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Key messages

21

 recycling needs automation to be cost and time effective

 cell disassembly coupled with tailored short-loop/direct 

recycling and upcycling processes could make recovery of 

lower materials viable

 design for recycle is vital to minimize structural adhesives, 

binders, connectors and retooling

 LCA and TEA can provide key information on problems with 

pack/module/cell design

 novel binders and adhesives are essential in all aspects of pack 

manufacture and disassembly

 process engineering is required to achieve reproducible 

separation and purification



ReLIB technology pipeline

Pyrometallurgy
Current & developing 

hydrometallurgical 
techniques

Recycling aided by 
cell disassembly on 

current cells

Redesign of cells and 
design for recycling 

aiding improved 
recycling processes

RECYCLING 1.0 RECYCLING 2.0 RECYCLING 3.0 RECYCLING 4.0

1 2 3 4

established 
technology

generic materials 
separation & 

purification processes

bespoke materials 
separation & 

purification processes

necessary to adopt 
‘design for recycle’ 

principles now

recovery <50%
recovery 
60–80%?

>90% recovery 99%+ recovery
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DESIGN FOR RECYCLING DEVELOPS
RECYCLING TECHNOLOGY 

UNCHANGED

Cell and pack design improves in the 
direction of design for recycling, but 

existing ‘dumb’ recycling processes are 
unable to take advantage of these 
developments. Recycling requires 

much manual intervention and some 
parts of the process remain labour 

intensive. Materials efficiencies and 
the full potential of a circular economy 

in LIBs is not realised.

Improvements in Recycling Processes
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Improved processes processing cells 
designed for repair / reuse / 

remanufacture / recycle unlocks the 
synergies of a Circular Economy in LIBs.
Industry scales well to suit new market 

conditions as pack volumes increase 
massively. Manual labour in repair / 
remanufacture / recycling reduced 

significantly through automated pack 
diagnostics and disassembly. Processes 

suited to new evolving chemistries.

CELL / PACK DESIGN UNCHANGED
RECYCLING PROCESSES DEVELOP

Recycling processes improve 
incrementally, but pack / cell design 
remains relatively unchanged. Some 
degree of automation can be applied 

to existing pack / cell designs, but 
unoptimized designs require more time 

for disassembly / processing and 
materials utilisation / recovery rates 
are lower than what they would be 
with an optimised DfR pack design.

CURRENT SCENARIO

Incumbent processes dealing with 
existing pack & cell designs. Challenges 

with recovery rates of existing 
processes which aren’t optimised as 

cell chemistry changes making 
economics challenging. Recycling 
requires labour-intensive input at 
disassembly stage which affects 

economics of repair / remanufacture / 
recycling. Industry scales poorly as 

volumes increase.

Unlocking the potential of a circular 
economy of battery technology 
critical metals requires the 
development of recycling processes 
and design for recycling in tandem.





Optimising the Geospatial Configuration of a Future Lithium Ion Battery 

Recycling Industry in the Transition to Electric Vehicles and a Circular 

Economy. 

GABREAL: An Economic, Environmental and Geospatial Analysis of Recycling 

Electric-vehicle Lithium-ion Batteries



Synergy between the 
automated disassembly of 
Lithium Ion Batteries and 
Electric Vehicle Motors



A Circular Economy of Electric Vehicles




