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Main research topics

BATTERIES
from TRL-0 

to TRL-6

Li-ion, Li-metal, Li-S, Li-O2/N2

Sensors & Self-healing

Solid-state electrolytes

Smart materials for solar fuels

PV + storage integration 

Electrochemical N2 reduction

Sustainable materials

Testing of modules & packs

Potassium batteries

Self-healing

Hybrid PV

Sensors

Other cations

Prototyping pilot line

Dyes/Perovskites-based PV
Energy 

conversion
& Integrated

devices

Li battery
Polymer

electrolytesBiosourced 
componentsSolar fuels

PV + storage

Nanomaterials
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Facilities
Lab scale facilities

Battery testing facility (abuse/safety) 

Climate chamber (720L)

Battery tester 
for modules and 

packs
(600V, 260A)

Container for battery
packs testing

Accelerating rate calorimeter

Small Pilot Line (MTI)Green Electrochemistry
Lab

Environmental Park

Tip-sonicator

Liophilizer

Ultrasonic-spray coater

Spin coater

UV-Vis-NIR 
spectrophotometer

Spectrofluorometer

Vis and NIR 
detectors
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Task force on Batteries @PoliTO

Modeling
Daniele Marchisio (DISAT): materials production processes
Pietro Asinari (DENERG): electrode/electrolyte interfaces
Massimo Santarelli (DENERG): electrochemical and thermal modelling

Battery packs
Paolo Guglielmi (DENERG): assembly
Radu Bojoi (DENERG): BMS
Michele Pastorelli (DENERG): power electronics

Electric vehicle applications and integration
Massimiliana Carello (DIMEAS)

Materials, Nanosensors & New cell designs
Silvia Bodoardo (DISAT): batteries
Fabrizio Pirri (DISAT): nanotechnologies

LCA & Recycling
Silvia Fiore (DIATI)
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why batteries?
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Carbon footprint 
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Power Technology Research
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EV battery demand outlook in division

per vehicle class and chemistry

Source: RhoMotion, EV & Battery Quarterly Outlook Q4 2021, 2021
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EU quarterly sales of electrified vehicles

During 2021 the number of electrified vehicles on the EU roads almost doubled reaching four millions, an 

equivalent of almost 150 GWh storage capacity given an average battery capacity of 55 kilowatt-hours 

(kWh) for BEVs and 14 kWh for PHEVs.19

The further growth of sales in EU is expected to reach 3.5 million vehicles in 2025 (31% of all vehicles in this 

class sold in 2025), 7 million in 2030 (55%) and about 11 million in 2040 (87%) RhoMotion, EV & Battery Quarterly Outlook Q4 2021, 

2021 
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renewable energy …

is not continuous.. 

and needs to be stored

—> We need BATTERIES

mailto:silvia.bodoardo@polito.it
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BloombergNEF’s forecast of installations to the end of 2030 by key global region.

Cumulative energy 
storage installations
will go beyond the 
terawatt-hour mark
globally before 2030
excluding pumped
hydro, with lithium-ion
batteries providing
most of that capacity,
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Reported and projected cumulative global installations by region. with ‘RoW’ representing the ‘Rest of the World’ and ‘Buffer’ markets and use 
cases for which there is low visibility, BloombergNEF

latest analysis of the sector, 
the firm has forecast that
by the end of 2030, 
cumulative installations
worldwide will reach
411GW and 1,194GWh.

Storage capacity by area



Electrochemistry Group @PoliTO Silvia Bodoardo 

1
5

The most of the cell 
production is still in Asia

China controls 80% of the world's Li-ion battery raw 

material refining capacity, 77% of cell production 

capacity and 60% of battery component 

manufacturing capacity.

Global biggest suppliers of Li-ion batteries were: 

CATL, LG Energy Solution, BYD, Panasonic and SK 

Innovation (Q1 2022).

The EU trade deficit in Li-ion batteries continued to 

expand in 2021 and reached EUR 5.3 billion (+25% 

from 2020). 
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Batteries production 
… and Europe?
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European Gigafactories June 2023

18

Battery cell production in Europe is picking up speed to meet the growing demand for battery cells

Source: www.battery-atlas.eu; abstract, no claim of completeness
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Module and pack 
manufacturer

Source: www.battery-atlas.eu; abstract, no claim of completeness

Equipment suppliers

And also…

Active material
suppliers

Recycling companies Battery test 
centers

Gigafactories Components 
suppliers

Second life 
companies
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IndustryResearch
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Build bridges

IndustryResearch



Electrochemistry Group @PoliTO Silvia Bodoardo 22

EU Battery R&I ladscape
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WG1: New and Emerging
Battery Technologies

WG2: Raw Materials and
Recycling

WG3: Advanced Materials WG4: Cell Design and
Manufacturing

WG5: Application and
Integration: Mobile

WG6: Application and
Integration: Stationary

Christian Noce

Enel X

Javier Olarte

CIC energiGUNE

Matthias Vetter

Fraunhofer Institute 
for Solar Energy 
Systems ISE

Franz Geyer

BMW Group

Michele de 
Gennaro

AIT

Thilo Bein

Fraunhofer-Allianz 
Batterien

Daniela Fontana 
Comau S.p.A.

Carlo Novarese
Sunlight Group Energy 
Storage Systems

Marcus Jahn

AIT

Arno Kwade

TU Braunschweig

Fabrice Stassin

Umicore

Silvia Bodoardo

Politecnico di Torino

Marcel Meeus

EMIRI

Philippe Capron

ORANO

Marja Vilkman

VTT

Bart Verrecht

Umicore

Daria Hedberg

Geyser Batteries

Kristina Edström

Uppsala University

Ivana Hasa

The University of 
Warwick

Industry Chair

Research Chair

Technical Advisor

Working Groups Chairs / BE Secretariat
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Move to future
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EU Battery R&I ladscape
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Phoenix Salamander Opera UltraBat HealingBatOpincharge
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Battery 2030+ annual conference
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Education: 
WP3 New Curricula

EdU Batt Network
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4 Universities involved and around 120 young scientists

Different expertise:
i.e. battery experts, engineers, chemists, physicians, economists, doctors in 
medicine, people with all humanistic specialisations, etc.

Young Scientists engagement

«Efforts made today will be the

breakthroughs of the future»
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Inside the battery pack
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Battery Pack – Module - Cells

31

Silvia Bodoardo

Battery2030.eu
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Lithium ion cell reaction

Li
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Più Energia per la Mobilità del futuro Silvia Bodoardo
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How should be the 
Battery for future



Electrochemistry Group @PoliTO Silvia Bodoardo 34

MATERIALSPiù Energia per la Mobilità del futuro Silvia Bodoardo



Electrochemistry Group @PoliTO Silvia Bodoardo 35

Chemical cell composition tailored on the applications

Lithium – Cobalt –Oxide
(LiCoO 2 )

Lithium – Manganese – Oxide
(LiMn 2 O 4 )

Lithium – Iron – Phosphate
(LiFePO4)

Nickel – Manganese – Cobalt
(LiNixMnyCozO2)

•Rated voltage: 3.6 V
•Gravimetric density: 200 Wh/Kg
•Energy density: 400 Wh/l
•Complete life cycles: 500 – 1,000
•Discharge rate: 1C

Advantage:  high specific
energy, fast charge.

•Rated voltage: 3.7 V
•Specific energy: 150 Wh/Kg
•Energy density: 350 Wh/l
•Complete life cycles: 300 – 700
•Discharge rate: 1C, 10 C

Advantage:  high thermal stability

•Rated voltage: 3.2 V
•Gravimetric density: 170 Wh/Kg
•Energy density: 350 Wh/l
•Complete life cycles: > 4000
•Discharge rate: 1C/3C

Advantage:  high thermal stability, long 
cycling, fast charge, no cobalt

•Voltage rating 3.6 V
•Gravimetric density: 220 Wh/Kg
•Energy density: 500 Wh/l
•Complete life cycles: 2000
•Discharge rate: 2C/3C

Advantage:  very high specific energy

Lithium – Iron – Phosphate
(LiFePO4)

Lithium – Iron –
Phosphate
(LiFePO4)

Next future Na-ion

https://www.flashbattery.tech/en/types-of-lithium-batteries-which-chemistry-use/
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EU supply sources of raw materials for batteries
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Li
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In 2021, average global battery prices fell by 6% to around 116 EUR/kWh (in EU market - around 150 EUR/kWh) 

continuing a long-term trend.

The system cost of grid scale Li-ion applications was around EUR 350/kWh in 2021 and, for home storage systems, 

roughly twice that.

CATL announcement 56 €/kWh/cell

Source: BloombergNEF, Nov 2021
Volume weighted average pack and cell price split (real 2021 USD/kWh).

Battery price
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Mass fractions of components in an 

electric vehicle battery system.

Silvia Bodoardo



Electrochemistry Group @PoliTO Silvia Bodoardo 41

Lithium – Iron –
Phosphate (LiFePO4)

Nickel – Manganese –
Cobalt
(LiNixMnyCozO2)

https://www.flashbattery.tech/en/types-of-lithium-batteries-which-chemistry-use/

Towards more sustainable cells.. Co reduction
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Work on 
materials?
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Cell Generations

Post Li-ion:   
K-ion, Mg-ion, 
Al-ion, Ca-ion
…
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S

Key parameters

key parameters:
•energy density
•power safety
•charging rate
•cost
•temperature and chemical stability
•manufacturability
•sustainability
•recyclability
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S. Dühnen et al., Small Methods 4 (2020) 200039 
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Increase the energy density:
Solid State cells and conversion systems

Higher energy density
Smaller volume

Theoretical energy density
5 times higher than Li-ion
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Na-ion	

	X

A	Sodium-Ion	(Na-Ion)	Battery	System	is	an	energy	storage	system	based	on	electrochemical	charge/discharge	reactions	that	
occur	between	a	positive	electrode	(cathode)	composed	of	sodium-containing	layered	materials,	and	a	negative	electrode	
(anode)	that	is	typically	made	of	hard	carbons	or	intercalation	compounds.	The	electrodes	are	separated	by	some	porous	
material	which	allow	ionic	flow	between	them	and	are	immersed	in	an	electrolyte	that	can	be	made	up	of	either	aqueous	
solution	(such	as	Na2SO4	solution)	or	non-aqueous	solution	(e.g.	salts	in	propylene	carbonate).
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Potassium as an emerging post-Li choice

Abundance 
in Earth 
crust [%]

Cost 
[$ ton‒1]

Potential
[V vs SHE]

Ionic radius 
[Å]

Stoke’s
radius in PC 

[Å]

0.0017 100 000 –3.04 0.76 4.8

2.3 3 000 –2.71 1.02 4.6

1.5 10 000 –2.93 1.38 3.6

▪ Available worldwide
▪ Forms graphite intercalation compounds
▪ Does not alloy with Al.
▪ Less ordered solvation structure → the lowest desolvation

energy in EC → faster K+ diffusion.

Min et al., Energy Environ. Sci. 14 (2021) 2186

Green potassium batteries manufacturing 
processes: towards sustainable gigafactories

(FISA)

1.8 M-EUR project just granted
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ZEBRA batteries (batterie al sale….)

High temperature battery → Stationary applications
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Vanadium Flow Batteries
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Time to invest in Cell Manufacturing 

and EDUCATION

SAFER CHEAPER GREENER

FLEXIBLE BETTER

Design to Manufacture Giga-Factory concept

• NMP-free
• SOPs for safety 

handling and 
automation

• Reduced energy and 
material consumption, 
economy of scale

• Cell manufacturing 
cost reduced by 20%

• Reduced energy and 
material consumption

• Energy consumption 
of cell manufacturing  
reduced by 25%

• Digitalisation processes 
allowing to quicker 
specification change

• Affordable scalable 
process

• High performance 
LNMO/SiC

• Data-driven process 
and product quality 
control 

LNMO/Si-C 
chemistry

Industry 
actors from 
all value 
chain

Open 
Access 
ensured

Pathway 1 –
wet (NMP-
free) 
processing

Pathway 2 –
dry 
processing

Time to 
impact: 
immediate

Overarching approach
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Production



Electrochemistry Group @PoliTO Silvia Bodoardo 

Cell Manufacturing

SAFER CHEAPER GREENER

FLEXIBLE BETTER

Design to Manufacture Giga-Factory concept

• NMP-free
• SOPs for safety 

handling and 
automation

• Reduced energy and 
material consumption, 
economy of scale

• Cell manufacturing 
cost reduced by 20%

• Reduced energy and 
material consumption

• Energy consumption 
of cell manufacturing  
reduced by 25%

• Digitalisation processes 
allowing to quicker 
specification change

• Affordable scalable 
process

• High performance 
LNMO/SiC

• Data-driven process 
and product quality 
control 

LNMO/Si-C 
chemistry

Industry 
actors from 
all value 
chain

Open 
Access 
ensured

Pathway 1 –
wet (NMP-
free) 
processing

Pathway 2 –
dry 
processing

Time to 
impact: 
immediate

Overarching approach
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Water-based slurries

The changeover from an NMP-based to an

aqueous electrode production process could not

only reduce the energy consumption

tremendously due to a simplified process without

the otherwise mandatory solvent recovery

procedure for NMP.

The switch to an aqueous processing route

could also lead to cost reduction of over 90%.

Ecological and cost optimization of the

electrode coating process is directly connected

with the drying step.

Solvent recovery process is necessary for the cathode production during drying and the recovered

NMP is reused in battery manufacturing with 20%–30% loss
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Cell Production: Digital twins

56

https://onlinelibrary.wiley.com/doi/10.1002/aenm.202102696

Silvia Bodoardo
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The estimation is based on a 67 Ah NMC622/graphite cell

y. Liu et al., iScience 24, 102332, April 23, 2021 

The electrode coating, drying, cel formation and aging contribute to 48% of the entire
manufacturing cost !

Cost and Energy consumption breakdown 
for Li-ion cell manufacturing 
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Collecting exhausted batteries is mandatory

new EU regulation on Recycling ready!

https://eur-lex.europa.eu/legal-content/IT/TXT/HTML/?uri=CELEX:52020PC0798&from=EN

Increase of percentage of recycled materials
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Battery Identity Global Passport
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Time to invest in Recycling!!

62

New approaches to recovery criticAl MEtals from spent LIthium-ions batteries (AMELIE)

Microwave 
applications (*)

Solvometallurgy
approach

Hydrometallurgy 
applications

Selection of 
batteries from 
general waste

Synthesis and testing of new cells 
with recycled anodic and cathodic 

materials
Waste 

batteries 
recovery 

supply chain 

Human-centric 
solutions for the 
waste batteries 

recovery context

Sustainability analysis 
of the proposed 

technologies

Modelling and 
optimization of the 

manufacturing and de-
manufacturing process

Battery digital 
passport (digital twin) 

1

2

3a

5 6 7

8

9

10

11

Mechanical pre-
treatments

4a

TRL 1 - 3

AMELIE supports 
companies to meet

EU Batteries Regulation

Collection rate

Biocarbon 
from waste

4b

Waste streams

New batteries
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Smart 
Functionalities
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Smart Batteries @Electrochemistry Group
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Ongoing grants funded by the European Commission
Solid state sulfide based Li-metal batteries for EV applications
(H2020)

Hybrid power-energy electrodes for next generation lithium-ion
batteries (H2020)

Cell-integrated sensing functionalities for smart battery systems with
improved performance and safety (H2020)

Battery interface genome – Materials acceleration platform (H2020)

BATTERY 2030+ large-scale research initiative: at the heart of a
connected green society (H2020)

Next generation battery system concepts for marine application
(H2020)

Symbiosis for energy harversting concepts for smart platforms on
foils (H2020)

Solar driven electrochemical nitrogen fixation for ammonia refinery
(ERC-StG)

Towards the sustainable giga-factory: developing green cell
manufacturing processes (HE)

Development of advanced next generation solid-state batteries for
electromobility applications (HE)

Towards the next generation of high performance li-ion battery cells
(HE)

All-liquid phase JANUS BIdimensional materials for functional nano-
architectures and assemblies (ERC-StG)

Electrolyte optimization for enhancing GREEN ammonia production
from nitrogen ElectroReduction (MSCA) Towards the next generation of high performance li-ion battery cells

(HE)
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National ongoing grants

Tailoring the HYDrophilic-hydrophobic Reaction zone for
the Electrochemical nitrogen reduction reaction to
AMmonia (PRIN)

Binders with high iONIc Conductivity for fully sustainable
Li-ion cells (PRIN)

Lithium protection for robust and Safe batteries (FARE)

Green potassium batteries manufacturing processes: 
towards sustainable gigafactories (FISA)

Perovskite-Inspired materials-based iNdoor
PhotovOltaics for powering the Internet of Things (PRIN)

Next-Generation Redox Polymers for Lithium and Post-
Lithium Organic Batteries (PRIN)
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Electrochemistry Group @PoliTO

Follow us!

Electrochemistry Group –
Politecnico di Torino

bit.ly/3iAujuf

Electrochemistry_Group_PoliTO

Electrochemistry Group@PoliTO

THANK YOU
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Battery manufacturing can 
account from 30% to 65% of total
CO2 emissions depending on the 
emergy mix

Increase prooduction efficiency
Reduce critical materials also in 
production
Extend battery life

Élaboration selon les principes des ACV des bilans énergétiques, des émissions de gaz à effet de serre et des autres impacts environnementaux
Induits par l'ensemble des filières de véhicules électriques et de véhicules thermiques , VP de segment B (citadine polyvalente) et VUL à l'horizon 2012 et 2020
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