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WP1: Specification of KPIs and use cases 
including reuse and recycling

T1.2 Regulations and Standards
(Lead: FHG, partners: Altris, SAFT, UBham) [M6-M42] 
T1.4 Recycling and Reuse
(Lead: TES-Recupyl, partners UBham) [M24-M36]

WP6: Circular economy Cell and Material 
lifecycle design

T6.1 Design for disassembly, separation and recycling
(Lead: Recupyl, partners UBham) [M3-M36] 
T6.2 Reclamation and Reuse
(Lead: UBham, partners Recupyl, Altris) [M18-M42] 
T6.3 Life cycle assessment (LCA) analysis
(Lead: KIT, partners UBham, Recupyl) M36-M42



SAFETY AND TRANSPORT STANDARDS

1) Transport standards and regulations - WP1

2) Battery configuration, from liquid to solid electrolyte - WP2

3) Safe state-of-charge transport - WP5
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T1.2 Regulations and Standards

T1.2 Regulations and Standards (Lead: FHG partners: Altris, SAFT, UBham) [M6-M42] 

Objective: Collate and disseminate in a report EU, UK and Global regulations and standards for materials, safety 
and recycling for solid state batteries. Handling, manufacturing and application standards. (M18)
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Regulations
and 

Standards 

Classification  (In 
transport)

Materials uses, 
properties and 

regulations

Transport 
standards

(ADR,RID,IA
TA,IMDG)

Transport 
standardisation
organisations

Safety standards
(IEC IEC 62619, 
AR-E 2510-50)

D1.2 M18 – Report on T1.2

Rail and road : sodium-ion batteries with liquid electrolytes are 
treated the same as lithium-ion batteries (ADR M340, RID 6/2021)

Materials: PAS 7062:2021 electrode and cells code of practice 
health and safety, environmental and quality management 
consideration in cell manufacturing and finished cell.

Battery Level Relevant Standards

High temperature sodium batteries - IEC 62984-3:2020, Labelling 
and marking - IEC 62902, ADR – batteries containing sodium - UN 3292 
Class 4.3, Overview of battery safety testing (LER and ESS) - UL 1973

https://www.dgonline.training/wp-content/uploads/2021/08/Sodium-Ion-Batteries-ADR-M340-UK-Counter-signature.pdf
http://otif.org/fileadmin/new/3-Reference-Text/3C-RID-References/1511/RID_6-2021_e_sodium-ion_batteries.pdf
https://standardsdevelopment.bsigroup.com/projects/2019-03954#/section
https://www.en-standard.eu/bs-en-iec-62984-3-2020-high-temperature-secondary-batteries-sodium-based-batteries-performance-requirements-and-tests/
https://www.en-standard.eu/search/?q=IEC+62902
https://adrdangerousgoods.com/eng/substances/0002604/un3292-batteries-containing-sodium-or-cells-containing-sodium/
https://www.everexceed.com/overview-of-lithium-battery-safety-testing-ul-1973_n433
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Batteries and ADR

Task 6.1 Design for disassembly, separation and recycling (M3-M36)

6.1.1 Storage, Transport Safety Base Line Cell (BLC) recycling Cell 

Batteries are under ADR regime:
Identification of the risk

Fitting with the existing list and classification

By the electrolytes (corrosives class 8)

By the reactive metals like Li (class 9) 

By the solvent or organic electrolytes (class 4?)

What needed if under ADR ?
After Classification and Identification of the risk

Adapted and approved packaging,

Adapted procedures, 

Transport operation requirements,  documents, signals, training, 
company management...
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Updates to standards relevant to the shipment of batteries 
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United Nation Recommendation of the Transport of Dangerous Goods 13th revised Ed. 
2003 → ST/SG/AC.10/1/Rev.21

European Agreement International Carriage of Dangerous Goods by Road (ADR) 
ECE/TRANS/175, 2005 → ECE/TRANS/300, 2020 

European Agreement International Carriage of Dangerous Goods by Inland Waterway 
(ADN) ECE/TRANS/172, 2005 → ECE/TRANS/301, 2021

Regulation concerning International Transport of Dangerous Goods by Rail (RID) OTIF 



# of mentions of ↓ in → ADR vol1 &2 ST/SG/AC.10/1/Rev.21

Battery / batteries 900+ 245

Lithium batteries 90 26

Lithium ion 63 31

Lithium metal 101 29

Sodium batteries 10 4

Sodium ion 0 0

Sodium metal 0 0
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Very few mentions of SIBs in ADR
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ADR Regulation and mixed batteries  from primary collection
(FINAL TEXT : ECE-TRANS-WP15-AC21)

Packaging of used batteries

Task 6.1 Design for disassembly, separation and recycling (M3-M36)

6.1.1 Storage, Transport Safety Base Line Cell (BLC) recycling Cell 

I. Safety and Transport Standards II. Recycling StepsIntroduction Conclusion
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The SIMBA electrolyte

Base-line Cell: 1M NaPF6 in EC:DEC
Excellent ionic conductivity and satisfactory electrochemical stability window.

Safety concerns arise due to the high volatility and flammability of the organic liquid solvents and 
the instability of the NaPF6 especially toward H2O trace impurities.

Undesired dendrite formation, side reactions leading to thermal runaways and explosion events.

SIMBA Cell: Solid-State Electrolytes (SSEs) - Single-Ion conductor Polymer 
Electrolytes (SIPEs).

Good Conductivities and expanded stability window.

Reduction in Dendritic growth?

Does not spill.
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Potential implications of using SIPEs?
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Storage of SIMBA cells – O3 cathode
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Open circuit Voltage 
Monitoring during storage

Different charge / voltage for 
storage conditions
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Storage of SIMBA cells – PW cathode
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Storage of SIMBA cells – PW cathode
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Zero Volts Discharge – gassing issues

BLCs Tear down and opening in the fume hood



RECYCLING STEPS

1) Why is recycling batteries important?

2) State-of-the-art recycling procedures for LIBs

3) SIMBA recycling of SIBs - WP6

4) Challenges

University of Birmingham
Yazid Lakhdar
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20th of July 2022



Recycling of batteries: why is it important?

E-waste has been the fastest growing segment of the solid waste 
stream + rise of EVs.

In 2019 still only 5% of LIBs were recycled in the EU.

Cu, Ni, Co

Graphite, Mn, Fe

Li vs Na
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$£€ LCA

V. Chandran et al. Materials Today: Proceedings 47 (2021) 167-180



Recycling of LIBs: physical processes
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Figures: R. Sommerville et al. / Sustainable Materials and Technologies 25 (2020) e00197

electrostatic separation
density separation

froth flotation

magnetic separation
vibrating screen

stabilization processesprocess flow for LIB recycling 
and disposal



Shredding of batteries: SOC and T° rise
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L. Wuschke et al. /Waste Management 85 (2019) 317–326



T6.1 Design for disassembly, separation and recycling

Storage / 
Transport

Teardown
/ Opening

Electrode 
Removal

24-Oct-22 18

Discharge & 
Stabilisation

Component 
Sorting

Shredding vs Dismantling

Safety

Safety
Separation
Binder negation

Purification
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T6.2 Reclamation and Reuse

Objective: Report detailing cell re-use and material reclamation processes and waste 
stream analysis for materials. Detail reuse possibilities, and other material streams 
for reclaimed materials.
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WP6| deliverables and Milestones
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Year 1 Year 2 Year 3 Year 4

Deliver process for 80% of materials to be reclaimed from the base-line cell 
Recupyl, D6.1, M36

Deliver process for 80% of materials to be reclaimed from the solid-state cell 
Recupyl, D6.2, M36

Develop a safe storage, transport and opening protocol for the solid-state batteries at end of life 
UBham, D6.3, M38

Demonstrate the reclamation of the anode and cathode from a solid-state cell, and the re-use in a battery, 
Ubham, D6.4, M40

Deliverables 

Techno-economics and Life Cycle Analysis including environmental impact of full-size industrial capacity unit

Recupyl, D6.5, M42
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Resources, Conservation & Recycling 165 (2021) 105219

Recycling Steps

Task 6.1 Design for disassembly, separation and recycling.

Discharge the cell under fix resistance 
until V=0.

Step 1: Discharge and stabilization
Step 2: Disassemble and separation

I. Safety and Transport Standards II. Recycling StepsIntroduction Conclusion



24-Oct-22 22

I II III

WP6| Results and outcomes_T6.1
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New recycling technique 1: Ice-stripping

WP6| Results and outcomes_T6.1 

_Material recovery from BLCs

Designed and 3D printed tailored tray for delamination

Notes: 

Coatings become brittle after freezing

Back side delamination is challenging without damaging the 
current collector

#1-2 cathode delamination#1-1 anode delamination
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WP6| Results and outcomes_T6.1 

Task 6.1 Design for disassembly, separation and recycling.

𝐶𝑆𝐸𝐴/𝑐𝑜𝑎𝑡𝑖𝑛𝑔
=
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑒𝑑 𝐴/𝑐𝑜𝑎𝑡𝑖𝑛𝑔

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝐴/𝑐𝑜𝑎𝑡𝑖𝑛𝑔

0

20

40

60

80

100

C
S

E
 (

c
o
a
ti
n
g
) 

%

Delamnination techniques

 CSE (coating) %

B
a
ll-

m
ill

in
g
 

Ic
e
 s

tr
ip

p
in

g

Ic
e
 s

tr
ip

p
in

g
-m

o
d
if
ie

d

Ic
e
 s

tr
ip

p
in

g
-m

o
d
if
ie

d

Coatings (HC) 
Cell #1 (HC)

0

20

40

60

80

100

M
a
s
s
 %

Fraction

 Mass %

P1

P2

P3

P4

Total

After disassembly and shredding

I. Safety and Transport Standards II. Recycling StepsIntroduction Conclusion



WP6| Results and outcomes_T6.2
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Task 6.2 Reclamation, Remanufacturing and Reuse.

Energy Storage Materials 51 (2022) 223–238

Reclaimed HC from #1-1#1-1 HC coating Reclaimed CC from #1-1
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Conclusions
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Storage and Transport 
Regulations

Safety during storage, 
transport, and recycling

Recycling Efficiency Recycling Scalability

Baseline SIB cell SIMBA SSB cellvs



Conclusions
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SIMBA safety and transport standards and recycling steps

SoA stationary storage 
batteries

How do the SIMBA materials and cell development compare with 
the current State-of-the-Art for stationary storage batteries?

Challenges for Na technology
What steps are still needed to make the SIMBA Na-ion technology 
even more promising?

Future pathways - Impact
What do end user and policymakers request from SIB technology for 
stationary storage applications?
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