
 
 

Book of abstracts for  
BATTERY 2030+  

Annual Conference 2025 
 



 
 

Invited speaker  
Abstracts 

 

 

 

 

 

 

 

 







 
 

Selected  
Oral Presentation 

Abstracts 
 

 

 

 

 

 

 



mailto:daniele.callegari@unipv.it


https://doi.org/10.1039/d2cs00873d
https://doi.org/10.1002/aenm.202101422
https://doi.org/10.1039/d4cc06496h
https://doi.org/10.1039/d4cc05007j
https://doi.org/10.1002/adfm.202417317






 Selected  
Poster Pitch  
Abstracts 







BATTERY 2030+ Annual Conference 2025 

 

            

Automation of High Throughput Materials Synthesis and Cell 
Testing for Lithium and Sodium Ion Batteries 

Nadia L. Farag1, Jingyu Feng1, Magda Titirici1 
1 Imperial College London, London, United Kingdom  

 
Next-generation battery materials remain an exciting and rapidly developing area of research, however, 

it is not typically possible to test a wide variety of materials and chemistries simultaneously. Materials synthesis 
and cell assembly are traditionally time-intensive processes and due to human error and inconsistencies during 
cell assembly, there is often variation between data-sets.  

 
The DIGIBAT facility at Imperial College London provides tools to automate both material synthesis and 

cell assembly, removing these roadblocks. FULL-MAP aims to utilise these advantages, in conjunction with 
machine learning, to fast-track testing a wide range of battery chemistries and accelerate cell optimisation. 

 
This work explores electrode materials and cell compositions for both Li-ion and Na-ion batteries, 

resulting in reproducible data across a range of factors. Electrode processing and methods of optimisation are 
explored, compared to standard systems and differences in cell assembly methodologies are discussed. 
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tƻǿŜǊƛƴƎ ǘƘŜ CǳǘǳǊŜ ²ƛǘƘƻǳǘ tC!{ 
!ƳŀƴŘŀ wŜƴǎƳƻмϝΣ 9ƭŜƴƛ YΦ {ŀǾǾƛŘƻǳмϝΣ aŀǊŎŜƭ ²ŜƛƭнΣ WƻƴŀǘƘŀƴ tΦ .ŜƴǎƪƛƴмΣ ·ƛŀƴŦŜƴƎ IǳоΣ {ǘŜŦŦŜƴ 

{ŎƘŜƭƭŜƴōŜǊƎŜǊпІΣ Lŀƴ ¢Φ /ƻǳǎƛƴǎмІ 
м {ǘƻŎƪƘƻƭƳ ¦ƴƛǾŜǊǎƛǘȅΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ {ŎƛŜƴŎŜΣ {9πмлс фм {ǘƻŎƪƘƻƭƳΣ {ǿŜŘŜƴ 
н IŜƭƳƘƻƭǘȊ LƴǎǘƛǘǳǘŜ ¦ƭƳ ŦƻǊ 9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ 9ƴŜǊƎȅ {ǘƻǊŀƎŜ όIL¦ύΣ уфлум ¦ƭƳΣ DŜǊƳŀƴȅΤ YŀǊƭǎǊǳƘŜ LƴǎǘƛǘǳǘŜ ƻŦ 
¢ŜŎƘƴƻƭƻƎȅΣ LƴǎǘƛǘǳǘŜ ŦƻǊ ¢ŜŎƘƴƻƭƻƎȅ !ǎǎŜǎǎƳŜƴǘ ŀƴŘ {ȅǎǘŜƳǎ !ƴŀƭȅǎƛǎ όL¢!{ύΣ тслнм YŀǊƭǎǊǳƘŜΣ DŜǊƳŀƴȅ 
о {²9wLa !.Σ {9πфтп от [ǳƭŜňΣ {ǿŜŘŜƴ 
п wL{9 wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜǎ ƻŦ {ǿŜŘŜƴΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ {ǳǎǘŀƛƴŀōƭŜ /ƘŜƳƛǎǘǊȅ ¦ƴƛǘΣ {9πммп ну {ǘƻŎƪƘƻƭƳΣ {ǿŜŘŜƴ 
ϝ!w ŀƴŘ 9Y[ ŎƻƴǘǊƛōǳǘŜŘ Ŝǉǳŀƭƭȅ ŀƴŘ ǎƘŀǊŜ ŦƛǊǎǘ ŀǳǘƘƻǊǎƘƛǇΤ І{{ ŀƴŘ L¢/ ǎƘŀǊŜ ƭŀǎǘ ŀǳǘƘƻǊǎƘƛǇ 
 
tŜǊπ ŀƴŘ ǇƻƭȅŦƭǳƻǊƻŀƭƪȅƭ ǎǳōǎǘŀƴŎŜǎ όtC!{ύ ŀǊŜ ŀ ŘƛǾŜǊǎŜ Ŏƭŀǎǎ ƻŦ Ҕмл ллл ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŎƘŜƳƛŎŀƭǎ ŎƻƴǘŀƛƴƛƴƎ ŀǘ 
ƭŜŀǎǘ ƻƴŜ π/Cнπ ƻǊ π/Cо ƳƻƛŜǘȅ όǿƛǘƘ ŀ ŦŜǿ ŜȄŎŜǇǘƛƻƴǎύΦώмϐ {ǘǊǳŎǘǳǊŜǎ ǊŀƴƎŜ ŦǊƻƳ ƘƛƎƘ ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ 
ŦƭǳƻǊƻǇƻƭȅƳŜǊǎ ǎǳŎƘ ŀǎ ǇƻƭȅǘŜǘǊŀŦƭǳƻǊƻŜǘƘȅƭŜƴŜ όt¢C9ύ ǘƻ ǊŜƭŀǘƛǾŜƭȅ ƭƻǿ ƳƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘΣ ǿŀǘŜǊπǎƻƭǳōƭŜ ŀŎƛŘǎ 
ǎǳŎƘ ŀǎ ǘǊƛŦƭǳƻǊƻŀŎŜǘƛŎ ŀŎƛŘ ό¢C!ύΦ 5ŜǎǇƛǘŜ ǘƘŜƛǊ ŘƛǾŜǊǎƛǘȅΣ ŀƭƭ tC!{ ŀǊŜ ŜƛǘƘŜǊ ƘƛƎƘƭȅ ǇŜǊǎƛǎǘŜƴǘ ƻǊ ōǊŜŀƪ Řƻǿƴ ǘƻ 
ǇŜǊǎƛǎǘŜƴǘ ŜƴŘ ǇǊƻŘǳŎǘǎΦώнϐ !ƭǘƘƻǳƎƘ ǎƻƳŜ ƘŀǾŜ ōŜŜƴ ƭƛƴƪŜŘ ǘƻ ŀŘǾŜǊǎŜ ƘŜŀƭǘƘ ŜŦŦŜŎǘǎΣ ƘŀȊŀǊŘ Řŀǘŀ ŀǊŜ ƭŀŎƪƛƴƎ 
ŦƻǊ Ƴƻǎǘ tC!{Φ  
5ǳŜ ǘƻ ǘƘŜƛǊ ǳƴƛǉǳŜ ǇǊƻǇŜǊǘƛŜǎ ŀƴŘ ǎǘǊǳŎǘǳǊŀƭ ŘƛǾŜǊǎƛǘȅΣ tC!{ ƘŀǾŜ ŦƻǳƴŘ ǿƛŘŜǎǇǊŜŀŘ ǳǎŜ ƛƴ ǎƻŎƛŜǘȅΦ hƴŜ ŜȄŀƳǇƭŜ 
ƛǎ ǘƘŜƛǊ ǳǎŜǎ ƛƴ ƭƛǘƘƛǳƳπƛƻƴ ōŀǘǘŜǊƛŜǎ ό[L.ǎύΦ hǳǊ ǊŜŎŜƴǘ ǊŜǾƛŜǿ ƻŦ tC!{ ǳǎŜǎ ƛƴ [L.ǎ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ǇǊŜǾŀƭŜƴǘ 
ƛƴ ŜƭŜŎǘǊƻŘŜǎ ŀƴŘ ōƛƴŘŜǊΣ ŜƭŜŎǘǊƻƭȅǘŜ όŀƴŘ ŀŘŘƛǘƛǾŜǎύΣ ŀƴŘ ǎŜǇŀǊŀǘƻǊΣ ǎŜŜ CƛƎǳǊŜ мΦώоϐ Lƴ ǘƘŜ ŎŀǘƘƻŘŜΣ ŦƻǊ ŜȄŀƳǇƭŜΣ 
ǇƻƭȅǾƛƴȅƭƛŘŜƴŜ ŦƭǳƻǊƛŘŜ όt±5Cύ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ƎƻƭŘ ǎǘŀƴŘŀǊŘ ōƛƴŘŜǊ ǘƻŘŀȅ ŘǳŜ ǘƻ ƛǘǎ ŜȄŎŜƭƭŜƴǘ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ 
ǎǘŀōƛƭƛǘȅ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ǇǊƻǇŜǊǘƛŜǎΣ ŀƳƻƴƎ ƻǘƘŜǊǎΦ IƻǿŜǾŜǊΣ ǇƻǘŜƴǘƛŀƭ ŦƻǊƳŀǘƛƻƴ ŀƴŘκƻǊ ŜƳƛǎǎƛƻƴ ƻŦ tC!{ ǘƻ ǘƘŜ 
ŜƴǾƛǊƻƴƳŜƴǘ ƛǎ ƻŦ Ǌƛǎƪ ŘǳǊƛƴƎ [L. ǊŜŎȅŎƭƛƴƎΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ Ǌƛǎƪǎ ƻŦ ƘǳƳŀƴ ŜȄǇƻǎǳǊŜ ŘǳǊƛƴƎ [L. ƳŀƴǳŦŀŎǘǳǊƛƴƎΦ 
²ƛǘƘ ƛƴŎǊŜŀǎŜŘ ŀŎǘƛǾƛǘȅ ƛƴ ƘȅŘǊƻƳŜǘŀƭƭǳǊƎƛŎŀƭ ǊŜŎȅŎƭƛƴƎ ǇǊƻŎŜǎǎŜǎ ōŜŎŀǳǎŜ ƻŦ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŎƻǾŜǊ [ƛΣ ǘƘŜ ǳǎŜ ƻŦ 
tC!{ ƛƴ [L.ǎ ǿƛƭƭ ƭŜŀŘ ǘƻ ŜƳƛǎǎƛƻƴǎ ƻŦ tC!{Φ hǳǊ ǿƻǊƪ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŜ ƴŜŜŘ ǘƻ мύ ŀǎǎŜǎǎ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ƻŦ tC!{ 
ŦǊƻƳ [L. ǊŜŎȅŎƭƛƴƎ ŀƴŘ нύ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ ƳŀǘŜǊƛŀƭǎ ōŀǎŜŘ ƻƴ ŀ ŘŜǎƛƎƴπŦƻǊπǊŜŎȅŎƭƛƴƎ ŎƻƴŎŜǇǘΦ  
Lƴ ǘƘŜ ǇǊŜǎŜƴǘ ǿƻǊƪǎΣ ǿŜ ŀǎǎŜǎǎŜŘ ǘƘŜ ŎǳǊǊŜƴǘƭȅ ŀǾŀƛƭŀōƭŜ tC!{ ŀƭǘŜǊƴŀǘƛǾŜǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ǳǎŜŘ ƛƴ [L.ǎΦώпϐ ²Ŝ ŀƭǎƻ 
ŀŘƻǇǘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŜǎǎŜƴǘƛŀƭ ǳǎŜ ǿƘŜƴ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ǳǎŜǎ ƻŦ tC!{ ƛƴ ōŀǘǘŜǊƛŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ŀǇǇƭȅ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ 
ǎǳōǎǘƛǘǳǘƛƻƴ ŦǊŀƳŜǿƻǊƪ ǘƻ ƭƻƻƪ ōŜȅƻƴŘ ŘǊƻǇπƛƴ ǎǳōǎǘƛǘǳǘƛƻƴ ŀǎ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜΦώрϐώсϐ tǊŜƭƛƳƛƴŀǊȅ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜ 
ǘƘŀǘ ǇƻǿŜǊƛƴƎ ǘƘŜ ŦǳǘǳǊŜ ǿƛǘƘƻǳǘ tC!{ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘΦ IƻǿŜǾŜǊΣ ǘƘŜ ǘƛƳŜŦǊŀƳŜ ƻŦ ǎǳōǎǘƛǘǳǘƛƻƴ ƛƴ ƛƴŘƛǾƛŘǳŀƭ 
ŎƻƳǇƻƴŜƴǘǎ ǊŜƳŀƛƴǎ ƘƛƎƘƭȅ ǳƴŎŜǊǘŀƛƴΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǿƛǘƘƛƴ ŀ ǿƘƻƭƛǎǘƛŎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀǎǎŜǎǎƳŜƴǘΣ ƛǘ ƴŜŜŘǎ ǘƻ ōŜ 
ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ tC!{ ǊŜǇƭŀŎŜƳŜƴǘ ǿƛƭƭ ƴƻǘ ƭŜŀŘ ǘƻ ōǳǊŘŜƴ ǎƘƛŦǘƛƴƎΦ ¢ƘŜ ƴŜŜŘ ŦƻǊ ƛƴƴƻǾŀǘƛƻƴ ŜƴŀōƭŜŘ ōȅ 
ŜƳƛƴŜƴǘ ǊŜǎŜŀǊŎƘŜǊǎ ƛƴ ŀŎŀŘŜƳƛŀ ŀƴŘ ƛƴŘǳǎǘǊȅ ŀƭƛƪŜ ƛǎ ŎǊǳŎƛŀƭΣ ōƻǘƘ ƛƴ ǇǊƻǾƛŘƛƴƎ ŀŘǾŀƴŎŜƳŜƴǘǎ ǿƛǘƘ ƴƻǾŜƭ 
ƳŀǘŜǊƛŀƭǎ ŀǎ ǿŜƭƭ ŀǎ ŘŜǎƛƎƴƛƴƎ ōŀǘǘŜǊƛŜǎ ŦƻǊ ǾŀǊƛƻǳǎ ǳǎŜǎ ǿƛǘƘ ŘƛŦŦŜǊƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎΦ  

 
CƛƎǳǊŜ мΦ 9ȄŀƳǇƭŜǎ ƻŦ ǇŜǊπ ŀƴŘ ǇƻƭȅŦƭǳƻǊƛƴŀǘŜŘ ƳŀǘŜǊƛŀƭǎ ƛƴ όƭƛǘƘƛǳƳπƛƻƴύ ōŀǘǘŜǊƛŜǎ όŀŘŀǇǘŜŘ ŦǊƻƳ ώоϐύΦ 

w9C9w9b/9{ 
ώмϐ h9/5 όнлнмύΣ h9/5 {ŜǊƛŜǎ ƻƴ wƛǎƪ aŀƴŀƎŜƳŜƴǘΣ bƻΦ смΣ h9/5 tǳōƭƛǎƘƛƴƎΣ tŀǊƛǎΦ 
ώнϐ LΦ ¢Φ /ƻǳǎƛƴǎΣ WΦ /Φ 5Ŝ²ƛǘǘΣ WΦ DƭǸƎŜΣ DΦ DƻƭŘŜƴƳŀƴΣ 5Φ IŜǊȊƪŜΣ wΦ [ƻƘƳŀƴƴΣ /Φ !Φ bƎΣ aΦ {ŎƘŜǊƛƴƎŜǊ ŀƴŘ ½Φ 
²ŀƴƎΣ 9ƴǾƛǊƻƴΦ {ŎƛΦΥ tǊƻŎŜǎǎŜǎ LƳǇŀŎǘǎΣ нлнлΣ ннΣ нолтςномнΦ 
ώоϐ !Φ wŜƴǎƳƻΣ 9Φ YΦ {ŀǾǾƛŘƻǳΣ LΦ ¢Φ /ƻǳǎƛƴǎΣ ·Φ IǳΣ {Φ {ŎƘŜƭƭŜƴōŜǊƎŜǊ ŀƴŘ WΦ tΦ .ŜƴǎƪƛƴΣ 9ƴǾƛǊƻƴ {Ŏƛ tǊƻŎŜǎǎ 
LƳǇŀŎǘǎΣ нлноΣ нрΣ млмрςмлолΦ 
ώпϐ 9Φ YΦ {ŀǾǾƛŘƻǳΣ !Φ wŜƴǎƳƻΣ WΦ tΦ .ŜƴǎƪƛƴΣ {Φ {ŎƘŜƭƭŜƴōŜǊƎŜǊΣ ·Φ IǳΣ aΦ ²Ŝƛƭ ŀƴŘ LΦ ¢Φ /ƻǳǎƛƴǎΣ 9ƴǾƛǊƻƴΦ {ŎƛΦ 
¢ŜŎƘƴƻƭΦΣ нлнпΣ руΣ нмфлуςнмфмтΦ 
ώрϐ LΦ ¢Φ /ƻǳǎƛƴǎΣ DΦ DƻƭŘŜƴƳŀƴΣ 5Φ IŜǊȊƪŜΣ wΦ [ƻƘƳŀƴƴΣ aΦ aƛƭƭŜǊΣ /Φ !Φ bƎΣ {Φ tŀǘǘƻƴΣ aΦ {ŎƘŜǊƛƴƎŜǊΣ ·Φ ¢ǊƛŜǊΣ [Φ 
±ƛŜǊƪŜΣ ½Φ ²ŀƴƎ ŀƴŘ WΦ /Φ 5Ŝ²ƛǘǘΣ 9ƴǾƛǊƻƴΦ {ŎƛΦΥ tǊƻŎŜǎǎ LƳǇŀŎǘǎΣ нлмфΣ нмΣ мулоςмумрΦ 
ώсϐ WΦ !Φ ¢ƛŎƪƴŜǊΣ WΦ bΦ {ŎƘƛŦŀƴƻΣ !Φ .ƭŀƪŜΣ /Φ wǳŘƛǎƛƭƭ ŀƴŘ aΦ WΦ aǳƭǾƛƘƛƭƭΣ 9ƴǾƛǊƻƴΦ {ŎƛΦ ¢ŜŎƘƴƻƭΦΣ нлмрΣ пфΣ тпнςтпфΦ 
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Aqueous Processing ABC: Improving the Aqueous Processing 
of Ni-rich Layered Oxide Cathodes by Additives, Binder and Coating. 

 
Simon Albers a, Jens Timmermann a, Marcel Heidbüchel a, Martin Winter a,b and Johannes Kasnatscheew a  

a University of Münster, MEET Battery Research Center, Corrensstr. 46, 48149 Münster, Germany  
b Helmholtz-Institute Münster, IEK-12, Forschungszentrum Jülich GmbH, Corrensstr. 46, 48149 Münster, 

Germany  
  

To ensure an extensive market penetration of electric vehicles, among others, lithium ion batteries (LIBs) need 
to achieve a further reduction of the environmental impact and costs of the electrode manufacturing process.[1] 
Aqueous processing of LIB cathode electrodes has become a vital strategy to substitute state-of-the-art 
teratogenic N-Methyl-2-pyrrolidone (NMP) solvent and the fluorinated polymer polyvinylidene difluoride (PVDF) 
binder with more sustainable materials.[2] Additionally, benefits like savings in investments and processes, e.g., 
via circumventing solvent recovery and a faster recycling can be expected.[3]  
 
Aqueous processing of Ni-rich layered oxide (NCM) cathodes is investigated and demonstrated[4], though obvious 
issues require further investigations, i.e., Li-leaching, aluminium dissolution/corrosion[2] as well as  moisture-
sensitive CAM degradation.[5] Individual and issue-targeted solutions are established in literature, while their 
relevance for individual processing step including meaningfulness of strategy combinations are less investigated 
and discussed. Therefore, the protection and stabilization of the NCM particle is considered in a bottom-up 
approach along the supply chain with particle modification, electrode processing as well as cell charging and 
discharging. In general, tailored particle coatings might not be suitable to protect the initial NCM surface while 
other approaches including additives and binder are reasonable to protect fresh formed surfaces during cathode 
processing and cycling.  
 
[1] S. Dühnen, J. Betz, M. Kolek, R. Schmuch, M. Winter, T. Placke, Small Methods 2020, 4, 2000039.  
[2] F. Reissig, S. Puls, T. Placke, M. Winter, R. Schmuch, A. Gomez-Martin, ChemSusChem 2022, 

e202200401.  
[3] J. Li, Y. Lu, T. Yang, D. Ge, D. L. Wood, Z. Li, iScience 2020, 23, 101081.  
[4] S. Radloff, G. Carbonari, R.-G. Scurtu, M. Hölzle, M. Wohlfahrt-Mehrens, Journal of Power Sources 2023, 

553, 232253.  
[5] M. Hofmann, M. Kapuschinski, U. Guntow, G. A. Giffin, J. Electrochem. Soc. 2020, 167, 140535.  
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Recent experiments conducted by researchers at CEA resulted in production in a double stage Laser 
pyrolysis set up [1] of short aggregate chain, 40 nm, and 18 wt.% carbon coated silicon material that was 
successfully co-processed by AETC into a battery-ready anode active material that displayed enhanced stability 
at prolonged electrochemical cycling in battery cells constructed by ISPE. Reactive synthesis at CEA focuses on 
optimization of chemical composition of precursor gas, variables of operation of lasers, optimization of flow 
rates, reactor pressure, and dilution of precursor, all of which had an effect on the resultant particle size 
aggregate chain length and other surface properties such as BET surface area. Work at AETC focused on using 
industrial scale mechanochemical [2] and continuous thermal processes to generate hybridized particles that 
contain natural graphite, mesophase carbon-derived synthetic graphite, recycled and healed graphite extracted 
from spent lithium-ion batteries, nano-structured silicon to form a composite with precise composition of 
individual aforementioned ingredients on a single particle level. To further stabilize anode active material from 
volumetric change, hybridized anode particles were surface coated with a layer of nanostructured soft carbon. 
Battery electrochemists at ISPE were able to successfully apply the resultant particles on to copper foil and 
construct half-cells of CR2032 configuration, achieving very stable cycling versus control hybridized graphite that 
consisted of all the same ingredients without the addition of silicon nanoparticles. The team focused on the 
application of 1 wt.% loading of silicon into the hybrid anode and higher loadings are being explored concurrently.   
  

 
Figure 1. Electrochemical Data for Anodes Without Silicon (Top), Electrochemical Data for Anodes 

with 1 wt.% Silicon (Bottom) 
 

REFERENCES 
[1] One step synthesis of Si@C nanoparticles by laser pyrolysis: high capacity anode material for lithium ion 
batteries, J. Sourice, A. Quinsac, Y. Leconte, O. Sublemontier, W. Porcher, C. Haon, A. Bordes, E. De Vito, A. 
Boulineau, S. Jouanneau Si Larbi, N. Herlin-Boime, C. Reynaud, ACS Applied Materials and Interfaces, 7(12), 
6637-6644 (2015) 
[2] P. Ruvinskiy, I.V. Barsukov, O. Mashtalir, C.M. Reid, J.J. Wu, and Y. Gogotsi. Nano-Silicon Containing 
Composite Graphitic Anodes with Improved Cycling Stability for Application in High Energy Lithium-Ion 
Batteries. ECS J. Solid State Sci. Technol., 2 (10), M3028-M3033 (2013). 













BATTERY 2030+ Annual Conference 2025 

 

            

INVESTIGATION AND ANALYSIS OF EUROPEAN LITHIUM-ION 
BATTERY MACHINERY PRODUCTIVITY 

 
Kartal Arslan1, Kamil Burak Dermenci1, Joeri Van Mierlo1, Maitane Berecibar1 

 
1 Electromobility Research Centre, Vrije Universiteit Brussel, Pleinlaan 2, Brussels 1050, Belgium 

 
Climate change and global warming are the two major environmental threats facing the world and the 

widespread use of fossil fuels as the primary energy source intensifies their impacts. In order to minimize the use 
of fossil fuels and eliminate the existing environmental problems caused by them, scientists and policymakers 
seek sustainable and renewable energy sources such as energy storage systems, solar and wind [1]. Among 
energy storage systems, lithium-ion batteries (LIBs) dominate the market by their outstanding advantages such 
as high energy density, high reliability, relatively stable charge-discharge conditions, and long cycle performance. 
In addition, with their superior characteristics, LIBs find widespread applications, primarily in electrical vehicles, 
as well as in portable electronic devices and smart power grids. On the other hand, its functionality and high-
performance features not only attract increasing attention but also strengthen competition in this field. In terms 
of LIB production, China is the leader with 74%, followed by Europe with 8.5% and United States 11% [2]. In 
response, the European Union (EU) is making significant efforts to strengthen the LIB value chain in order to gain 
a competitive edge in this market. Although raw material supply is currently receiving the highest attention when 
considering the overall LIB production value chain; battery machinery is one of the most important elements 
influencing environmentally friendly, cost-effective and energy efficient battery production. 

In this study, we analysed on the EU-wide battery machinery production. For this purpose, a map 
including the 174 machinery manufacturers by country have taken as reference. In the next step, publicly 
available product catalogues of each manufacturer were solicited by different methods such as sending e-mails, 
following their talks and posts on online dissemination tools and visiting their booths in the fairs. The accessed 
product catalogues were classified based on the LIB manufacturing steps. After categorizing the collected data, 
we conducted various comparisons with country-specific data across different scopes such as distribution of LIB 
machinery manufacturers across Europe (Figure 1), distribution of LIB machinery manufacturers by LIB 
production process stages on country basis and comparison of number of LIB machinery manufacturers and R&D 
expenditure relative to gross domestic product values by country. Obtained results were used to develop a 
critical perspective of LIB value chain of Europe from the LIB machinery point of view. 
 

 
Figure 1. Distribution of lithium-ion battery machinery manufacturers across Europe 
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The BIOSTORE project aims to advance battery technology by incorporating biological and bio-based materials 
to replace fossil-based components, thereby reducing environmental impact. Aligned with the principles of the 
bioeconomy and circular economy, this interdisciplinary initiative integrates biology, chemistry, battery research, 
political and social sciences, and economics. A key focus is the research and modification of bacterial 
exopolysaccharides, natural rubber, and other biopolymers and bioinspired additives. These materials are 
optimized through genetic and chemical modifications to enhance battery performance. Additionally, life cycle 
assessment will be employed to evaluate the sustainability of the materials and processes developed. To ensure 
broader acceptance and responsible innovation, the project also examines the political and social dimensions of 
new battery technologies. 
 
Ongoing research focuses on the development of anode active materials, with particular emphasis on hard 
carbon, while investigations on the cathode side are directed toward binder materials and their rheological 
properties. To eliminate per- and polyfluoroalkyl substances (PFAS) from battery components, alternative 
cathode binders are being explored. Both binders and separators are derived from polysaccharides, though they 
exhibit distinct functionalities and material characteristics. Additionally, the project investigates the potential of 
biological and plant-based additives in electrolytes as a sustainable alternative to conventional components. By 
integrating these innovative materials and processing techniques, the project aims to advance environmentally 
sustainable and high-performance battery technologies. 
 
 

 
 

Figure 1. A schematic overview of the scientific research projects that are currently relevant to the 
BIOSTORE project.  
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Abstract: 
As the need for effective battery waste management grows, it is important to recycle the batteries in 

order to sustain the supply of materials, mitigating the environmental impact due to end-of-life (EoL) batteries 
and natural resource exploitation activities1. Traditional methods for recycling prove inadequate, lacking 
efficiency, and eco-friendliness. Therefore, new methodologies have been developed to counter these 
challenges, mainly through hydrometallurgical approach2. These technologies have proven to be efficient but 
rapid change in battery chemistry is making recycling process difficult since, each chemistry requires specific 
recycling process3,4. Another problem is the low recovery of Li (lithium) including its separation and purification. 
To address these challenges, in REVITALISE we proposed early-stage (selective) recovery of Li using mild 
hydrometallurgical approach and robust total acid leaching to recover cathode active materials from spent 
batteries. Li selective leaching by water was proposed to ease its separation and purification, which in current 
work involves liquid-liquid extraction, antisolvent crystallization and cooling crystallization techniques. This flow 
sheet was proposed to make a closed loop process through utilization of intermediate and side products 
including impurities back into main recycling stream.  Herein, we report that Li was successfully leached, 
separated and purified as Li2CO3 from NMC black mass under optimized conditions. The obtained product has a 
purity of 80% and a recovery rate of 90%. 

While total acid leaching was opted because it can facilitate making a robust process for different NMC 
and LFP battery chemistries. A design of experiments (DOE) was done to understand the interaction of lixiviants 
with NMC 111, NMC 622 and NMC 901, respectively. For this, inorganic acids H2SO4, HCl, and HNO3 were used to 
leach the metals from the NMC black mass. To understand the effect of leaching, several input variables including 
pulp density, temperature and concentration of acid used were selected. A multilinear regression model was 
used to analyze the data from DOE to select the ideal lixiviant for leaching. Modelling results showed better 
regression coefficient for chloride leaching as compared to other lixiviants. Thus, it was observed that HCl is good 
to be used as it is not affected by the type of battery chemistry and no reducing agent is required for leaching.  
 

REVITALISE is a research project that aims to develop low cost and green process recycling technology 
to recover of full range of battery materials funded by European Climate Infrastructure And Environment 
Execution Agency (CINEA) under the grant agreement number 101137585. 
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Spent lithium-ion batteries (LIBs) are an excellent secondary resource of critical minerals such as lithium, 
cobalt, and nickel. Nevertheless, the existing recycling methods have a significant carbon footprint and are 
energy intensive. Because of the innate heterogeneity of battery materials based on different chemistries, the 
extent of recycling is largely source dependent, making environmentally benign processing of LIBs essential for 
the extraction and reuse of important minerals [1]. In this context, the development of the microwave-assisted 
hydrometallurgical recycling process employing mixed organic acids has been examined for a cobalt-rich spent 
LIB blackmass by varying various parameters such as acid concentration, reducing agent dosage, and microwave 
power. The leaching operation was optimized to achieve leaching efficiencies of Li: 96.47 %, Co: 95.10 %, Ni: 
94.80 % and Mn: ~100 %. Up to 95% of metal values were coprecipitated in the form of a metal-organic 
coordination complex, followed by further processing to regenerate carbon-coated lithium cobalt oxide (LCO) 
cathode. Lastly, lithium was recovered as high-purity (~98%) lithium carbonate. The green route enables efficient 
recycling of spent LIBs, which paves a pathway for generating eco-friendly value-added products with high 
throughput processing towards a sustainable future. 
 
Keywords: Spent LIBs; Recycling; Microwave-assisted processing; Hydrometallurgy; Organic acids. 
 
 

 
 

Figure 1. Process flow diagram 
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Based on their high gravimetric and volumetric energy and power, long lifetime and reasonable cost, to 
date lithium ion batteries (LIBs) are the dominant electrochemical energy storage technology. Nevertheless, 
there has been an increasing emphasis on research directed towards the development of alternative battery 
technologies, characterized by their enhanced sustainability and potentially higher safety. Batteries utilizing 
highly concentrated aqueous electrolytes are promising based on their low flammability and potentially low 
toxicity, but suffer from a narrow electrochemical window. This, however can be expanded when utilizing high 
conducting salt concentrations, enabling their application in certain LIBs or supercapacitors.[1-3] Though the 
underlying mechanisms remains to be fully elucidated, the origin is believed to be an altered solution structure 
and electrolyte|electrode interface and interphase.[2] 

 

The focus of this study is on the investigation of different highly concentrated imide-based aqueous 
electrolytes by means of Raman spectroscopy to gain deeper insights into their ion arrangements.[3] Thereby, 
the impact of the salt concentration and anion size are discussed. In addition, the electrochemical properties and 
the performance of various highly concentrated aqueous electrolytes is demonstrated in supercapacitors and 
potential influences are addressed. 
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In recent years, the electric vehicle market in Europe has expanded rapidly, with lithium iron phosphate (LFP) 
batteries gaining significant market share due to their lower cost compared to nickel-manganese-cobalt (NMC) 
alternatives. However, due to the low value of their primary materials, LFP batteries are currently unprofitable 
to recycle [1,2]. Given their average lifespan of approximately eight years, large volumes of LFP battery waste 
will emerge within the next five years [3]. At the same time, EU regulations require minimum recycling 
efficiencies and recycled content in new batteries [1]. Beyond waste management, recycling could also reduce 
���µ�Œ�}�‰���[�•���Œ���o�]���v�������}�v���]�u�‰�}�Œ�š�������o�]�š�Z�]�µ�u�X�� 
This study assesses the economic feasibility of LFP battery recycling by modeling an industrial-scale process that 
integrates mechanical pre-processing with cathode material recovery. A techno-economic analysis is conducted 
to identify key cost drivers and evaluate potential pathways to improve profitability. Two scenarios are 
examined: the current state of battery recycling and an optimized process stream that could be implemented 
within five years. 
The findings show that existing methods are unprofitable mainly due to limited product yields and the high costs 
required to achieve sufficient purity of the output materials. In Europe, achieving the necessary purity levels 
without advanced automation is costly due to high labor expenses. Thus, the optimized scenario explored in this 
work focuses on direct recycling combined with automation, leveraging existing and emerging technologies. In 
this optimized scenario, economic feasibility improves, and sensitivity analysis indicates that break-even point 
can be achieved under favorable lithium prices and cost reductions in labor and equipment.  Therefore, a 
combination of these factors could make LFP recycling an economically viable strategy for battery circularity and 
securing critical raw materials. 

 
Figure 1.Cost breakdown for the currently available recycling of LFP via hydrometallurgy and direct recycling, 

and of an optimized scenario using direct recycling.  
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Silicon is a promising negative electrode material for high-energy automotive batteries, but its significant volume 
changes during cycling cause rapid degradation, limiting its loading to just 10 wt.% in commercial graphite/Si 
composite negative electrodes as a compromise between energy density and cycle life. Overcoming this 
threshold requires evidence-based design of advanced electrodes[1]. Here we combine operando optical 
microscopy[2], synchrotron X-ray CT 4D imaging, digital image/volume correlation and  machine learning-
assisted image processing techniques, to elucidate the multiscale electro-chemo-mechanical processes in 
graphite/�P-Si composite negative electrode[3]. Presented with multimodal high-resolution videos, here we show 
the expansion of porous �P-Si particles strongly depend on the morphology of the intra-particle porosity. This 
challenges the ubiquitous assumptions about porous Si in mitigating volume effect. Moreover, charging current 
overload in graphite particles and abnormal lithiation of Si against thermodynamics are shown, which increase 
the risk of early lithium plating and capacity yet are often overlooked. Surprisingly, the electrode expansion is 
not necessarily governed by Si; rather, its influence only becomes pronounced at high SOCs during the first 
lithiation cycle but is dominated by graphite in the subsequent cycles. Severe thickness expansion (20%) and 
reduction in nano-pores (from 43% to 21%) are observed in the CBD, undermining accessible capacity and fast 
charging capability. Finally, in response to the five identified major challenges in graphite/m-Si composite 
electrodes, we develop a double-layered graphite/m-Si composite negative electrode, which demonstrates 
significantly lower polarization and mitigated capacity decay compared to its homogeneous counterparts. Overall, 
this study provides a comprehensive framework for advancing Si-based negative electrodes through hierarchical 
engineering, from particle level to the 3D architecture of the electrode. 

 
Figure 1. Coupling multimodal operando microscopy to reveal the multiscale microstructure 
evolution and electro-chemo-mechanical processes towards design of advanced electrodes. 
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Nowadays lithium-ion batteries (LIBs) are the most spread and reliable energy storage technology, but 

they also show some drawbacks that hinder the possibility to satisfy the rising demand for energy storage 
devices. Consequently, the study and development of alternative post-lithium-ion technologies is of crucial 
importance to make them commercially viable in the future. Among these systems, lithium-sulphur batteries 
(LiS) are one of the most interesting due to the high theoretical specific capacity of sulphur (1672 mAh g�t1). 
However, the practical application of LiS is still strongly limited by some issues. [1] The most impactful one is the 
so-called shuttle effect, caused by the diffusion of soluble lithium polysulphides formed upon cell discharge. To 
prevent this, different materials capable of binding these soluble species and catalysing their reduction reaction 
have been proposed as cathodic sulphur hosts. [2] 

The present work aimed at studying a recent class of bidimensional metallic carbides and nitrides, 
discovered in 2011 and known as MXenes [3], and their direct and simple application in the field of lithium-
sulphur batteries. Particularly, four samples of bidimensional titanium carbide, in the form of Ti3C2, were 
prepared by varying the parameters of the classic synthesis, using a more sustainable process. The different 
samples of Ti3C2 were synthesized and characterized using physico-chemical and electrochemical techniques to 
evaluate their affinity to lithium polysulphides and their potential activity as catalysts for sulphur reduction 
reactions. Then, different cathodic formulations and the synthesized materials were studied in full cell 
applications. 

The obtained results showed that the combination of low acid concentrations and higher reaction time 
allows to synthesize MXenes characterized by good morphological, physico-chemical and electrochemical 
properties overall. During full cell study, instead, we noticed that the employment of a thermal treatment during 
composite cathodic material production leads to better homogeneity and stability of the final system. In addition, 
using MXenes as sulphur host limits polysulphides shuttling and stabilizes cell specific capacities. 

The best synthesized MXene sample was then furtherly tested up to 500 cycles and compared with 
standard carbon black-based sulphur cathodes. Although the obtained values are still far from the maximum 
theoretical specific capacity, they are promising thanks to their higher stability and capacity retention features. 
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Perovskite oxides are very popular for energy storage applications and show high stability characteristics 
in supercapacitors. Doping in perovskite oxides can further enhance their performance. Herein, the synthesis of 
cost-effective co-doped perovskite material for energy storage devices has been discussed. The sol-gel method 
is used to prepare the co-doped (LaMnxCoyNi1-(x+y)O3) perovskite oxide having the ratio (x = 0, y = 0), (x = 0.02, y 
= 0.08), and (x = 0.08, y = 0.02). Hexagonal crystal structures were confirmed by X-ray diffraction (XRD), which 
revealed enhancement in lattice constants as the Co concentration increased. The X-ray photoelectron 
spectroscopy (XPS) confirmed the presence of La3+, Ni3+, Ni2+, Co3+, Mn2+, and O2- ions on the surface of the 
synthesized electrode material (LaMnxCoyNi1-(x+y)O3). Electrochemical performance was tested in 6M KOH 
aqueous solution of all materials, and it shows an enhancement in specific capacitance by increasing the 
concentration of Cobalt. An asymmetric supercapacitor (LaMn0.02Co0.08Ni0.9O3/separator/AC) was also fabricated 
and tested in two electrode systems.  
 

 
Figure 1. About supercapacitor 
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Lithium-ion batteries (LIBs) are essential for the global transition to sustainable energy, especially in electric 
transportation and large-scale energy storage. As the demand for more sustainable solutions grows, optimizing 
cathode production processes has become crucial to improving LIB performance and scalability. "In this context, 
Lithium Nickel Manganese Oxide (LNMO) stands out as a promising high-voltage cathode material, offering key 
advantages over conventional Nickel Manganese Cobalt (NMC) due to its cobalt-free composition, which 
enhances sustainability and eliminates dependence on cobalt-related costs, both monetary and ethical. To 
further promote sustainability in battery production, it is also important to study and encourage the usage of 
innovative water-compatible binders for waterborne processes, aiming to improve both environmental impact 
and performance efficiency. This study investigates the role of alternative binders in a waterborne pathway for 
LNMO cathode fabrication, comparing their electrochemical performance and processability against the already 
commercially used Carboxymethyl Cellulose (CMC). Three alternative binders �t Guar Gum (GG), Lithium 
Polyacrylate (Li-PAA), and Sodium Alginate (ALG) �t are thus systematically evaluated. The objective is to 
determine their suitability as standalone binders and explore the potential benefits of blended formulations to 
enhance cathode performance. A Design of Experiments (DoE) approach is employed to optimize binder 
selection, aiming to achieve superior electrochemical stability together with high processability. Characterization 
techniques include galvanostatic cycling [Figure 1], Potentiostatic Electrochemical Impedance Spectroscopy 
(PEIS), Fourier Transform Infrared Spectroscopy (FTIR), and rheological assessments (shear rate, amplitude, and 
frequency sweeps). Preliminary findings indicate that the proper binder selection significantly influences 
electrode processing and electrochemical behavior, highlighting the potential of alternative formulations for 
improved performance. This study provides valuable insights into waterborne LNMO cathode production for 
Lithium-ion batteries, emphasizing the potential of optimized binder combinations to significantly enhance both 
electrochemical performance and processability, ultimately contributing to the development of more 
sustainable, cost-effective, and efficient LIBs. 
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Figure 1. Brief comparison of the rate capability and long cycling tests carried out using different binders in a LNMO cathode formulation 






















































































