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“Batteries: indispensable but perfectible 

allies of tomorrow’s world”
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Batteries within the context of the energy transition to lower CO2 footprint  
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Chemical energy Electrical energy

Batteries

Electrochemical storage

John B 
Goodenough
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Whittingham

Akira 
Yoshino

NOBEL 2019

Greatest breakthrough 
in the field of electrochemistry 

during  the last century
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Rechargeable Li-ion batteries: Schematics and principles
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100$ / kWh

100$ / kWh

Another key player in Li-ion development

❑

(5 billion of cells per year) 

100$ / kWh
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At the 
cell level

At the 
pack level

Announcement by E. Musk in April 2015

22 
September 22nd

2020

Tsunami in the world of battery manufacturers and users



NISSAN "Leaf"

RENAULT « Fluence"

GM  « Volt"
TOYOTA "Prius"

BOLLORE "Bluecar"

TESLA  « Model3"

PEUGEOT "iOn" MERCEDES "B250e"

More than 450 
models exist

150 millions en 2040
● EV sales

Spectacular expansion of annual battery production? 

BOOM of the electric vehicle (EV) 

The world of battery has become a dynamic environment

Gigafactories grow like wildfire

2020

450 GWh

2025

1500 GWh

2030

3000 GWh

ACC

Verkor

Europe hopes for 19% of battery production by 2029 compared to 1% today. 

In France: 6 Gigafactories
- ACC (TOTAL Energies, Stellantis,)
- Verkor (Renault);
- Blue Solutions
- ENVISION AESC (Chine-Japon-US),
- Prologium (Taïwan),
- TIAMAT (Stellantis)

Just like over 96% of the materials 
used in Li-ion batteries

98% of assembly machines
are imported

+



Batteries: a world of constant scientific emulation driven by business 

Li-ion: sustained performance improvements

How to keep this momentum ?  

An appealing growing market 

The lithium-ion battery market will grow from ≈+1 200 GWh in
 2023 to ≈4 200 GWh in 2030

 -
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Industrial, ESS

E-truck
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 Auto, e-bus, Excl.
China

 Electronic devices

381 Billion $ 

208 Billion $ 



Materials

Interfaces Devices

Organic/polymer chemistry Solid state chemistry

Surfaces science

Chimie du solide

Solid state chemistryOrganic-polymer chemistry

Surface engineering

O2

O2
- O2

-

O2

O2O2

O2

O2

O2

Electrochemistry Insitu characterizationElectrochemistry Insitu charaterisation

The need to pursue a multidisciplinary scientific approach 

But what more is needed? 

T
heory

Better
battery

chemistries
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Importance of  a constant  ping-pong game between fundamental and technical knowledge 

No synergy, no innovation, no real batteries 

SYNERGY

Te
ch

nological knowledgeSc
ientific knowledge

Why? How?

The power  
of prediction

The power to turn 
theory into reality
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Durability and reliability of batteries ? 

Eco-compatibility of batteries ?

Green recycle logo Royalty Free Vector Image - VectorStock

Autonomy and battery charging ?  
Borne de recharge pour véhicules électriques, à Rovaltain

Abundance of materials– recycling ?

- Science and innovation involved towards better batteries -

Outline 
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CoO6

LiO6

Improvements via chemical substitutions:

Li[Co]O2

[150 mAh/g]

Replace 
partially
Co by 

Mn et Ni

Li[NiMnCo]O2

[180 mAh/g]

NMC phases

2D structure

(150 mAh/g)

❑ LiCoO2 (1991)

Cations

Anions

Layered oxides and their evolution through the years

Ni-rich layered oxides are the most widely used cahode materials today

Today EVs
"811"Cobalt mining: An ethical issue

Cations 

Improvements via chemical substitutions:

Li[Co]O2

[150 mAh/g]

Replace 
partially
Co by 

Mn et Ni

Li[NiMnCo]O2

[180 mAh/g]

NMC phases

❑❑  Layered oxides (2008)

Replacement of Co 
by Ni and  Mn

(180 mAh/g)

Improvements via chemical substitutions:

Li[Co]O2

[150 mAh/g]

Replace 
partially
Co by 

Mn et Ni

Li[NiMnCo]O2

[180 mAh/g]

NMC phases

Improvements via chemical substitutions:

Li[Co]O2

[150 mAh/g]

Replace 
partially
Co by 

Mn et Ni

Li[NiMnCo]O2

[180 mAh/g]

NMC phases



NATURE MATERIALS, 2013, 12, 827-835                   .       NATURE MATERIALS | VOL 14 | FEBRUARY 2015, SCIENCE, 2015, 305 (6267)

Cationic redox: the only  belief since 1991 

❑
Since 2013, not any longer true: anionic redox

e-      

Li

M

O

Sathiya et al , Nature Mater., 2013, Science 2015b + worldwide patent 
*

The anionic redox (O2)
n- paradigm in layered oxides

+ 50% 

Classical NMCs
(cationic)

Li-rich layered oxides
(cationic + anionic ) 

(NMC) 

(NCA) 

e-

e-

A number of technological hurdles still have to be overcome…

Designing model materials for better understanding

500 
Wh kg–1

1000
Wh kg–1



Balancing cationic and anionic redox contribution:
further exploring the  composition space 

LiCoO2

LiMnO2 LiNiO2

“Li-rich Ni-rich”

Li1.2Ni0.13Co0.13Mn0.4O2

Li1.2Co0.4Mn0.4O2

Li1.2Ni0.2Mn0.6O2

NMC111

Li2MnO3 Li2TiO3, Li3NbO4, Li4MoO5…
Can be 
replaced by

Li1+yNi(3-5y)/3Mo2y/3O2

Proof of concept
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Li-rich Ni-rich: a new playground for high capacity and highly stable electrodes

Li-Biao et Energy & Environnement Science In press (2023 ) 
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Increasing energy density: recent advances

Carbon electrodes loaded with Si 

Natural graphite
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Li-rich NMC/C(Si)
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Li-ion technology: What can we expect ?  

How to reach
800 Wh/l 

and go beyond? 

Solid State
batteries

Alliages LixM

J.R Dahn et al. Industrial Chemistry Library Vol. 5 (ed. Pistoia, G.) (1994).
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Cyclage médiocre
(expansion de volume + SEI)

R. Huggins (20 years)

3650mAh/g

Alloys
LixM

Lithiation

Si Li15Si4

ΔV ~ 300%

4Li+ par Si 

Composites

C + 10%Si et 
Beaucoup d’autres and many others

370 mAh/g



Li-ion liquid batteries                                           Li-metal solid state batteries 

All-solid state batteries: the biggest excitement 
of today in the field 

 

Li
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ue

Liquid Solid

Solid electrolyte
Rather than liquid

Enhanced security

Energy density gains (Wh/kg) or (Wh/l)  only if the Li interface is mastered ..

Wvol. = + 70% 

WGrav. = + 40% 

Replacing Carbon
by Li metal

Sécurity Energy
density
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Significant progress in inorganic compounds with high 
ionic conductivity

Carbon

Interfaces

Dendrite 
de Li

Fracture

The Li electrode has not yet been mastered: we are now moving towards hybrid systems 

Ionic conductivity RT comparable
to those of liquid électrolytes

(10-2 S.cm-1) 

Li10GeP2S12 Japanese
group 
(2011)



Addition of Li3PO4 interface

Innovations: surface chemistry and solid electrolytes

T. Koç et al. ACS Energy letters, 7 (2022).+ Patent filed WO-8316-02à227  B. Hennequart et et al. Patent filed 03756- 002023-86e

Quite spectacular results, but the transformation at industrial level has not yet been achieved, 
because of remaining chemical and engineering issues 
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Manufacturers position themselves through partnerships, hoping to 
capitalize on the right start-up

Yale développement 2021 – according to compagnies announcements

Not a university laboratory, not a battery manufacturer, and not a car 
manufacturer in the world that does not work on the solid state...



Maturation time uncertain, despite worldwide enthusiasm, consortia formation, colossal 

investments and constant announcements that remain vague

The all-solid battery: between idealism and pragmatism

2010         2015         2020           2025          2030         2035   

Hype phase Maturating phase

Discovery of 
Li10GeP2S12

Toyota’s 
announcement

Inflated expectations 
(energy density, power) ,  

National 
fundings

Back to 
fundamentals

Production

of ASSB’s

based on 

inorganic

compounds 



Minimize charging time

Another challenge: Fast charging ? 

 Fast charging more difficult than fast discharging due 
to Li deposition problems

→WHY ? 

E
Li4Ti5O12

La voiture électrique moins chère que celle à essence après 2024

https://www.contrepoints.org/2020/08/14/378037-batteries-a-charge-rapide-les-limites-de-la-physique

E Li

E redox

0

NMC

Graphite

Slow charge

Fast charge

(large polarization) 

https://www.la-croix.com/Economie/La-voiture-electrique-moins-chere-celle-essence-apres-2024-2016-11-28-1200806389


A few approaches to enhance power performances 

Acting at the cell level

Réduire la distance 

P/E
Reduce 
Distance

to be covered 
by Li+ ions 
by reducing

 thickness of 
the electrodes

►Increase power at the 
expense of autonomy

C
ap

ac
ité

 d
e 

ch
ar

ge
 e

n 
%

 
C

ha
rg

e 
ca

pa
ci

ty
(%

)  

Charging time (min)

Rapid charging performance 

Temps de charge en minutes

2.9 Ah

2.4 V

150 g

C
ap

ac
ité

 d
e 

ch
ar

ge
 e

n 
%

 

Charging time (min)

Rapid charging performance 

C
ha

rg
e 

ca
pa

ci
ty

(%
)

20 Ah

2.4 V

515 g

Temps de charge en minutes

Performances upon charging

Battery Size will influence charging speeds due to the amount of energy generated... 



State of the art in EV recharging to date

Charging tests for the Zoé ZE50
52 kWh  battery at 400V 

(Autonomy in normal use 350 kms )

Renault Zoé R135 ZE50 : la Peugeot e-208 en ligne de mire (présentation vidéo)

● Charge 15 -> 80% takes nearly 45-50 min
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Etat de charge de la batterie % 

● Charge 15 -> 80% takes nearly 25 min

74 kWhbattery at 400V 
Charging test for a Tesla model V3

(Autonomy in use 490 kms) 

 Full recharge
       in 5 minutes 
: 

" colossal amounts of 
energy to be transferred " “Physics says NO " 

1500 A at  400V

Supraconductor wires (-195°C)  

Fast charging in less than 10 minutes is a false dream

https://images.caradisiac.com/images/6/9/5/8/176958/S0-presentation-video-renault-zoe-ze50-suffisant-pour-riposter-a-la-peugeot-e-208-594192.jpg


Durability and reliability of batteries ? 

Eco-compatibility of batteries ?

Green recycle logo Royalty Free Vector Image - VectorStock

Autonomy and battery recharge?  
Borne de recharge pour véhicules électriques, à Rovaltain

Abundance of materials– recycling ?

Science and innovation involved towards better batteries …
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Li/air batteries

Redox flow batteriesMultivalent cation (Mg2+, 
Ca2+) batteries

Li-ion batteries

All solid-state 
batteries

Li/S batteries
(Li/Na)Na-ion batteries

Li/air batteries

Redox flow batteriesMultivalent cation (Mg2+, 
Ca2+) batteries

Li-ion batteries

All solid-state 
batteries

Li/S batteries

Redox flow batteries

… 

None of them has reached a sufficient state of maturation...

Towards greener and more eco-friendly batteries ....
Green recycle logo Royalty Free Vector Image - VectorStockGreen recycle logo Royalty Free Vector Image - VectorStock

https://www.google.fr/imgres?imgurl=https%3A%2F%2Fcdn3.vectorstock.com%2Fi%2F1000x1000%2F16%2F47%2Fgreen-recycle-logo-vector-1261647.jpg&imgrefurl=https%3A%2F%2Fwww.vectorstock.com%2Froyalty-free-vector%2Fgreen-recycle-logo-vector-1261647&tbnid=31akODK0Mgx61M&vet=12ahUKEwjg7pW4nvDtAhVFrhoKHXkZDKYQMygfegUIARD8AQ..i&docid=LBIwyito7hLYoM&w=1000&h=1031&q=logo%20recycling&ved=2ahUKEwjg7pW4nvDtAhVFrhoKHXkZDKYQMygfegUIARD8AQ
https://www.google.fr/imgres?imgurl=https%3A%2F%2Fcdn3.vectorstock.com%2Fi%2F1000x1000%2F16%2F47%2Fgreen-recycle-logo-vector-1261647.jpg&imgrefurl=https%3A%2F%2Fwww.vectorstock.com%2Froyalty-free-vector%2Fgreen-recycle-logo-vector-1261647&tbnid=31akODK0Mgx61M&vet=12ahUKEwjg7pW4nvDtAhVFrhoKHXkZDKYQMygfegUIARD8AQ..i&docid=LBIwyito7hLYoM&w=1000&h=1031&q=logo%20recycling&ved=2ahUKEwjg7pW4nvDtAhVFrhoKHXkZDKYQMygfegUIARD8AQ


Sodium layered oxide/ 
prussian white- Hard 

carbon

Na3V2(PO4)2F3 (NVPF) -
Hard carbon

RS2E- France

HiNa, China

Faradion, UK

CATL, China

Natron, US

Altris, Sweden

NIBs

Back to 2012: Decision to move into NIB development, but with what chemistry? 

3

Development requires innovations in materials and electrolytes as well in mastering interfaces .

Na3V2(PO4)2F3 (NVPF) | Hard carbon

Structural and air-moisture  stability

High Na+ diffusion

Na-ion a battery alternative driven by sustainability 

A. Ponrouch et al Energy Environ. Sci., 2013,6, 2361-2369
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25% of Na losses   
during the first cycle

SEI

B. Zhang et al. Nature communications (2016)

The Na3V2(PO4)2F3/C system:  from sodium half-cells to full Na-ion cells
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Composites
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G. Yun, S. Mariyappan, R. David and J.M. Tarascon, WO2019207043A1

Na3V2(PO4)2F3 / 1M NaPF6 in EC-DMC/C 

4.3V



The Na3V2(PO4)2F3/C technology : the first 18650 prototype
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Back to fundamentals to better understand the electrolyte and discover that DMC was the disruptive element. 
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ELECTROLYTE: 1M NaPF6 in EC/DMC=1/1

Electrolyte:  1 M NaPF6 in EC-DMC(1-1)

Cell on rest at 100% SOC: Huge self-discharge

1M NaPF6 in EC-DMC
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Searching for the causes of self-discharge

Searching for EC-DMC LiPF6 electroyte stability

4 electrodes
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DMC-based electrolyte

CH3ONa
CH3OCOONae-e-

We also need to go back to a survey of various electrolytes and additives 

Linear carbonates are 
problematics for the Na-ion technology

G. Yan et al, ECS, 165 (7) A1222 (2018)P. Desai et al. Energy Storage Materials 57, 102–117 (202) . 
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Key steps in the development of electrolyte for the NVPF/C technology
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55°C cycling & self discharge of NVPF/C cells
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55°C cycling & self discharge of NVPF/C cells
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Long time because the choice of additive remains overly an empirical research

H. Hijazi, S. Mariyappan and J.-M. Tarascon (Patent WO2022200343A1) G Yan, J-M. Tarascon,  (Patent WO2019072986A1)

(New research tools such as ML or AI  have not yet added value) 

Laboratoire de Chimie du Solide – Energie
UMR CNRS 8260/ Univ Paris 6/ Collège de France

Alexis GRIMAUD Gwennaelle  ROUSSEDaniel-Alves DALLA CORTE

CR CNRS IR Collège MCF UPMC

Directeur : J.M. Tarascon, CDF
Gestionnaires: 

F. Rousseau – J. Duvoisin
Permanents

Post-Docts

PhD’s
I. Azcaratte C. Yang V. Pereira J. Ma S. Mariyappan G. Yan R. Dugas I. Blazquez

W. Yin L. Lutz G. Assat A. Perez S. Saha Q. Jacquet Q. Wang P. Pearce



Na-ion: 10  years of research to master its chemistry

100 Wh/kg

> 5kW/kg en charge 

➢ A French start-up: TIAMAT (2018)

Power performances 

Régime de C

2300 cycles 2C/5C 

@ 55 C
20% de chute en capacité

5000 cycles 2C/5C @ 25 C

100% DOD
Still cycling after 8000 cycles…

Cycling performances



Na-ion: a quick recap
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1980 2010 2024

Maturity

"The huge knowledge gained from the LiBs made the road for
the NiBs commercialisation shorter"

"Faster developpment accelerated by the launching of a new
battery diagnostic area dealing with optical sensing"

➢Faster development

Power tools application

Product : 1Ah single-cell to 

5Ah multi-cell battery pack

On sale
Commercialisation Installation of a  5 GWh

Gigafactory
Creation of TIAMAT

2018 2023 20252012

Concept
+ development 

➢ Une start-up française : TIAMAT (2018)

Patent W3016-GPS2017

https://www.rolandberger.com/en/Insights/Publications/Battery

➢ Battery market and projections
for Na-ion in GWh for 2030

EES  
(Electrochemical Stationary Storage

1/3 of the market))

290 GWh

78 GWh

26 GWh

BEV 
Battery Electrical vehicles,

2.5%  of the market)

2&3 Wheelers
(30 % of market)

Total: 394 GWh (8% of market)



Durability and reliability of batteries ? 

Eco-compatibility of batteries ?

Green recycle logo Royalty Free Vector Image - VectorStock

Autonomy and battery recharge?  
Borne de recharge pour véhicules électriques, à Rovaltain

Abundance of materials– recycling ?

Science and innovation involved towards better batteries …

https://www.google.fr/imgres?imgurl=https%3A%2F%2Fcdn3.vectorstock.com%2Fi%2F1000x1000%2F16%2F47%2Fgreen-recycle-logo-vector-1261647.jpg&imgrefurl=https%3A%2F%2Fwww.vectorstock.com%2Froyalty-free-vector%2Fgreen-recycle-logo-vector-1261647&tbnid=31akODK0Mgx61M&vet=12ahUKEwjg7pW4nvDtAhVFrhoKHXkZDKYQMygfegUIARD8AQ..i&docid=LBIwyito7hLYoM&w=1000&h=1031&q=logo%20recycling&ved=2ahUKEwjg7pW4nvDtAhVFrhoKHXkZDKYQMygfegUIARD8AQ
https://www.google.fr/url?sa=i&url=https%3A%2F%2Frovaltain.fr%2Ffr%2Faccompagnement-aux-entreprises%2Frecherche-de-locauxterrains%2Fservice%2Fborne-de-recharge-pour-vehicules-electriques-202%2F&psig=AOvVaw1T0D-TBvDQ8_YdshvX4P4T&ust=1600429109070000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLCD5ZON8OsCFQAAAAAdAAAAABAE


The Li-ion technology: A brief status in terms of durability

September2019

J. Dahn

3 years of extensive 
tests at 55°C on 

(NMC(532)/Carbon)  
pouch cells

… 

Advances in the chemistry of these systems have improved
their lifespan, but what are the remaining challenges ? 
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HOW TO MAKE BATTERIES MORE DURABLE WHILE IMPROVING THEIR 
PERFORMANCE? 

How to  increase the lifetime of batteries
while improving their performances ?

SEI

Parasitic chemical reactions 

➢ Lab scale

Monitoring under real conditions of use?

How to detect and anticipate cell failures in integrated systems?

➢ SystemsLevel of complexity

Circuit Digest

Module



Optical 
fibers

Injecting smartness into batteries to increase their durability 

➢ Bragg grating sensor (FBG) 

Wavenumber 

Bragg grating

Incident spectrum

Reflected spectra 

Transmitted spectra 

Wavenumber  

Wavenumber 
Period 

T, P, ε
Total  light reflection

(n1core > n2 cladding)
Silica glass cladding

Doped silica core 
➢ Light transport 

Inspiration from medecine

➢ Bio-medical ➢ Battery health status 

Electronic 
health 

passeport 

C. Grey and J.M. Tarascon, Nature materials 2017



Monitoring the intimate life of batteries using optical sensors 

Jiaquiang Huan et al. Nature Energy (2020) 

18
65

0

Use of Bragg sensors (FBGs) 

  0.05°C

  0.01MPa

  0.05°C

➢ Cell temperature imaging ➢ Optical calorimetry

ሶ𝑸



FBGs as a way to identify proper electrolyte additives

P. Desai et al, AEM, 11 (36), 2021, 2101490. 

FBGs enable to assess the heat associated to the formation of both SEI and CEI: What about the chemical species ?

Optimum electrolyte formulation 

1M NaPF6 in EC-DMC 
+ additives 

Voltage (V)) 
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Additives for Na-ion Na3V2(PO4)2F3/Cells 
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Infrared spectroscopy help to identify electrolytes and interfaces...
Vibration du CO2

BEFORE→ Silica fibers

NOW → 
Chalcogenidie 

fibers

How do you find out the nature of chemical species?

1     3        5       7       9      11     13     15      17    19      21     23     25

Silica

Sulfides
Selenides

Tellurides

Mid Infrared
Visible

0 

20 

40 

60 

80 

100 Fluorides

How to inject infrared light into batteries?

Transparence:

Wavenumber (cm-1) 

T
ra

ns
m

is
si

on
 (

%
) 

Wavenumber (cm-1) 

C. Gervillié-Mouravieff et al. Nat. Energy 7, 1157–1169 (2022) 

Core Optical fiber

Raw Optical fiber

IR via optical fiber ? 
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C. Gervillié-Mouravieff et al. Nat. Energy 7, 1157–1169 (2022) Patent: C. Gervillié-Mouravieff et al., n° EP4124849A1 (2023)

Characterization of commercial cells by evanescent-wave infrared spectroscopy

How does it works? 
➢ Solvatation
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➢ Decomposition of additives

LiFePO4

FePO4

➢ Redox processes in cathodes (LiFePO4) 



TAS

VC absorbance

VC 
decomposition

FBGs

Temperature

SEI formation
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DMC

VC

NaPF6 EC/DMC + 3 wt% VC

TAS fiber

FBG sensor

Reduction of VC at the carbon negative electrode at 3.15 V in Na-ion cell to form a long lasting stable SEI

Operando tracking of Li-driven reduction of VC in commercial Na-ion cells

C. Gervillié-Mouravieff et al. Nat. Energy 7, 1157–1169 (2022) 



Temperature + 
pressure sensing 

Calorimetry

Strain

Refractive index and turbidity 

Optical sensing: from physical to chemical observables in Li(Na)-ion cells

LiF

Fibre IR

IR

IR

IR

Collecteur de courant

Electrolyte

Matériau 
d’électrode

Matériau 
d’électrode

Chemical species

C. 

So how practical optical sensing is? 



Technological demonstrator for industrial applications

SMF

SMF

➢ Real time temperature and strain monitoring with wireless data communication

Ongoing project involving a wide range of industrial sectors and international collaborations 

Further reduction
Expected (size & cost)

Prof. Hwa-yaw TAM  



Charge Discharge

5C

1C
2V➔4.25V 5C

2V➔4.25V

Na-ion NVPF/C 

J. Bonefacno et et al. umpublished results



Durability and reliability of batteries ? 

Eco-compatibility of batteries ?

Green recycle logo Royalty Free Vector Image - VectorStock

Autonomy and battery recharge?  
Borne de recharge pour véhicules électriques, à Rovaltain

Abundance of materials– recycling ?

Science and innovation involved towards better batteries …
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The energy transition: abundance of materials and recycling?

Véhicule électrique

Véhicule thermique

Transport (kg/véhicule) 

6

Cu Li Ni Mn Co Graphite

Many metals will be needed for the 

decarbonized and digital technologies 

of the future

More mineral resources will need
 to be produced  by 2050 than 
since the beginning of humanity

Transport::  (Kg per vehicle) 

Electric vehicle

Thermal vehicle

Energy and eclogical transition

Numeric transition

Innovative technologies 
are based on on more and more 

complex finalized materials 

In
te

ns
ity

of
 u

se
 o

f 
m

et
al

lic

el
em

en
ts

in
 p

ro
du

ct
s

Economic
growth

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0

50000

100000

150000

200000

250000

% 
of

 th
e G

lo
ba

l p
ro

du
ct

io
n

Co
 fo

r B
at

te
rie

s (
To

ns
)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0

200000

400000

600000

800000

1000000

1200000

1400000

1600000

% 
of

 th
e G

lob
al 

pr
od

uc
tio

n

To
ns

 (L
CE

) f
or

 ba
tte

rie
s

• Lithium• Cobalt

Metals for 

batteries 

(Tons)

%  of metal for

batteries 

compared to

total production 

Crucial need to develop an efficient recycling sector … 



Promote single step

recycling processes : 

Direct method
(Physical separation and reprocesing)

Future scientific challenge: Simplifying recycling

Profiter de la 
mine urbaine 

Recycling recycling processes

2 méthodes
Pyrométallurgie Hydrométallurgie

"LEGO" type battery

❑
Rethinking battery configuration

Selective replacement of 
battery components



Battery Europe: the  new legislative framework

Carbon footprint Recycled materials

July2024 : Compulsory

delaration of the  CO2

foot print

January 2026 :

Display of the 

performance class linked

to CO2 foot print

July 2027 :

Mandatory compliance 

with maximum CO2 

footprint thresholds

July  2027 : 

Compulsory display of  

recycled Ni, Co and Li 

content

January 2030 :

Mimimum rates of 

recycled materials to 

be respected (10%Co, 

4% Ni et 4%Li) 

January 2035 :

Minimum rates raised

to 20, 10 and 12 % of 

Co, Li, Ni, respectively

Health and lifespan

July  2025

Obligation to equip the 

batteries with a 

diagnostic system

January 2027 :

Implementation of an 

electronic passport



The battery world is, and will continue to be, a dynamic environment

In the field of chemistry 
and engineering

General conclusions

In the industrial field In the field of sustainable 
development

• New chemistries (solid state, Na-ion…) 

• Setting-up gigafactories

• Battery diagnostic – Battery recycling 

Green recycle logo Royalty Free Vector Image - VectorStock

solid-state battery cells for automakers

100$ / kWh

100$ / kWh

Looking ahead

AI

data 
science
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48

http://www.college-de-france.fr/site/en-college/index.htm

Acknowledgments

http://www.college-de-france.fr/site/en-college/index.htm




Are electric vehicles the best solution for a low CO2 footprint ? 

D. Larcher and J.M. Tarascon, Nature Chemistry (2015)

➢ Assembing of a battery of 1kWh

 Energy needed ≈ 327 kWh 
 CO2 rejected ≈ 90 kg 
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❑ Life cycle analysis cost
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