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New Membership Programme As Of November 2022
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 Non-Circular Net Zero is essentially a linear economy with a massive penalty for burying CO2 
 Business as usual already has implemented many efficiency improvements using catalysis, chemical and heat 

engineering; replacing fossil fuels with waste CO2 and green hydrogen drops into the same downstream
 The Circular Economy reduces virgin material dependence and waste disposal
 Sustainability 4.0 – “The repair and share economy” is a way by which we can limit the damage we do to the 

planet while maintaining a reasonable quality of life. It’s a quietly growing movement. 

NetZero Does not Enable the Circular Economy
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 Gigascale for chemicals in planning just as much batteries in the context of the energy transition 
 The two largest chemical building blocks (ethylene and propylene) extensively used in batteries. 
 C4s and aromatics needed e.g., for Styrene Butadiene Rubber (SBR) binders
 Also, carbons, petroleum pitch, petcoke, graphite, ammonia, chlor-alkali, sulphuric acid, lithium chemicals, 

fluorine chemicals, CMC thickeners, NMP solvent, specialty solvents and additives. 

Top Key Chemical Building Blocks
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Materials for a Sodium Ion Battery
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The largest single contributor to the 
batteries GWP is the hard carbon (30%)

It isn’t all the metals, and it’s not all 
about the carbon footprint

A vast amount of value is added to the 
metals before they become a battery

Nothing is waste until it’s lost all its 
value to anyone who would value it
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The Lifecycle Analysis of Batteries
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Source (Peters, Buchholz, Passerini, & Weil, 2016)

Source (Peters, Baumann, Binder, & Weil, 2021)

ADP Abiotic Depletion Potential
AP Acidification Potential
FDP Fossil depletion potential
FEP Freshwater Eutrophication Potential
GWP Global Warming Potential
HTP Human Toxicity Potential
MEP Marine Eutrophication Potential
ODP Ozone Depletion Potential
TAP Terrestrial Acidification Potential 



Contents

• The Circular Battery Economy
• Battery Chemistry by Metal Content
• Challenges of Meeting Demand from Mn Recycling 
• Take Home Messages

10Copyright © 2023 Enabled Future Limited All Rights Reserved 



Metal Content by Battery Chemistry
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Metal Content by Battery Chemistry

12
Copyright © 2023 Enabled Future Limited All Rights Reserved 



Contents

• The Circular Battery Economy
• Battery Chemistry by Metal Content
• Challenges of Meeting Demand from Mn Recycling 
• Take Home Messages

13
Copyright © 2023 Enabled Future Limited All Rights Reserved 



Key Critical Raw Material Needs Include Manganese
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Source: Benchmark Minerals, January 2023
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Meeting Demand for Mn from Secondary Sources
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Recycled
LIB

Recycled 
non-LIB/Other

Sustainable Mine 
Sources

Secondary Sources of Mn

Advantages: 
High recycling rates

Large Volumes
Known specifications 

for NCM/NCA

Disadvantages:
Only 3-12% Mn in 
majority of spent 

(NCM/NCA) batteries
Recycling concentrated 

in Asian countries

Advantages: 
Many industry players
Reasonable Volumes

Uses same refineries as 
LIB black mass

Suitable for LNMO

Disadvantages:
Potential for wider 
range of impurities
Not as suitable for 
high-Ni NCM/NCA

Advantages: 
No need for a complex 

collection infrastructure
Potential for large 
volumes with one 

specification
Can also take in 

recycling

Disadvantages:
Lead time until fully 

operational
Can it meet European 

demand?
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Achieving Recycled Content in LNMO
 Cathodes need to have recycled content in line with EU Battery Passport regulations. Also, cell makers and EVs 

require recycled content to meet their ESG goals.
 The refiners send metal salts and solutions that have a % of recycled content mixed with virgin content. 
 Some cell OEMs would like a closed loop supply, however this could only work for the largest companies, i.e., so 

refineries would need a separate line just for that OEMs materials. Not enough hydromet capacity as yet.
A key activity ongoing at cathode materials producers is validation of specifications for material provided from 

recyclers/refiners. 
 Specifications are still being developed for LNMO – and they are based on old ones for NCM811, so they are not 

necessarily appropriate.
 Some impurities cause more trouble than others for LNMO. For instance, Co isn’t as bad as Fe. Levels of <100 to 

>300 ppm are being seen. This can cause self-discharge and shelf-life issues in cells.
 The art is to go for the cheapest materials in the largest quantities – evaluate those first, then consider smaller 

and/or more expensive feeds. The ideal is to have a constant supply of material within a range of specifications that 
are being developed during qualification tests. 

 It may be difficult to keep recycled materials in Europe – cars have a habit of going East, then South and the 
material may not be exported back. 

Not all the manganese has to come from other batteries, it could come in from the chemical industry and other 
sources such as sustainable mining projects e.g., Euro-Mn and others.

 Projects are only bankable if they have green electricity sources – so refiners are competing for “green-electrons”. 
Many new wind farms in Scandinavia are attracting battery metal refining capacity. 
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Cathode Material Specifications NCM811 vs. LNMO

The specification for LNMO is a little easier on 
Fe – this is still being tested though. 

Some of the headaches are Zn, Ca, Mg, P and F

Copyright © 2023 Enabled Future Limited All Rights Reserved 



Manganese Recycling Challenges

 Mn is the last priority for a hydromet after Ni, Co and Li.
 It costs as much to recycle Mn as it does Ni and Co combined.
 Mn doesn’t get recycled back to the grade needed for most batteries (NCM, NCA).
 Usually end up getting Mn(OH)x when the carbonates would be preferable.
 Need to rationalize different Mn-rich precipitates and process centrally.
 Pyro units have a Mn-containing slag which is in the form of oxides and silicates, goes into 

construction materials currently. With some upgrading, could be viable for LNMO/LMFP. 
 As long the feeds don’t have too much Fe or fluorine, they can be viable for upgrading –

companies can also choose to do an extra upgrade themselves then send for refining – needs 
discussion between the companies and the refiners.

 Blending of Mn salts from different recycled materials with purer feeds of Mn e.g., from the 
mine tailings can be a useful strategy – but need to demonstrate it.

 Cathode-to-cathode is one useful strategy but difficult for LNMO where there is no EoL scrap.
 There is competition from other industries – e.g. steel alloys and taking the feed into batteries 

could cause a structural deficit there.
 We still need much higher-grade recycled Mn for NCM/NCA. Not clear where it’s coming from

18
Copyright © 2023 Enabled Future Limited All Rights Reserved 



Key Takeaways

 Cathodes with lower Ni/Co-Free chemistries are growing rapidly e.g., LNMO, NMx and LMFP
 LNMO will be the largest user of Mn in batteries by 2040, even more than high nickel 

formulations
 The need to meet demand for recycled materials in line with sustainability/ESG goals will 

require that much more secondary Mn is available
 Recycled Mn is expensive and could be detrimental to battery price competitiveness in the EU 

– large need to bring down the price. 
 Much of the effort needed isn’t necessarily technical – it’s logistical and requires cooperation 

between different stakeholders. 
 There is a need to ensure that Mn doesn’t end up in landfill and that is actually recycled – ESG 

practices ought to benefit the industry here.
 There are opportunities – however we must be proactive in order to realise them.

19
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Thank you  for listening!

Copyright © 2023 Enabled Future Limited All Rights Reserved 

Catch us at Battery Tech Expo, Silverstone on 20th April 2023
Stand M12
https://www.batterytechexpo.co.uk/

Catch us at the Vehicle Electrification Expo/Advanced Material 
Show at the Birmingham NEC, 28th & 29th June, 2023
Visit the Vehicle Electrification Expo 2023 (ve-expo.com)

The Advanced Materials Show I NEC, Birmingham, 28th & 
29th June 2023

https://www.batterytechexpo.co.uk/
https://ve-expo.com/visit/
https://advancedmaterialsshow.com/
https://advancedmaterialsshow.com/
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