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First hints at relationship
between CO2 levels and
global warming issues
à Arrhenius 1887
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1. Investing in research and innovation ± shaping the future we want, together 

With a proposed budget of 100 billion euro from 2021±2027, Horizon Europe represents the 
largest multinational collaborative research and innovation investment in Europe and is open to 
participants worldwide. The European Union undertakes an investment of this magnitude because 
research and innovation is essential for finding new solutions to the challenges we are facing ± and 
because the challenges are of such a magnitude that they cannot be addressed by one country 
alone. Research and innovation is necessary to create new opportunities, tackle climate change, 
support sustainable economic growth and the competitiveness of our businesses and industries, 
and to enable better welfare and public services for all Europeans. Research and innovation allows 
us to shape the future we want for future generations. 

While European research and innovation is setting a world standard for excellence, the potential 
impact of investments in research and innovation is greater when efforts have both a rate and a 
direction. This view is recognised in the specific objectives of Horizon Europe which highlights the 
need to strengthen the impact of research and innovation in developing, supporting and 
imSlemenWing Union SolicieV and « Wo addUeVV global challengeV, inclXding climaWe change and the 
Sustainable Development Goals. 

Where and how research and innovation funds are invested now is of paramount importance to 
shape the future we want. That is why a wide spectrum of stakeholders, businesses, public 
authorities, organisations and interested citizens have been invited to share their views and help 
help consolidate of the key impacts to be targeted in the first four years of Horizon Europe 
implementation. Their responses have been overwhelmingly positive: more than 7000 people and 
organisations gave their views in online co-design surveys and almost 4000 participants discussed 
Strategic Planning for Horizon Europe at the first European Research and Innovation Days in 
September 2019. Directing Horizon Europe investments to where it matters most. Shaping the 
future we want, together.  

 

The United Nations Sustainable Development Goals 

 
  



REVENEWABLE SOURCES AND ENERGY STORAGE

PROBLEM
Production and consumption of 
RENEWABLE ENERGY are 
ASYMMETRICAL on daily an 
seasonal scales

SOLUTION
Use of STORAGE SYSTEMS that store
excess energy when generated, and 
release it when needed

for the discovery of Li-ion batteries!



ARE BATTERIES SUSTAINALBE?
the case-study of ELECTRIFIED VEHICLES



SUSTAINABILITY

• Supply and cost of raw materials
• Energy costs

• Environmental impact
• Safety

• Performances
• Applications



- SYNTHESIS AND CHARACTERIZATION (SEM, TGA, FTIR, Raman) 
of functional materials for electrochemical energy STORAGE 
AND CONVERSION: LIBs, NIBs, PEMFCs, SOFCs

- Sustainability plays a central role
- Alternative materials for HIGHER PERFORMANCES and 

reducing DEPENDENCY ON RAW MATERIALS
- Hard carbons da economia circolare
- GREEN electrode formulations (solvente/binder alternative 

combinations)
- Reuse/recycle /upcycle strategies

- Electrochemical characterizations
- Redox processes
- Charge/discharge performances
- Interfacial phenomena



LiCoO2
NMC 333
(30% Co)

LNMO
(Co free)

NMC 811
(10% Co)

Reduction of Co content in LIB cathodes

less Co also means higher redox potential à higher cell voltage



Battery production costs

1.6% Overhead

2.2% Labour

49% Cathode

11% Graphite

23% Electrolyte

10% Others

7% Separator

96.3% Material

Li- ion cell material costs

Why cathode materials?

Why the right choice of cathode materials has significant attention?



Replace partially 
with Mn & Ni

(NMC)LiNixMnyCozO2

MnNiCo LiO

LiCoO2

Co LiO

• The cost of cobalt 
• The toxicity of the material

NMC(333) 33% Co Nowadays are used in the market

NMC(811) 10% Co Are considered as next generation 
cathodes 

q Improving the ion and electron transport.q Improving the chemical stability.

q Enhancing the thermal stability.

NMC
Doped-NMC

Coating layer

Modification
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With Fd3m space group

LiMn1.5Ni0.5O4 (Co-free)
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Nano flake 



Advantages:
o 10x capacity with respect to 

state-of-the-art graphite

o Low cost, high abundance, 
envinronmentally friendly

Drawbacks:
o Large volume variations and 

mechanical unstability

o Performance loss upon cycling

Next-generation anodes: Silicon

ENERGY BOOST



Si/C composite anodes
o Food-waste largely available raw materials

o Facile synthesis with no pre-treatment needed

CIRUCULAR ECONOMY

C matrix buffering Si 
volume changes

Next-generation anodes: Silicon



Eco-friendly binders as substitues for PVDF

Chitosan

Acido citrico

PVDF: toxic and inefficient for Si



SnO2 nanorods / 
amorphous carbon 

anode

3x capacity than
graphite anode

MATERIALS ON 
THE EDGE…



Nanocomposito di Fe3O4 e 
grafene ossido ridotto

It can be charged very
quickly: 6 minutes!!!

2x capacity than
graphite

Good also for Sodium-
ion batteries

Fe3O4 / graphene
anode



Recycling and upcycling of Li-ion batteries



Upcycling of Li-ion batteries

Why UPcycling?

• Direct recycling à Shorter cycle

• Recovery of materials with 
enhanced performances

• Removaol of critical materials (Co,  
F-based polymers…)



Sodium-Ion Batteries (NIBs)

Due to its abundance on Earth’s crust and 

low-cost, Na is an ideal candidate for 

substituting Li in efficient rechargeable

batteries.

BUT… lower performances (Na heavier

than Li, higher anode potential) 



Hard Carbon anode necessary (graphite not usable)
à can be prepared from waste biomass (food/forest)

Hard CarbonNaxMO2


