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FutuRaM – Main Aim 

Fact-based decision-making for 
secondary raw materials 

management

→ Availability and Recoverability of 
Secondary Raw Materials (2RMs) in the EU 

→ Focus on Critical Raw Materials (CRMs)

Easy access and sharing of 
research insights and data

→ Disseminate information via a systematic 
and transparent Secondary Raw Materials 

Platform
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Motivation and Challenges 

→Emphasize the importance of reliable and complete data

→Model future Secondary Raw Materials stocks and flows

→Support legislation (e.g., CRM Act)

→ Existing models mostly assess availability 

→ No harmonized data (very scattered)

→ From multiple sources and databases  
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FutuRaM: Building on ProSUM

* 2RM = Secondary Raw Materials  

www.urbanmineplatform.eu

ProSUM 2015 – 2017
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Extension to 6 waste streams 

* 2RM = Secondary Raw Materials  
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Extension to recoverability 

* 2RM = Secondary Raw Materials  
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Extension to recoverability 

* 2RM = Secondary Raw Materials  
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Scenarios up to 2050

* 2RM = Secondary Raw Materials  
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UNFC

* 2RM = Secondary Raw Materials  



13* 2RM = Secondary Raw Materials  
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Models in FutuRaM Framework 

PUT ON
MARKET

STOCK RECOVERY

STOCK RECOVERY

SECONDARY RAW MATERIAL

METALLURGICAL
OR OTHER

PRODUCTION
PROCESSES

WASTE
GENERATED

RECOVERY
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Composition data 
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From Availability to Recoverability 

26.98
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Product

Skipping levels will only allow 
assessment of availability 
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From Availability to Recoverability 
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enabled  



18

Harmonization of composition data  
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FutuRaM scenarios until 2050 

Business-as-usual
• Little deviation from present consumption, waste production, and recovery rates

• Material demand remains coupled with economic growth (GDP)

→ Extrapolation of current trends

Recovery
• Use of advanced technologies to increase the recovery of 2RMs from waste

• The EU meets its recycling and recovery targets

→ Change in the waste treatment

Circularity
• Fully realized circular economy

• Going beyond improved recovery, minimizing waste at the production and consumption stage

→ Changes within stock and flow models (e.g. increase repair) + recovery scenario



20* 2RM = Secondary Raw Materials  

• FutuRaM framework 
allows assessment of 
recoverability 

• Different granularity of 
scattered data can be 
addressed in the 
framework

• Harmonized code table

• Scenarios up to 2050

• UNFC - 19 case studies
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Bad funding

Bad data

Bad 
information

Bad or no 
policies

Downward spiral when not having data
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Critical and Strategic Raw Materials in waste streams above 1 kt 
(2022)
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Critical and Strategic Raw Materials in waste streams (kt)
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SRMs and CRMs in ELV in 2030 (unit: kt)
Relevant in mass

1,622 

 Battery Waste  Demolition Waste of Buildings

 Decommisioned Wind Turbines  End of Life Vehicles

 Slags and Ashes  WEEE

Al
[1.380 kt] [           kt ]
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SRMs and CRMs in ELV in 2030 (unit: kt)
Relevant to global extraction

1,622 

 Battery Waste  Demolition Waste of Buildings

 Decommisioned Wind Turbines  End of Life Vehicles

 Slags and Ashes  WEEE

[           kt ]

Dy, Pd, 
Pt

[0,2 kt]
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SRMs and CRMs in Slags and Ashes in 2030 (unit: kt)
Relevant in mass

1,079 

 Battery Waste  Demolition Waste of Buildings

 Decommisioned Wind Turbines  End of Life Vehicles

 Slags and Ashes  WEEE

Si, Al
[1.009 kt] [           kt ]
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SRMs and CRMs in Slags and Ashes in 2030 (unit: kt)
Relevant to global extraction

1,079 

 Battery Waste  Demolition Waste of Buildings

 Decommisioned Wind Turbines  End of Life Vehicles

 Slags and Ashes  WEEE

[            kt]

Sc, Ga, Ge
[0,2 kt]
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SRMs and CRMs in WEEE in 2030 (unit: kt)
Relevant in mass

1,052 

 Battery Waste  Demolition Waste of Buildings

 Decommisioned Wind Turbines  End of Life Vehicles

 Slags and Ashes  WEEE

Al, Cu
[863 kt]

[           kt]
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SRMs and CRMs in WEEE in 2030 (unit: kt)
Relevant to global extraction

1,052 

 Battery Waste  Demolition Waste of Buildings

 Decommisioned Wind Turbines  End of Life Vehicles

 Slags and Ashes  WEEE

[           kt]

Dy, Nd, Pd
[1,3 kt]
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SRMs and CRMs in Battery Waste in 2030 (unit: kt)
Relevant in mass

224 

 Battery Waste  Demolition Waste of Buildings

 Decommisioned Wind Turbines  End of Life Vehicles

 Slags and Ashes  WEEE

[        kt]

Mn, Ni, Co
[96 kt]
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SRMs and CRMs in Battery Waste in 2030 (unit: kt)
Relevant to global extraction

224 

 Battery Waste  Demolition Waste of Buildings

 Decommisioned Wind Turbines  End of Life Vehicles

 Slags and Ashes  WEEE

Li, Co, Sb
[34 kt]

[        kt]
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SRMs and CRMs in Construction and Demolition Waste Buildings in 2030 
Relevant in mass

183 

 Battery Waste  Demolition Waste of Buildings

 Decommisioned Wind Turbines  End of Life Vehicles

 Slags and Ashes  WEEE

Al, Cu
[128 kt]

[       kt]
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SRMs and CRMs in Decommissioned Wind Turbines in 2030 (unit: 
kt) Relevant in mass

148 

 Battery Waste  Demolition Waste of Buildings

 Decommisioned Wind Turbines  End of Life Vehicles

 Slags and Ashes  WEEE

Al, Cu
[130 kt]

[        kt]
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SRMs and CRMs in Decommissioned Wind Turbines in 2030 (unit: kt)
Relevant to global extraction

148 

 Battery Waste  Demolition Waste of Buildings

 Decommisioned Wind Turbines  End of Life Vehicles

 Slags and Ashes  WEEE

Dy, Tb, Nd
[0,6 kt]

[        kt]
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Neodymium
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Total: 11 Mt

2030

How to find the Neodymium in WEEE in the EU27?
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300 kt components 
containing Nd 

Where to find Neodynium in WEEE in the EU27 in 2030?
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How to find Neodynium in WEEE in the EU27 by 2030?
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88 t

475 t

633 t

Potentially recovered

Collection losses

Recovery losses

How to recover Neodynium in WEEE in the EU27 by 
2030?
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88 t

475 t

633 t

Potentially recovered

Collection losses

Recovery losses

How to recover Neodynium in WEEE in the EU27 by 
2030?
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88 t Potentially recovered

How to recover Neodynium in WEEE in the EU27 by 2030?

Collection losses

Recovery losses
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88 t Potentially recovered

How to recover Neodynium in WEEE in the EU27 by 2030?

Direct EU consumption (JRC)

119 t 
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Support of Article 26(7) of CRM-Act

• Interim datasets from FutuRaM, amounts of strategic and 
secondary raw materials, concentrations, waste flows, etc

• Further modelled by Joint Research Center

• List of components, products and waste streams that contain 
relevant amounts of strategic and critical raw materials

• To be used as an Annex to CRM-Act
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Urban Mine Platform • Main assets 
o Easy access to download data
o Data to 2050 in three future 

scenarios
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Urban Mine Platform • Main assets 
o Maps with Mining Waste
o Comparison between waste 

streams
o Country Profiles
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Bad 

funding

Bad data

Bad 
information

Bad or no 
policies

Downward spiral when not having data
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More recovery of secondary raw materials in Europe

Virtuous cycle – that needs to be sustained

Better 
policies

Good 
funding

Good data

Good 
information
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Phases of project development and UNFC classes
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Transparency – Consistency - Comparability

Module definition with specific set of factors for the context of evaluation in the 
realm of discourse (ROD)
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Basic - ROD
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CE - ROD

reuse



National approach
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Recovery of 2RMs from Mining Waste
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Recovery of 2RMs in the recycling sector
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National approach



Application of UNFC

Application of UNFC to mining waste
Ronald Arvidsson

Timber Recovery - Screening phase
Jonas Breidenbach

Phosphorous Recovery - Pre-feasibility phase
Soraya Heuss-Aßbichler

LFP- Batteries recycling - National case study
Iman Dorri

01.

02.

03.

04.
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MinW Composition

Data
Developed a data base structure fit for CRM Act

Futuram Case studies
• Use sampling protocolls
• Use recognized analysis standards/methods
• Density of sampling determines accuracy/uncertainty of grade, uncertainty 

tonnage, 3D from maps, photogrammetry, geophysics, onsite observations

• Examples of high quality cases – composition
• Sweden, Finland, France, Serbia
• National level – Sweden – method development

• Composition data
• Grade, tonnage (volume, density,statistics), mineralogy
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UNFC Concept
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Adak Cu grades within the tailings
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Adak REE
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Kristineberg Sb
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Example – Håkansboda – rich in Cu, Co

67

Håkansboda 
Mining waste: ~7,87 
ha.
~250 000 t

Exploration – dense sampling

Characterization

• Geochemistry – 180 composite 
samples

• Mineralogy

Beneficiation test

Advanced x-ray sorting => double grade 

Photo Ronald Arvidsson

Figure Stefan Sädbom
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Resource Cu , Co, Zn
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Sensitivity analysis

Necessary with an 
uncertainty analysis
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Development of UNFC – Håkansboda preliminary results

Futuram case – operator 
Lovisagruvan

▪ Resources
▪ 250 000 tonnes
▪ Cu 0.7%
▪ Zn 1.2%
▪ Co Areas >500 ppm
▪ Ag 15 ppm
▪ Au .2 ppm

▪ Beneficiation test – 2nd

step, but ongoing

▪ Permitting has not started 
for recovery/EIA

Cu Zn Co



71

Conclusions

Primary mining UNFC fit for mining waste

UNFC by surveys –
sampling procedures
uncertainty analysis
products not consumed or exploration

Howto select for UNFC
understanding of what grade of interest
OPEX and CAPEX study – Futuram project

Industry 
viable projects

Database fit for CRM Act
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demolition

26. March 2025

Jonas Breidenbach1,2,3, Julia Stegemann 1,2,3, Colin Rose 1,2,3

1 University College London (UCL)
2 UK CLT LLP
3  International Centre of Excellence on Sustainable Resource 
Management in a Circular Economy (ICE-SRM/CE)



74

Introduction: Secondary timber in the UK (1/3)

Is there potential for an industrial upcycling project to manufacture mass timber 
products from recovered wood from construction and demolition in England?

4.5 million tonnes 
wood ‘waste’ 
annually in the UK 
– 50% from CDW

2.5% ‘solid’ reuse 90%+
chipping for biomass 
energy or other 
‘downcycling’ 
products

Data: InFutURe Wood (2018) Assessment of what happens to recovered timber in the UK
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Introduction: Waste stream (2/4)
Waste Stream: Recovered wood from Construction and Demolition Waste
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Introduction: Phase of project development 
(3/4)

Screening
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Procedure
1. Compilation of basic information

2. Evaluation of the preconditions

3. Preliminary technical feasibility assessment

4. Stakeholder assessment

5. UNFC-compliant categorisation

5.75
4.68

3.65

2.25 2.05 1.76

0.00

2.00

4.00

6.00

8.00

MFA MST manufacturing, UCL demonstrator project 2024 (in m3)

Suitable 
recovered timber

Volume after raw 
cuts

Volume after raw 
machining

Volume after 
finger jointing

Final MST 
volume

Final volume to be 
used in building
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UNFC categorisation

1. Environmental-socio-economic viability – E3.2
Environmental-socio-economic viability cannot yet be 
determined due to insufficient information.

2. Technical feasibility – F4.1
The technology necessary is under active development, following 
successful pilot studies, but has yet to be demonstrated to be 
technically feasible for this project.

3. Degree of confidence – G3
Product quantity associated with a project that can be estimated 
with a low level of confidence.
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Discussion

• Need to evaluate the pre-treatment technologies regarding the 
environmental-socio-economic viability
• Process efficiency
• Manual labour vs. automation
• Scaling

• Legal uncertainty due to lack of industry standards
• Lack of data on secondary timber quality (species, dimensions, 

contamination, etc.)
• CE-ROD helps to take a more differentiated view of recycling projects
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Summary
• Apply the UNFC for secondary timber on a Screening phase level helped

• …to better understand and characterise the project;
• …the application is depending on material characteristics and technology development levels;
• …and to better understand the UNFC in terms of application for anthropogenic resources.

• The result of the Screening phase showed positive signs for MST product manufacturing 
potential in the UK

• Identification of knowledge gaps

Outlook
• Progress to pre-feasibility project development phase with a special focus on

• economic assessment;
• location and layout planning;
• and technology
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Phosphorus recovery from sewage sludge in Germany
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Phosphorus recovery – pre-feasibility study
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Application of the 7 stage procedure through SARA
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Comparison of two technologies
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Comparison of the controlling factors (CFs)
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SWOT analysis   - AshDec
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AshDec vs. Phos4Life - Basic-ROD
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AshDec vs. Phos4Life - CE-ROD
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Impact of CE-ROD
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Conclusion

• The prefeasibility study reflects the maturity of the projects and ensures 
transparency, consistency and comparability 

• The structure provided by the UNFC makes it easier to compare projects

• Basic-ROD is not sufficient for decision making, as shown with two 
different projects to treat sewage sludge

• CE-ROD enables a cost-benefit analysis of the different technologies

• It provides an overview of the information required to find the best 
solution for each location
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UNFC on National Level

1) Bottom-up approach:

• Classification of all projects in the region
or country in question related to the
target sector (e.g., mining)

• Reporting the UNFC classes of all
projects along with estimated quantities
in a table

• Detailed information is required for
each project.

https://unece.org/sites/default/files/2021-04/03_Tom_Bide_UK_UNFC_Case_study_0.pdf

Example: UNFC by National Geological Surveys, a case
study from the UK by Tom Bide

https://unece.org/sites/default/files/2021-04/03_Tom_Bide_UK_UNFC_Case_study_0.pdf
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UNFC on National Level

2) Top-down approach (developed in FutuRaM)

• Developing an MFA for the whole recycling value
chain for the specific waste stream and the target
material with regard to the status quo

• Assigning the UNFC-compliant classes on the
flows and stocks based on the table.

Class Definition Adapted definition

E1F1.1 G(1,2,3) Viable
projects

Flows related to operating plants that 
produce the target material

E2 F2 G(1,2,3)
E2 F(1.2,1.3) 
G(1,2,3)

Potentially
viable
projects

Flows containing target material expected 
to be generated through plants under 
construction or expected to become 
operational soon   

E3 F2 G(1,2,3) Non-viable
projects

a) Waste flows containing the target 
material that leaves the system 
boundary (i.e., Export) before recycling 
the target material

b) Flows containing the target material 
that cannot be recovered to get the 
target material

E3 F3 G4 Prospective
projects

Flows containing the target material 
expected to be generated through future 
projects

E3 F4 G(1,2,3)
E3 F4 G4

Remaining
products not
developed
from
identified
projects or
prospective
projects

a) A stock containing the target material
for which the quantity and quality of the 
target material is available (E3 F4 
G1,2,3).

b) A stock containing the target material, 
but with not much information about 
the quantity and quality of the target 
material (E3 F4 G4).

“UNFC-complaint classes for MFA”
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MFA for LFP Battery recycling in Germany :

(1) Investigation of battery stocks and flows for 2024 and 2030 (ELV, LMT, portable and industrial 

batteries)

(2) Calculating compositional data based on LFP battery cell composition

(3) Mapping the recycling infrastructure in Germany and their current and future capacities

(4) Investigation of possible recycling technologies for LFP batteries and recovery rates for certain 

materials

(5) Classification of MFA for recycling value chain of LFP batteries in Germany 

Mapping current and future national LFP Battery material flows and 
assessment of the recycling potential of secondary SRMs and CRMs 
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LFP Battery Recycling MFA for Germany

German LFP 
Batteries

13,874 t/a

80,557 t 
+11,274.6 t/a

Material Stocks

Batteries in 
Waste Bin

1
4.4 t/a

Collection
2,188 t/a Pyrometallurgical

Recycling

737 t/a

Aluminum and 
copper

recovered

2

196 t/a

3

Lithium, phosphorous, 
manganese and iron 

lost in slag

LFP batteries
put on German 

market

LFP battery MFA from industrial, portable and electric vehicle batteries as well
as batteries from light means of transport in Germany in 2024

X t 
+ 1,254 t/a

Batteries
Unknown

407  t/a

4

Spent LFPs

2024
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German LFP 
Batteries (Li)

451 t/a

1,216 t
+ 408.93 t/a

Material Stocks

1
0.07 t/a

Collection
35 t/a Pyrometallurgical

Recycling

2

7 t/a

4

Li Slag containing Li

Waste Bin 
(Li) Unknown

(Li)

15 t/a 15 t/a

X‘ t
+20 t/a

Li Stock*

*based on LFP battery recycling capacity in 2024 

2024

LFP Battery Recycling MFA for Lithium
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Application of UNFC to MFA for Lithium

German LFP 
Batteries (Li)

451 t/a

Material Stocks

1
0.07 t/a

Collection
35 t/a Pyrometallurgical

Recycling

2

7 t/a

4

Li Li

Waste Bin 
(Li) Unknown

(Li)

15 t/a 15 t/a

Li Stock*

2024 Viable Non-viablePotentially
viable

Remaining
products

Prospective

*based on LFP battery recycling capacity in 2024 

1,216 t
+ 408.93 t/a

X‘ t
+20 t/a
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LFP Battery Recycling MFA for Lithium

German LFP 
Batteries (Cu)

4,011 t/a

16,279 t
+ 3,546.9 t/a

Material Stocks

1
0,1 t/a

Collection
421 t/a

Pyrometallurgical
and 

Hydrometallurgical
Recycling

Mechanical and 
Hydrometallurgical

Recycling

Mechanical
Recycling

42 t/a

295 t/a

84 t/a

43  t/a

Li

Waste Bin 
(Li)

Unknown
(Li) 2 a: Product flow

b: Waste flow

70 t/a 6

19 t/a
5

251 t/a

23 t/a

14 t/a

44 t/a

a7

b

a

b6

a

b5

7

2030

Li Recovered

Li Recovered

Li  Export

Li Losses

Li Losses

Li Losses
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70 t/a 6
Li Recovered

19 t/a
5

Li Recovered

251 t/a
Li  Export

23 t/a

14 t/a
Li Losses

44 t/a
Li Losses

a7

b

a

b6

a

b5

Application of UNFC to MFA for Lithium

Viable Non-viablePotentially
viable

Remaining
products

Prospective

German LFP 
Batteries (Cu)

4,011 t/a

Material Stocks

1
0,1 t/a

Collection
421 t/a

Pyrometallurgical
and 

Hydrometallurgical
Recycling

Mechanical and 
Hydrometallurgical

Recycling

Mechanical
Recycling

42 t/a

295 t/a

84 t/a

43  t/a

Li

Waste Bin 
(Li)

Unknown
(Li) 2

Li Losses

7

2030
a: Product flow
b: Waste flow

16,279 t
+ 3,546.9 t/a
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Summary

Recovery of Li from LFP Batteries in Germany

Li t/a 2024 2030

Li INPUT LFP to the market 451 4,011

Li Collected spent LFP 35 421

1 LFP (Li content) in Waste bin (before collection) 0,07 0,1

2 LFP (Li content) unknown (before collection) 7 43

3 Slag (Li, P, Mn, Fe) 15

4 Remaining stock (Li content in collection) 20

5 Recovery (Li)  – Pyro-/Hydrometal. 19 

6 Recovery (Al, Cu, Li) – Mechn/Hydrometal. 70 

7 Black mass – Mechan. (Li content exported) 251 

8 Losses of Li during the recycling 81
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