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Current recycling processes are not 
suitable for many TCMs 

Technology Critical Metals Are Finely 
Distributed Through Technology 
Products In A Variety of Ways.

Current physical separation 
techniques used in recycling often end 
up mixing materials together in ways 
that makes them difficult to separate.
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Assessing the relative energy and 
chemical intensities of thermal, 
chemical and mechanical recycling 
processes.
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Current recycling techniques 
downcycle materials; 
environmentally
preferable recycling techniques 
will preserve and even upcycle the
value of the materials.
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A schematic diagram 
showing the 
structure of a battery 
pack, module and cell 
and the challenges 
presented at each 
stage for battery 
disassembly 
(Expanded
from Harper et.al., 
2019).
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(a) Pouch cell tabs ultrasonically welded to copper 
busbar, (b) module interconnections utilising 
threaded bolts through solid busbars (c) 
dismantling
of pack sub-assemblies using standard shop 
tooling – all Nissan Leaf 1st generation
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Examples of where structural 
adhesives are used within a 
battery pack using cylindrical 
cells.
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Schematic diagram showing 
some of the uses of structural 
adhesives in a typical battery 
pack
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Future approaches to 
Lithium Ion Battery 
Recycling which 
recover the 
maximum amount of 
material at end of life 
will require 
“disassembly” rather 
than comminution in 
order to recover the 
maximum material. A 
design for recycling 
approach will aid this.
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Contrasting a traditional structure of a PV 
module with polymer encapsulation, to the 
“NICE” technology module which is 
designed for easy disassembly at the end 
of life.
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A matrix of fixing methods 
ranked for ‘Ease of Disassembly’ 
on the x-axis and ‘Ease of 
Reassembly’ on the y-axis.
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Potential design for recycle tools 
along with example applications 
and their respective advantages 
and disadvantages
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Schematic 
representation of the 
debonding process 
using different stimuli.
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Summary of debonding 
stimuli, functional 
groups and applicability
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The proposed zigzag conformation for 
pouch cells. a) image of the dummy cell 
used in these experiments and b) the 
schematic diagram for the 
conformation
showing placement of the adhesives.

Prototyping batteries in “design 
for Recycling” configurations.

Images showing the stages of robotic 
module opening when the zigzag
cell conformation is used. This process 
takes place over the course of 15 s.
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Please get in touch:
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