIRI
Battery Innovation Center. maitane.berecibar@vub.be



Battery technology — Next Gen
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Volumetric Energy Density (Wh/I)

Important for volume-critical applications (e.g. portable electronics)

Roadmap EMIRI . _ _
Battery Innovation Center. maitane.berecibar@vub.be



Battery technology — Future
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Solid State

= Development of a functional
(intergranularly high Li-ion
conductive) coatings.

= Different compounds

PVDF-HFP based Solid
polymer electrolyte self-
standing film

LLZO ceramic filler added in
Solid polymer electrolyte to
prepare the Composite solid
polymer electrolyte

innov'"'S brusselses

empowering research

-

Figure : PVDF-HFP/LITFSI based solid polymer
electrolyte (SPE)

Battery Innovation Center.

Figure : PVDF-HFP/LITFSI/LLZO based
composite solid polymer electrolyte (CSPE)

maitane.berecibar@vub.be



Solid State

Next-generation lithium-ion batteries will need to offer higher
energy and power densities at a lower cost.

the aim is to develop a high-performance battery with energy
density of 400 Wh/kg for electric vehicles through the use of
innovative manufacturing techniques and 3D printing.

AM4BAT outcomes will contribute to the creation of a
sustainable European battery manufacturing value chain,
helping the EU to succeed in the electric mobility rollout.

https://cordis.europa.eu/project/id/101069756

Battery Innovation Center. maitane.berecibar@vub.be
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Battery Degradation

Cause Degradation Mechanism Degradation Mode Effect

SE| growth

SE| decomposition
High temperature ’ e
Electrolyte y Loss of lithium inventory

decompaosition

High V,/SOC. — Binder decomposition Capacity fade

~ Graphite exfoliation

Current load
Structural disordering
Low temperature Lithium plating/dendrite ;
g
BN e

Loss of active cathode

Electrode particle '
pa material

cracking
Mechanical stress

\\\\

Transition metal
dissolution

Corrasion of current
Low WV _/S0OC_,

collectors

Birkl, Christoph & Roberts, Matthew & McTurk, Euan & Bruce, Peter &
Howey, David. (2017). Degradation diagnostics for lithium ion cells. Jour

of Power Sources. 341, 373-386. 10.1016/j.jpowsour.2016.12.011. Battery Innovation Center. maitane.berecibar@vub.be



Battery Degradation

 AcidicpH = Graphite

= Silicon = Li-metal oxides
= Li metal = Li-metal polyanionic -

Structural
Disordering

Microcracking &
Electrolyte penetration

\ 4
Transition Metal

Oxygen Evolution & Dissolution
Gassing

Chemical Crosstalk

Ref: Self-Healing: An Emerging Technology for Next-Generation Smart Batteries - Narayan - 2022 - Advanced Energy Materials - Wiley Online Library

Battery Innovation Center. maitane.berecibar@vub.be


https://onlinelibrary.wiley.com/doi/10.1002/aenm.202102652

BATTERY
-)2(+

Seltf Healing

* Design and structure of a self- Scheme 1
healing silicon electrode

Scheme 2
Lithiation Selt-healing
> ot com—)
B Silicon materials [ Lithiated silicon materials

I Traditional polymer binders B Seif-healing coating

Battery2030+ Roadmap, March 2020 . . .
y P Battery Innovation Center. maitane.berecibar@vub.be



Bat4Ever BATAEVER

Wl s project s fur

e Silicon Particles Coated with Self-

healing Polymer Binder CB

* Embedded into lonogels as High-
capacitive Anode

Gels/Ionogels:
crosslinked
network

* High-Energy Cathode Material of Core-
Shell Morphology

Porous ,ﬁ%%m&“

-~
electrolyte ""# S, "7"‘

Anode Cathode
Si-NPs
Self-healing binder Q
(B-PANI/PVA, IL/PILs)
/ / core/shell
Self-healing binder NIG R
https://bat4ever.de/WordPress/ (B-PANI/PVA, IL/PILs)

Battery Innovation Center. maitane.berecibar@vub.be


https://bat4ever.de/WordPress/

Sensors

A future battery with an
output analyser connected to
sensor (optical fibres, wires,
etc.) in addition to the
classical positive and negative
electrodes.

Battery2030+ Roadmap, March 2020

GPS satellite

%

S 4

Optical fibre
Other 4

parameters I outlet

Optical fibre

Cu Separator Cathode
Anode

Battery Innovation Center.

BATTERY
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BATTERY

Sensors Spic

chemical | (Tep  Acousies  FBGTRBG G
Phenomena # ? Q ))) 0 — » Sc:co
soc &
SOH & o
Thermal @ @ @ O @ ©
Strain @& O @ @ o
Pressure & @ & &
Crack ® @ & ®
Molecules ] & ] @ &
Safety @ O
Degree of appropriateness: Green, strong; : Red, weak

https://doi.org/10.1016/j.etran.2022.100207

Battery Innovation Center. maitane.berecibar@vub.be



SPARTACUS

SPARTACUS

Sensors:

* Mechanical sensors

* Acoustic sensors

* Temperature sensors

* Electrochemical impedance spectroscopy.

* Novel SoX estimation algorithms for new Battery
Management Systems

Applications ' o

* Electric mobility (Auto, E-bus) .
* Industrial applications

e Portable electronic devices © A. Latour, CEA for SPARTACUS

Details of the printed circuit board for the
battery sensor system with mounted
temperature sensor and printed ultrasonic

https://www.spartacus-battery.eu sensors.

e Others (Medical devices, power tools, gardening
tools, e-bikes, etc.).

Battery Innovation Center. maitane.berecibar@vub.be


https://www.spartacus-battery.eu/

BATTERY
Integration of smart functionalities: D4k
The synergy between sensing, BMS, and self-healing.

e A

Sensin
g Sensor detects an
issue in the system

Actuators
intervene
to heal
the system

Battery2030+ Roadmap, March 2020 . . .
y P Battery Innovation Center. maitane.berecibar@vub.be



BATTERY
Integration of smart functionalities: D4k
The synergy between sensing, BMS, and self-healing.

e A

Jenng Sensor detects an
issue in the system o °

Actuators
intervene
to heal
the system

Battery2030+ Roadmap, March 2020 . . .
y P Battery Innovation Center. maitane.berecibar@vub.be



Manufacturing -

STANDARDIZATION

PHYSICAL MANUFACTURING PLANT

4 3

MIXING COATING CALENDERING CUTTING STACKING FILLING FORMATION
MATERIALS 2 . j" CELLS
N P —
i & 0%9, ) \r@ —fie
& |7

DECISION MAKING ! | DATA
FRAVEWORK DIGITAL MANUFACTURING FRAMEWORK ADQUISITION

MACHINE MODEL MACHINE MODEL MACHINE MODEL MACHINE MODEL MACHINE MODEL MACHINE MODEL MACHINE MODEL

PROCESS PROCESS PROCESS PROCESS PROCESS PROCESS PROCESS
MODEL MODEL MODEL MODEL MODEL MODEL MODEL

& e <] al
CALENDERING TTING \CKING LING

MATERIALS CELLS

FORMATION

VIRTUAL MANUFACTURING PLANT

https://doi.org/10.1002/aenm.202102696

Battery Innovation Center. maitane.berecibar@vub.be
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Manufacturing -

STANDARDIZATION
PHYSICAL MANUFACTURING PLANT
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MIXING COATING CALENDERING CUTTING STACKING FILLING FORMATION
- i ° i
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i . o S S
> e \r@
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https://doi.org/10.1002/aenm.202102696
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Thermal Management

*Objective: To allow fast battery charging up to 5C under different
weather conditions:

*A smart modular battery pack, which has excellent internal thermal
conductivity properties, a refrigerant cooling system and a PCM
based thermal storage system (heat buffer) capable of absorbing
excess heat due to fast charging, and which is thoroughly insulated
from the outside

*An advanced battery thermal management system (BTMS), that is
capable to keep the battery temperature effectively within the
optimal window and to prevent overheating (and battery
degradation) due to fast charging.

https://eu-project-selfie.eu Battery Innovation Center. maitane.berecibar@vub.be



https://eu-project-selfie.eu/

= 1

Thermal Management ELFIE

5

* Battery cell-level experimental research

e Several thermal management performance
assessments

* Experimental validations and High-Fidelity
thermal management models

70

60 | 57.24

50 |

e Module level assessments on novel solutions
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https://eu-project-selfie.eu/

Real Time Cloud Simulations

Objective:

To reduce the development time (time-to-market)
by 20% through standardization of the
model/simulation, thereby enabling:

1) Easy reuse of models for different tasks and;
2) Reduction of the real testing of subsystems by
virtual seamless testing.

https://project-panda.eu Battery Innovation Center. maitane.berecibar@vub.be



https://project-panda.eu/

Real Time Cloud Simulations

Stand-alone HIL
& cloud-based HIL

Real-time
simulator

N
il e of e v ]

3
4] o g — T lerencn
Tirqn s
v | "
” et
g )
L
]
o

HIL testing the battery HIL testing the e-drive
‘m gg&\éggglmw ggi&ﬁresité

https://project-panda.eu Battery Innovation Center.

Ra

Models are uploaded in cloud

Cloud models are linked to
interphases and applications

Stand-alone tests on EV components
with Cloud models

Co-simulations in real time with
multi-le components and models

Study cases: EV(ZOE) and HEV

maitane.berecibar@vub.be


https://project-panda.eu/

Smart Charging Z3VOLVER

B Connected Electric Vehicle
Optimised for Life, Value,
Efficiency and Range

Are big batteries crucial for long distance trips?
A smaller battery is beneficial for climate change
Objective:

A dynamic connection to big data and computational capabilities in the cloud enables optimising the
EV’s energy and thermal management level.

* |t leads to a Reliable Range Prediction, Eco-routing and Eco-driving as well as novel functionalities like
Smart Fast Charging and Assured Charging.

https://cevolver.eu Battery Innovation Center. maitane.berecibar@vub.be



https://cevolver.eu/

Smart Charging {AVOLVER

Connected Electric Vehicle

Optimised for Life, Value,
Efficiency and Range

development of a virtual simulation framework
that allows to develop advanced energy and
thermal management strategies using connected
information for different functional architectures
of the thermal system.

the simulation framework will also serve to
compensate performance differences in the
demonstrator vehicles caused by noise factors in
environmental conditions.

https://cevolver.eu Battery Innovation Center. maitane.berecibar@vub.be
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Battery Digital Twin

o = ! Artificial
(se==cocosocoosonsosoonononsoosoneeso N~ Data Models : :
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https://doi.org/10.1016/j.egyai.2020.100016  Battery Innovation Center. maitane.berecibar@vub.be
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Second Use

First Use

Ly

-
o=

Ln
=

Y
=

Mileage Years

Sustainability Assessment of Second Life Application of Automotive
Batteries (SASLAB) — JRC Technical Report Battery Innovation Center. maitane.berecibar@vub.be



Building Batteries - CLEVER innov <. brussels <

 Development of a second life battery asset model that can be
used for Energy Management System in industrial or
commercial buildings and sites.

3.
AN

 Development and demonstration of an energy management
system for a second-life battery storage system to perform
peak-shaving.

 Development of an intelligent cooperative EMS architecture
which allow an EMS for a BESS and an EMS for smart EV
chargers to cooperate towards the same objective.

Battery Innovation Center. maitane.berecibar@vub.be



Grid Applications - REASSURE innov

Objective: Develop a multi-approach technique/platform to integrate and use smartly the different assets
of a specific grid application

* Understand different contexts with different operating assets (PV installation, battery, HVAC system,
etc.) and operating conditions.

* Facilitating the integration of real-world datasets originating from several different sources
* |nvestigate exiting techniques.
e Standardization of data. S

* From lab and demo testing.

Battery Innovation Center. maitane.berecibar@vub.be



Vehicle to Grid

e Research shows that V2g has no immediate extra negative effect on the aging of
the battery in comparison to normal behavior of the electric vehicles.

Step 5. 7 hour rest time

091 65 % SoC 15 % DoD 80 % SoC
—h @ WLTP driving cycle (25 km) 5 /\

HOME Work
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o e
3
™

95 % SoC
Q 65 % SoC 15 % DoD ams::c@
-
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HOME Work

Yi Li et al., The impact of the vehicle-to-grid strategy on lithium-ion battery

ageing process, EVS31 . _ _
Battery Innovation Center. maitane.berecibar@vub.be



2nd Life Batteries — SoH/RUL

* Create physics-based and hybrid based | IC-DISCHARGE

-20

models related to the energy storage ol
application profiles.

-40
-50

-60

* |dentify the degradation modes based
on the use-cases.

-70 BoL
—Cell C - BoL
—Cell B - 98.26% ||

—Cell C - 98.14%

-80

-90

Incremental Capacity (%Q/V)

—CellB-94.91% | |
. 100 L ' ——CellA-87% |
e Combine and create flexible models for 1% ——Cell A- 84.7%
-110 .
remaining lifetime assessment and oo | | | | |
. . . 34 35 36 3.7 3.8 3.9 4
performance degradation estimation. FC Voltage (v)

Battery Innovation Center. maitane.berecibar@vub.be
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T | g & | BATTERY
Battery Innovation Center m €Q o

* Sibased, Solid state, Li Metal, other
e Self Healing

Raw Materials
e Social aspects
e Life Cycle Assessment

* Eco-Design and cost evaluation

\ Manufacturability
' '’ Upscaling
padl s N 1 Fabrl-catlon and Optimization
yclability: . Sensing
3 Post Mortem
«  Adaptation of Modelling 2
Evaluatiop of Second Life: Usage
. E:Eig 4 E-Mobility & Stationary

- Remanufacture  Modelling: Electrochemical, Thermal, Electrical, Lifetime
. Recycle  Smart State Estimations: SoC, SoH, SoF, other

Safety Task Chair at BATTE ; .-J I  Thermal Management & Cooling Strategies IEC
Batteries Europe ' e Standardization: TC69 (secretary), TC21 (expert) [=——

Battery Innovation Center. maitane.berecibar@vub.be



s BN -

12 climate chambers
e 50L, 250L, 350L, 3 Walking chambers
e -40to0 180 °C

42 impedance spectroscopy channels
* High Frequency testing

Thermal imaging equipment

e -40°Cto 150°C

Thermal management platform
* Cooling System prototyping
dSPACE

& -

berecibi@vub.be
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BIC Infrastructure _

Argon Glove Box for Post-Mortem Analysis
In-Situ XRD of battery cells

Dry Room -50°C dew point = T

* Manufacturing Lab f i
 New Emerging Technologies Feasibility - ‘

Battery Prototyping \
e Battery Electrode Coater (Doctor Balding)

« Ball Mill

* Disc Electrode cutter

* Vacuum Oven

* Pouch cell sealer

* Hot press

Battery Innovation Center. maitane.berecibar@vub.be






S~
Conclusions : ﬂ ’

* Higher energy density batteries are currently under research. !

* Smart functionalities based on self healing properties and sensor integration are
now under research to increase the lifetime and safety of batteries.

e Battery manufacturing is under research to produce homogeneous and high-
quality battery cells.

* Fast charging is becoming feasible with the adequate thermal management
strategies

* Real time cloud simulations can reduce the time to market.

* Smart charging can be used for efficient sizing and usage of the battery.

« 2" |ife is under research for buildings and grid applications, SoH / RUL
estimation

‘m [_‘ )| INNOVATION Battery Innovation Center. maitane.berecibar@vub.be
h
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