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PILE = ACCUMULATEUR (... batterie d’accumulateurs)

Pile : difficulté a ramener I'état initial par simple recharge
mmm) Systéme électrochimique non RECHARGEABLE

mmm) [xiste différents systémes électrochimiques ; un
exemple, les piles a combustible (O,/H.)
—>
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PILE = ACCUMULATEUR (... batterie d’accumulateurs)

Accumulateur : les systemes électrochimiques utilisés permettent le retour a
I'état initial du systeme par recharge (en inversant le sens des réactions par
inversion de la polarisation)

mmm) Batterie d'accumulateurs

12V 2004k
+ -

24V 100Ah
+ -
| |
+ - + -
12V 1004k 12V 1004k g =
12V 100Ah

BRANCHEMENT EMN SERIE

Les tenzions s additionnent BRANCHEMENT EN PARALLELE

Les intensités s'additionnent

mmm) Existe différents systémes électrochimiques pour accumulateur
(Plomb-acide, Ni-Cd, Ni-MH, Li-ion)

Li-ion >2000 cycles de charge/décharge
I\ Nantes & 3
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Plan de I’exposé

|/ Situation mondiale en quelques chiffres

= Données/sources robustes

11/ Vers une électrification massive de nos sociétés

= Problématique du stockage de I’électricité, des batteries, des ressources...

[[l/ Batteries organigues

= Une chimie complémentaire aux composés inorganiques
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Plan de I’exposé

|/ Situation mondiale en quelques chiffres

= Données/sources robustes
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The key Indicators of world: a constant increase!

Primary energy Motorized Ore GHG
supply transportation demand emissions
(ICEs)
Metal \ /

exhaust
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The key indicators of world: cHe & clobal warming

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 93, NO. D8, PAGES 9341-9364, AUGUST 20, 1988

Global Climate Changes as Forecast by Goddard Institute for Space Studies

Three-Dimensional Model

J.HANSEN, I. FUNG, A.LACIS, D. RIND, S. LEBEDEFF, R. RUEDY, AND G. RUSSELL
NASA Goddard Space Flight Center, Goddard Institute for Space Studies, New York

P. STONE 1.5
Massachusetis Institute of Technology, Cambridg:
1988 : création du Groupe d’experts
intergouvernemental sur I’évolution du climat -0
(GIEC ou IPCC en anglais) o
s

1987: Sustainable development: concept of the Tos
public interest was proposed by the Brundtland
Commission
= G. Brundtland, Our Common Future: The ©
World Commission on Environment and
Development, Oxford University Press, Oxford. —04
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The key indicators of world: cHe & clobal warming

CLIMATEWATCH World Resources Institute (WRI) - https://www.climatewatchdata.org/ghg-emissions
CO,e L Linechart
e |4 stacked area Chart
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https://www.climatewatchdata.org/ghg-emissions

The key Indicators of world: cHc & clobal Warming

CLIMATEWATCH World Resources Institute (WRI) - https://www.climatewatchdata.org/ghg-emissions
CO,e I Linecnhart
oy |4 stacked area Chart
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49.8Gt

Historical emissions Emissions tar

456Gt G -
2019
400Mt . 352.10Mt
— - — _f—--:"_:‘ *
30Gt
200Mt
3 0

#__-i-l
15Gt = =

[

e | St

T 1 I T T I T T T

1920 1994 1998 2002 2006 2010 2014 2018 2021
0 : [ I i I [ | i i i [ I i i ;
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019
® China @ United States ® India Indonesia ® Russia Brazil @ Japan Iran @® Canada ® Saudi Arabia ® Others

N Nant
@ U Nantes IMN

z DE NANTES JCAN ROUXEL


https://www.climatewatchdata.org/ghg-emissions

The key Indicators of world: cHc & clobal Warming

GHG global emissions in 2018 ©

o ["lIndustrial Process
3% 6% Waste
__Agriculture
ESForestry

B Energy

12%

3%
76%

76 % of CO, emissions comes
from the energy sector

(2) World Resources Institute (WRI) - https://www.climatewatchdata.org/ghg-emissions
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The key indicators of world: cHe & clobal warming

Energy sector GHG global
emissions in 2018 @

EHBuilding
Fugitive Emissions

lOther Fuels
BlE |ectricity

Bl Transportation
Manufacturing

22% I

8%

8% 17%

4%

42%

(2) World Resources Institute (WRI) - https://www.climatewatchdata.org/ghg-emissions
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The key indicators of world: worlid population

->LA POPULATION MONDIALE

La croissance démographique de 1800 a 2050

Worled population

7,2 milliards }
d'habitants ®@ ®@® ™| oceae
en 2013 Wi

1 mlll.fllll'.:]

en 1800 En 1927 _

1800 1620 1840 1840 18801900 1920 1940 1960 1980 2000 Logyg S ]

En milliards , - = - ¥
[ habitants. . 1,6 i R ATE
L 1.

:,_é . £ ASE
N | s
800 1850 : 000

From UN data, https://www.un.org/development/desa/pd/

https://www.futuribles.com/fr/irevue/434/la-population-mondiale-a-lhorizon-2100-critigue-de/
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https://www.un.org/development/desa/pd/
https://www.futuribles.com/fr/revue/434/la-population-mondiale-a-lhorizon-2100-critique-de/

The key indicators of world: world population

Worled population

“Human demand may well have

since the 80’s”
(Wackernagel et al., PNAS, 2002, 99, 9266)

LA POPULATION MONDIALE

La croissance démographique de 1800 a 2050
En 1987

9w

En 1974
3

7,2 mittiards )
d’habitants P 0 g%

|4 en2013 j 1 ok
: 5 4 ’ -. . EL =
| 4 i e 4« ). ’ [

OCEANIE

AMERIQUE
% DUNORD

O

AMERIQUE
LATINE

EUROPE
[Russie
comprise|

5]
AFRIQUE

]
ASE

1 milliard )
d’habitants
en 1800

En 1960

-
En 1927

1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 L ppy

En milliards
|_ d’habitants

1)

MCABO0 | 8 o © 72050

Prévisions

exceeded the biosphere’s regenerative capacity
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Plan de I’exposé

11/ Vers une électrification massive de nos sociétés

= Problématique du stockage de I’électricité, des batteries, des ressources...

I\ Nant L] 14



Reconsider our energy engineering...

1 - Decarbonize the Power supply

SOV ;;
Q@ 0, A\ 53 (¥
\* N
Electricity = Functionality /everyday life necessity

< LIFE EXPECTANCY

Rapid depletion when the electricity
consumption per inhabitant is lower
than 1600 kWh per year

Q Energy, 23, 791-801 (1998)

I\ Nantes ':.[MN >

W7 Université



Reconsider our energy engineering...

1 - Decarbonize the Power supply

@ o

@D

A necessary trend: Electrification of the Transportation Systems

A 0 Chem. Rev., 120, 6490-6557 (2020) wl'lMN 16




..Entering a so-called 4t Industrial Revolution

https://martechtoday.com/, Accessed June 2017

Ny ontes Q0 Chem. Rev., 120, 6490-6557 (2020) :.[MN 17
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The critical electricity storage issue.:

Only a few technological solutions

Capacitors
Super capacitors

Dam

pumping
station

Compressed Air
Technology
(CAT)

IN Nantes
W7 Université
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The critical electricity storage issue.:

Only a few technological solutions

Capacitors

Super capacitors

Flywheels

\
al Dam

pumping
station

Compressed Air

Technology

IN Nantes
W7 Université

Electricity Storage Technologies

2 Better for energy management
w
] High
Energy Pumped
L Capacitors Compressed Storage
ong Air Hydro
® Duration Y
= Flywheels Batteres
=
Q
[y
| .
@ High Power
'E Flywheels
LD
- High
Power
z Capacitors Superconductin
2 | Better for power perce g
E quality management Magnetic Storage
o >
10kW 1 MW 1GW

Power
mmm) Efficiency, maintenance costs, ...

0 Red Mountain Insights (2014) g
ISBN: 978-1-62484-002-9 ‘.IMN
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The critical electricity storage issue.:

Rechargeable BATTERIES

-

\ ( Future Smart Grid / Battery-powered Nomadic electronic Backup and safety \
"off-the-grid" electric vehicles devices and digital systems / medical
domestic systems (PHEVs and EVs) technologies devices / microchips
~u ~
MWh range 1-100 Wh range 1 - 500 mWh range
Rechargeable
J . attery y,
I\ Nantes - : & 20
W Université O Energy Environ. Sci., 4, 2003-2019 (2011) - [MN



The critical electricity storage issue.:
Li-ion batteries, the flagship technology

20 000
10 000 -

" Supercondensateur

Le Li-ion est devenu la
technologie universelle

g pour I'électronique et les

& 1600+ véhicules électrifiés

> (mais pas encore pour le

= stationnaire = batteries Pb-

& _ acide)

B 1004 -

2 9 —— .

- Efficacité Energétique
10 A ‘ Li-ion > 85% !!

Pile Volta

2000 cycles 10 ans

Acc. NiMH

) : ¥ ]
10 100 1 000
ENERGIE SPECIFIQUE (Wh/kg)
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The critical electricity storage issue.:
Li-ion batteries, the flagship technology

20 000 . . -
uperconaensateur
10 000 -~ ..
Le Li-ion est devenu la

G technologie universelle
= pour I'électronique et les
8 10004 ‘ . véhicules électrifiés
? %] —s (mais pas encore pour le
= N ais pa p
& " N stationnaire = batteries Pb-
W 100 o ; acide)
= QT
v
% \

THE EQOBEL PRIZE : ., ”
IN CHEMISTRY 2019 Efficacité Energétique

Qledisni)|

Li-ion > 85% !!
2000 cycles 10 ans

pPayaLu|3 seyIN su

John B. M. Stanley Akira g
} \ATIR '(- }- : 4 . ‘ [MN 22
Goodenough Whittingham Yoshino Q) o e



Working principle of a Li-1on cell:
historical example (SONY, 1991)

CHARGED STATE (Initial state): ~ © LiC; | electrolyte | Li, ;Co""VO, ®

DISCHARGED STATE: © C,| electrolyte | LICo"'O, &

1' ) 'fﬁ 3
=

=

% "’"ﬁ"ﬂ |
[% Electrolyte: [Li*/PF,]1 1 M dans PC /

l_@) Voltage (V)

discharge at /

Capacity/voltage profil (U-Q)
obtained under galvanostatic

&30 AE = £(+) - £()

/.

w»% /
o 'f B ad .
Geae]

LiC, mpC; + € + Li*

IN Nantes
W7 Université

(x2) LipsC0"VO, + 0.5 & + 0.5 Li* mb LiC0"'O,

= Insertion materials as

electroactive chemical compounds

INSTITUT DES MATERALI
DE NANTES JEAN ROUKEL

Qaoc (AN)
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Working principle of a Li-1on cell:

historical example (SONY, 1991)

Particles of
active material

Binder
(polymer)

Conducting carbon

~5 Wt%

IN Nantes
W7 Université
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Working principle of a Li-1on cell:

historical example (SONY, 1991)

Particles of
active material

Binder
(polymer)

Conducting carbon

~5 Wt%

IN Nantes
W7 Université

Encre d’électrode :

Matiere (électro)active+liant+carbone+solvant
du liant, déposeé sur collecteur de courant
métallique

— Etape de séchage (évaporation du
solvant)

-
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Working principle of a Li-1on cell:

from the active materials to the battery pack

Fabrication et assemblage des batteries

Matériaux

£ >

Electrodes

- Systeme(Batterie
24 KWh g
250kg, 150 litres

Capteurs

Electronique
de contrﬁle’
(BMS)

Carter

= Boite de
“ . connexion

service

Anagymotive
Ermergy Supply

cellule

170 Wh/kg i
270 Wh/L, .,

' W Universite

270 Wh/K8 e
700 Wh/L

2020

2020

26



Cost of Li-1ion batteries

Cost of Li-ion battery packs in battery electric vehicles
N 1,800
Cout divisé par 1,700 - + x 95% conf interval whole industry
5en 10 ans 1,600 - X 95% conf interval market leaders
2020 © 150 1500 - X Publications, reports and journals -+
1400 1 \ News items with expert statements [0
$/kWh 1'300 * Log fit of news, reports, and journals: 12 £ 6% decline == «
] G I X - Additional cost estimates without clear method X
% 1,200 * Market leader, Nissan Motors, Leal @
8 1,100 § + Market leader, Tesla Motors, Model S ©
A 1,000 X Other battery electric vehicles ©
- 900 - Log fit of market leaders only: 8 £ 8% decline ===
% 800 - Log fit of all estimates: 14 £ 6% decline e
700 -
600
5,00 o
. 400
Seq il 300 -
d’« explosion » des 200 - g
marchés @5 : p— — e —)
(EN R) Year
"Rapidly Falling Costs of Battery Packs for Electric Vehicles,” Nature Cimate Change, 2015
I\ Nantes 27
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Big pressure on secondary batteries (especially LIBS)

Global battery demand by application

GWh in 2030, base case

2,623
Electric
14)( 2,333 mobility
971
808 Energy
282 | storage
184 229 271 -ICDnsumer
142 105 | / electronics

2018 2020 2025 2030

I\ Nantes 0 BATTERY 2030+ Roadmap & 28
W7 Université ‘.IMN




Big pressure on secondary batteries (especially LIBS)

Global battery demand by application Global battery demand by region

GWh in 2030, base case GWh in 2030, base case

2,623 2,623

China

14x 2,333 Elea.r,'c 14x
mobility
EU
971 971
USA
808 Energy
282 storage 282 202 RoW
184 229 Consumer 184 %
142 105 | / electronics 126 178
’ a4
2018 2020 2025 2030 2018 2020 2025 2030

I\ Nantes U BATTERY 2030"‘ Roadmap ] [MN 29
W7 Université https://battery2030.eu/news/activities/the-long-term-research-roadmap/ ‘.



https://battery2030.eu/news/activities/the-long-term-research-roadmap/

Big pressure on secondary batteries (especially LIBS)

northvolt
s sEAT
GFREYR

Panasonic
SEYONDER

MORHOW

J ITALVOLT

X GWh SRATISHVOLT

’ 120 GWh Envision NESC

:’ M Lectanché
' noBzowh amte

- : " SAMSUNG
CATL

35 GWI
d 24-32 GW‘I'# ;
ot 1

14 GWh
L iy

i VARTA
"" . r,Q.‘/.Q‘S,.t#

SVOLT

",_‘eARASIS

@ LG Energy Solution

BASQU=VOLT
- NABATT

24HGWh 15 GWh

| -
Gigafactory:
% Factory producing batteries at a very large scale

4 Europe: 600 GWh/y full regime production \
LIMN

IN Nantes
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Common batteries: chemistry of metals and ceramic chemistry

Electrode materials (+) and (- )
Based on inorganic compounds (metal-based redox systems)

 synthesized from high temperature reactions

 obviously from non-renewable resources (polluting mining operations)
» energy-greedy recycling process (mostly pyro-metallurgy processes)

. battery cost depends on speculatlon in metals

| | l"’l | | !
On large scale development these drawbacks could be significant,

which can lessen the benefit of the present batteries
| | Lo | | V. | —— 1 | | Lo S|

NI Nant ’ 31
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Renewable and Sustainable Energy Reviews 67 (2017) 491-506

Contents lists available at ScienceDirect

Renewable and Sustainable Energy Reviews

ELSEVIER journal homepage: www.elsevier.com/locate/rser

The environmental impact of Li-lon batteries and the role of key
parameters — A review

@ CrossMark

Jens F. Peters **, Manuel Baumann b¢ Benedikt Zimmermann ", Jessica Braun b
Marcel Weil *P

1/ review of 113 available publications on the topic.

2/ a total of 36 LCA studies were identified as very reliable.

3/ ~320 kWh is needed across all chemistries to produce 1 kWh of stored
electrochemical energy producing GHG emissions of 110 kgCO,eq.

4/ “cradle-to-gate analyses” and not “cradle-to-grave analyses”, both collection and
recycling steps are not included.

5/ other Eco indicators such as human toxicity (HTP) are not really studied and might be
even more important (from mining excavation to the recycling step).

IN Nantes
W7 Université
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DIRECTIVE 2006/66/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 6 September 2006

on batteries and accumulators and waste batteries and accumulators and repealing Directive
91/157/EEC

(Text with EEA relevance)
ANNEX 11T
DETAILED TREATMENT AND RECYCLING BEQUIREMENTS

PART B: RECYCLING

3. Recycling processes shall achieve the following minimum recycling efficiencies:

(a) recycling of 65 % by average weight of lead-acid batteries and accumulators, including recycling of the lead
content to the highest degree that is technically feasible while avoiding excessive costs;

(b) recycling of 75% by average weight of nickel-cadmium batteries and accumulators, including recycling of the
cadmium content to the higﬁﬂ degree that is technically feasible while avoiding excessive costs; and

(c) recycling of 50 % by average weight of other waste batteries and accumulators,

— New revision of this Directive in
progress with higher expectations

From: https://eur-lex.europa.eu/legal-content/FR/ALL/?uri=CELEX%3A32018R2066

INI Nant ,. 33
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https://eur-lex.europa.eu/legal-content/FR/ALL/?uri=CELEX%3A32018R2066

Plan de I’exposé

[[l/ Batteries organigues

= Une chimie alternative aux composes inorganiques

I\ Nant L] 34



.. promoting organic batteries?

~' Can be seen as a possible alternative to stabilize the
pressure on redox-active metals vs. global demand

Cobalt as a component of electric vehicle batteries

We may tend to think that lithium is the major component of lithium-ion batteries (LIBs).
However, cobalt generally makes up a greater percentage of the total. Various types of
LIBs are currently used in electric vehicles (EVs), but the most important is the lithium
nickel-manganese-cobalt oxide (NMC) type.

Mn (17%) M e
Mn (28%)
Ni (75%)
Co (89%) Ni (30%)
Co (31%)
Co (14%) - Co (18%)
Li (11%) Li (11%
From ( ) Li (11%) Li (11%)
https://www.bgs.ac.uk/news/cobalt- LCO battery NCA battery NMC-111 NMC-622 NMC-811
- : K A
resources-in-europe-and-the-potential- Battary Raary sesid]
for-new-discoveries/
o Lithium cobalt oxide (LCO) batteries, which contain about 89 per cent cobalt,

are used in mobile phones, laptops and cameras. Lithium nickel-manganese-
cobalt oxide (NMC) batteries, which typically contain between 9 and 31 per
cent cobalt, are used in e-bikes and electric vehicles. Image: BGS © UKRI 35

NI Nantes
(based on figures by Olivetti et al., 2017).
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https://www.bgs.ac.uk/news/cobalt-resources-in-europe-and-the-potential-for-new-discoveries/

.. promoting organic batteries?

S
)

Can be seen as a possible alternative to stabilize the
pressure on redox-active metals vs. global demand

IN Nantes

Futures price of cobalt worldwide from August 2019 to March 2022
(in U.S. dollars per metric ton)

27
Co -

https://www.statista.com/statistics/1171975/global-monthly-price-of-cobalt/, : [MN
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.. promoting organic batteries?

/N

Can be seen as a possible alternative to stabilize the
pressure on redox-active metals vs. global demand

IN Nantes
W7 Université
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Emergence of Biorefineries

Butyric Acid  Other Oxychemicals

Acetaldehyde Food-Grade
Sweeteners

Sugars Lignin Lignocellulose
h 4

| Chemical Conversion ‘ ‘ Gasification ‘
Ethanol Citric &c'd ) Furfural Phenols Alcohols
Glycerol Fumaric Acid Furans Aromatics FT Diesel
 ni SR Glycols Dibasic Acids ~ Methanol
Acetone Propionic Acid MEK Olefins CHP
n-Butanol Succinic Acid Adipic Acid
Butanediol Methane Ethylene
Isopropanol  Itaconic Acid Methanol
Acetic Acid  Single Cell Protein Brapyiens




Organic electrode materials, CONS

Low thermal stability
(but not systematically) )

Lower volumetric energy density

» Typical volumetric mass density » Typical volumetric mass density

of inorganic host materials: > of organique electrode materials:
LiCoO, : 4.92 g/cm3
LiFePO,: 3.47 g/cm3 1-2 g/cm?3 (only)

I\ Nant g



Organic electrode materials, CONS

Low thermal stability
(but not systematically)

|

Lower volumetric energy density

Poor electronic conductivity in the solid
state (but not systematically)

= Carbon loading 15 wt%

I\ Nant &



Organic electrode materials, PROS

More abundant elements (C, H, O, N, S in particular)

Potentially generated from renewable resources (biomass)

%

Low Temperature synthesis (generally)

Numerous chemical combinations

Multi-electron reaction materials

Ease of recycling (e.g. combustion)

IN Nantes
W7 Université
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Organic electrode materials, PROS

More abundant elements (C, H, O, N, S in particular)

Potentially generated from renewable resources (biomass)

%

Low Temperature synthesis (generally)

Numerous chemical combinations

Multi-electron reaction materials

Ease of recycling (e.g. combustion)

DIFFERENT CELL CONFIGURATIONS:
Li-ion, Na-ion, Dual-ion cell,... in Aqueous or Non-aqueous electrolyte
with soluble redox species (RFB) or solid electrode materials

I\ Nant &




.. promoting organic batteries?

1859 1899 1973 1975 1977 1979 1991 2002
b 4 vV v v b 4 b 4 A4 V>
Lead- Ni-Cd Li metal || Ni-MH Organic Li metal || Li-on cell Organic
acid (Jungner) cell cathode polymer (SONY) Radical
(Planté) materials (Armand) Batteries
(conducting (ORBS)
The Nobel Prize in polymers) NEC (Satoh),
Chemistry 2000 Nishide’s group
5 o 0
N = N — .
R” R € R OR R R
amjnoxy| njtroxjge oxoammonjum
anjon ragicaj catjon

Alan G. MacDiarmid
Prize share: 1/3

Hideki Shirakawa

Prize share: 1/3




1977 1979 1991 2002

2008
) 4

“Renewable” Li-
ion Organic
Batteries

Virtuous circle

N, co, ’ co,
Q?ifb 9 release AN assimilation 09 i
"0 o e e o
Q"e,h. g o \e(\e@goo“
R / oI d\e“:\ega‘d‘e
\ e, «©
Recycling Biomass
industries Polymers recycling’ (crop)
organics recovery
- Elaboration of
R Recycling of . organic raw
destruction of organic batteries: . materials
spent batteries Li recovery (ash .
‘e . .
’Q .Q
»
. ., ou’
.0 ’0
Battery o e, _ .
utilization ‘e, %, Biorefinery
*
Y *
* +*
9’{ ‘
Battery marketing Batt ery Elaboration of redox-
: active materials using
processing Green Chemistry concepts
I\ Nantes

W7 Université
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n-type Li cathode: case of Li,-p-DHT

Dilithium (2,5-dilithium-oxy)-terephthalate

= Possibly synthesized from RENEWABLE Material: T

OH

o a. E. Coli, H,0

HO -
HO oH ————— HQMOH -
H

IN Nantes
W7 Université

HO
C. Kolbe- .
Schmitt o) OH Li,COy
solventless H,O '
3,5-dihydroxy-
terephthglique
.. .- aci
Eco-efficient synthesis scheme of Li, p-DHT:
CcO

OH

b- iy H,0, 170°C; iy Ni, on

H, NaOH, H,0, 50°C; ’ |
o iii) NaOH, H,0, 200°C OLi
LiO
OH
2-deoxy-scyllo_ OH €. A retro- O _OH
inosose p-dihydroxy- Kolbe-Schmitt Lio-p-DHT

benzene solventless

OLi O

OLi
LiO

0 Li
Li, p-DHT

Q Energy Environ. Sci., 6, 2124 (2013). SAIMN
b b




n-type Li cathode: case of Li,-p-DHT

Dilithium (2,5-dilithium-oxy)-terephthalate

Q/ mAh g'1
120 100 80 60 40 20 0
4 UL L LA DL LR DL D R DL DAL DL DL B DL LB LI § 150 |
. Rate: 1Li/10h 1 i
35 F Carbon: 33wt s | c/5 lcle c l 2C l 5C l cr5
a2 E Leaaes
°j 3 C 255 V ] - C m.”.
= X ] ‘= 100 080D
. 25 - = m.....
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*Good electrochemical performance upon cycling including at high rate with no optimization
(no binder, no complex formulation)
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n-type Li cathode: case of Li,~-0-DHT

Dilithium (2,3-dilithium-oxy)-terephthalate
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— Voltage gain at least of + 300 mV
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Comparison with the state-of-the-art Organic vs
Inorganic electrode materials for Li batteries

Specific energy:
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B ro® o0 ADOS® 40

P-type OEMs
CgOg derivatives
p-BQ derivatives
o-BQ derivatives
TCNQ derivatives
Carboxylates
Imides

Azo compounds
Tripyradinylenes
Organosulfurs
Inorganic electrode
materials
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summary

@ Organic materials can be considered as an alternative chemistry
vs metals and other inorganic compounds

= Richness of Organic structures and beyond!

@ Developing anion-ion batteries (potentially free of metals =
molecular batteries) is possible

= Proof of concept for an anion-ion battery made of crystalized organic materials

C This research field is still in its infancy, and in terms of

electrochemical performance, we cannot compete with regular Li-
ion cells

PERFORMANCE vs ABUNDANCE?
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Thank you for your attention

Selected contributions //
Organic Batteries & Perspective:

O Clean energy new deal for a sustainable world: from non-
CO, generating energy sources to greener electrochemical
storage devices, Energy Environ. Sci., 4, 2003 (2011)

O Progress in all-organic rechargeable batteries using
cationic and anionic configurations: Toward low-cost and
greener storage solutions?, Curr. Op. in Electrochem., 9, 70
(2018)

O Opportunities and Challenges for Organic Electrodes in
Electrochemical Energy Storage, Chem. Rev., 120,
6490-6557 (2020)

O A perspective on organic electrode materials and
technologies for next generation batteries, J. Power
Sources, 482, 228814 (2021).

O 2021 roadmap for sodium-ion batteries, J. Phys-Energy, 3,
031503 (2021).
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