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CIRCUBATT Sustainability 
Assessment

James Duong ( UoG) & Michael Hess ( Battronics )
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LCA Goal and Scope

Inputs from biosphere & technosphere : materials & energy
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Anode supply:

Production scrap of 
Pouch NMC & LFP, and 
Graphite + SOxi anodes

Battery Material (BM) supply:

Dry-mixed NMC cathode 
& anode

Wet-shredded NMC & 
LFP

End of life NMC, LFP & 
NA-ion, and Graphite + 
SiOx anodes

End of life NMC, LFP & 
NA-ion (cathode & 
others)

1.2. Electrohydraulic 
fragmentation

1.3. Ultrasonication

WP1. Pre-processing WP2. Direct recycling

1.5. Graphite -SiOx 
separation

1.4. Magnetic, 
electrostatic and physical 
separation

2.1. Reduction and 
relithiation/resodiation

2.2. Surfaces, milling and 
sizing

2.3. Mixing, blending, 
Rheology and Coating

2.4. Electrochemistry with 
recycled binders

2.5. Characterization  of 
Li/Na inventory

WP3. Hydrometallurgy WP4. H2O remediation & 
lithium extraction

4.1. Collection and 
characterization of the 
wastewater

4.2. Membrane 
development and 
optimization

4.3. Direct Lithium 
Extraction process

4.4. Fluoride and 
Phosphate Recovery

WP2

WP3

WP2

WP3

WP2

WP2

WP3

3.1. Lithium Extraction by 
MHP (Mix)

WP5

WP4

3.2.Hydrometallurgical 
Recycling (Cathode)

WP5

WP4

3.3.Hydrometallurgical 
recycling of Na -Ion 
(Cathode)

WP5

WP4

3.4.Graphite extraction 
(Anode)

WP5

WP4

5.1. Close -loop validation 
of recycled materials

WP5. Final materials evaluation 
(battery components consolidation 
and testing).

WP5

WP5

WP5

WP5

WP5
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STREAMS: Sustainability assessment approaches for 
innovative battery recycling
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Stage 1: (re)design phase 
Principles to be considered to maximise the possibilities of a 
successful safety and sustainability assessment outcome 

Stage 2: Safety and sustainability assessment 
Step 1 - Hazard assessment of the chemical/material 
Step 2 - Human health and safety aspects in the chemical/material 
production and processing phase 
Step 3 - Human health and environmental aspects in the final 
application phase 
Step 4 - Environmental sustainability assessment
Step 5- Socio-economic assessment 

Eco-design approach based on the SSbD

# Phase Design Principles

1 (re)design phase 

Material efficiency
Minimise the use of hazardous chemicals/materials
Design for energy efficiency
Use renewable sources
Prevent and avoid hazardous emissions
Reduce exposure to hazardous substances
Design for end-of-life
Consider the whole life cycle
Design for circularity
Design for supply chain resilience
Design for electrochemical safety
Design for thermal safety
Design for mechanical integrity 

Tailored to innovative battery development
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HighMag : Sustainability assessment approaches for 
innovative battery recycling

5

Stage 1: (re)design phase 
Principles to be considered to maximise the possibilities of a 
successful safety and sustainability assessment outcome 

Stage 2: Safety and sustainability assessment 
Step 1 - Hazard assessment of the chemical/material 
Step 2 - Human health and safety aspects in the chemical/material 
production and processing phase 
Step 3 - Human health and environmental aspects in the final 
application phase 
Step 4 - Environmental sustainability assessment
Step 5- Socio-economic assessment 

# Phase Design Principles

1 (re)design phase 

Material efficiency
Minimise the use of hazardous chemicals/materials
Design for energy efficiency
Use renewable sources
Prevent and avoid hazardous emissions
Reduce exposure to hazardous substances
Design for end-of-life
Consider the whole life cycle
Design for circularity
Design for supply chain resilience
Design for electrochemical safety
Design for thermal safety
Design for mechanical integrity 

Tailored to innovative battery development







HighMag : Assessing Economic Sustainability of Battery 
Recycling (The HighMag  TEA Framework)
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Battery Business Model Methodology Assessment Framework:
Multi -Criteria Decision Analysis Approach

Six Implementation Steps

Code Mean
Normalised 

scores
Assigned weights

E1 4.171 0.793 0.087
E2 3.537 0.634 0.070
E3 3.902 0.726 0.080
E4 3.098 0.524 0.058
E5 4.439 0.860 0.095
E6 3.122 0.530 0.058
E7 3.878 0.720 0.079
E8 3.341 0.585 0.064
E9 4.317 0.829 0.091
E10 4.073 0.768 0.085
E11 4.415 0.854 0.094
E12 3.195 0.549 0.060
E13 3.878 0.720 0.079
C1 3.805 0.701 0.077
C2 4.000 0.750 0.082
C3 3.683 0.671 0.074
C4 3.756 0.689 0.076
C5 3.659 0.665 0.073
C6 4.098 0.774 0.085
C7 3.854 0.713 0.078
C8 3.878 0.720 0.079
C9 4.220 0.805 0.089
C10 4.439 0.860 0.095
S1 4.024 0.756 0.083
S2 3.268 0.567 0.062
S3 3.707 0.677 0.074
S4 3.634 0.659 0.072
S5 3.927 0.732 0.080
S6 3.976 0.744 0.082
S7 4.098 0.774 0.085
S8 4.317 0.829 0.091
S9 4.000 0.750 0.082
S10 4.415 0.854 0.094
S11 3.585 0.646 0.071
S12 4.049 0.762 0.084
S13 4.244 0.811 0.089
S14 4.610 0.902 0.099










































































