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EU CRM List 2020

2020 Critical Raw Materials

Antimony Germanium Platinum Group Metals
Baryte Hafnium Phosphate rock
Bauxite Heavy Rare Earth Elements Phosphorus

Beryllium Light Rare Earth Elements Scandium

Bismuth Indium Silicon metal

Borate Lithium Strontium

Cobalt Magnesium Tantalum

Coking Coal Natural Graphite Titanium

Fluorspar Natural Rubber Tungsten

Gallium Niobium Vanadium
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Structural dependencies in the EU supply of CRMs
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Source: "European Commission, Study on the EU’s list of Critical Raw Materials — Final Report (2020)"
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Materials assessed

Industrial and construction iatomite, Feldspar, Fluorspar, Gypsum, Kaolin clay, Limestone, Magnesite,

minerals Phosphorus, Potash, Silica sand, Sulphur, Talc

Iron and ferro-alloy metals = Chromium, Cobalt, Iron, Manganese, Molybdenum, Nickel, Niobium, Tantalum, Titanium, Tungsten, Vanadium

Precious metals ladium, Platinum, Rhodium, Ruthenium)

, Gadolinium, Holmium, Lanthanum, Lutetium, Neodymium, Praseodymium,
Rare earths

, Yttrium + Scandium

th, Cadmium, Copper, Gallium, Germanium, Hafnium, Indium, Lead,

her non-ferr metal . . - . .
Other non-terrous metals n metal, Strontium, Tellurium, Tin, Zinc, Zirconium

Natural cork, Natural Rubber, Natural Teak wood, Sapele wood, Coking coal, Hydrogen and Helium; Roundwood,

Neon, Krypton, Xenon
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EU CRM methodology

Economic importance Supply risk

SUPPLY RISK

eImportance of a raw material per Global supply and EU sourcing
economic sector (ores/refined materials)

& importance Market concentration (HHI)
of the sector in the EU economy Governance performance (WGlI)

(value added) Import reliance .
eSubstitution (technical and Trade agreements and restrictions

cost performance) End-of-Life Recycling
Input Rate

Substitution (production, criticality, co/by-
production)

T

ECONOMIC IMPORTANCE
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https://op.europa.eu/en/publication-detail/-/publication/2d43b7e2-66ac-11e7-b2f2-01aa75ed71al



https://op.europa.eu/en/publication-detail/-/publication/2d43b7e2-66ac-11e7-b2f2-01aa75ed71a1

2020 Foresight study for strategic techs and sectors

Materials

Supply Risk
(sorted largest 1o smallest)
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EU dependence ranges across the value chain

Malaysia 11%

Australia 9% I Eu1%
USA 13% [ ROW 7% ' //"“d‘a"%
t‘ ’l » /

China 60%

China 87% China 91%

Rare Earth Oxide Rare Earth Oxide Rare Earth
Mining Processing Metals

China 94%

Permanent
Magnets

Chinese dominance along the Rare-Earths supply chain

Source: ERMA, 2021 - Rare Earth Magnets and Motors: A European Call for Action
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China 23%

|

EU 58%

Example:
Wind Turbines

'\ ROW 19%
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Global demand set to exceed global supply

Figure 6. Growth in materials use depends on population and economic growth

9 Biomass @ Fossil fuels e Metals
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Source: OECD, Global Material Resources Outlook to 2060, 2019.
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Source: Energy Information Administration, International
Energy Outlook 2019.
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Others are taking actions

Expanding its monopoly:

- controls 70% of Congo's

cobalt;

- acquires stakes in AUS or
USA companies

Increasing its consumption:
- consumes 50-60% of
world’s metals
- plans additional 750 GW of
wind and solar PV installed
capacity by 2025

Developing refining
capacity:
- controls 73% of global
lithium cell
manufacturing

Restraining supply:
- All rare earths covered by
2022 export control list;
- 65 000 tonnes of rare
earths exported in 2005
35 500 tonnes in 2020;

JOGMEC:
- monitoring
- stockpiling
- investing (Lynas rare
earths refinery)
- supply contracts

National Defence
Stockpile

Section 232 investigations
- neodymium magnets,
- vanadium, titanium

Inflation Reduction
Act

Economic Security
Promotion Act
- Ensuring Stable
Supply of critical items

Defence
Production Act
- 120 million USD to
build rare earths
refinery by Lynas

Critical minerals-
related funding
- (Infrastructure
Investment and Jobs
Act)

European
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European Raw Materials Alliance

Develop sustainable financing criteria for mining

Research and innovation on waste processing, advanced materials and substitution
Map the potential supply of secondary CRM from EU stocks and wastes

Identify priority mining and processing projects for critical raw materials in the EU

Develop expertise and skills

N R W

Deploy Earth observation programmes for exploration, operation and post-closure
environmental management

8. Develop research and innovation projects on exploitation and processing of CRMs
9. Develop strategic international partnerships to secure CRMs supply

10. Promote responsible mining practices for CRMs

European
Commission




Horizon Europe Call — RESILIENT VALUE CHAINS 2023

Raw Materials for EU open strategic autonomy and successful transition to a climate-neutral and
circular economy ~ 120MEUR for 2023

® Innovative technologies for sustainable and decarbonised extraction (RIA) (Lump sum)
e Technologies for processing and refining of critical raw materials (IA)

e Recycling technologies for critical raw materials from EoL products (IA)

e Earth Observation platform, products and services for raw materials (IA) (Lump sum)
e Expert network on Critical raw materials (CSA) (Lump sum)

e Recyclability and resource efficiency of Rare Earth based magnets (lA)

» Call HORIZON-CL4-2023-RESILIENCE-01 Deadline: 20 Apr 2023

» Call HORIZON-CL4-2023-RESILIENCE-01-TWO-STAGE Deadline: 7 Mar 2023 (1st stage), 5 Oct 2023 (2nd stage)

European
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Critical Raw Materials Act




Key objective: secure EU supply of CRM

Strengthening monitoring and
Signalling priority needs, incl. risk mitigation, incl. strategic
targEtEd RM stocks

Governance

Strengthening
EU value chain, incl. strategic Sustainability, incl. circularity
projects

Pursuing supply
diversification, research and
innovation, skills

European
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Time for action — the political mandate

Heads of State/Government Versailles Declaration in March

Reducing our strategic dependencies - secure EU supply of Critical raw materials by
means of

»strategic partnerships,
»exploring strategic stockpiling and

»promoting a circular economy and resource efficiency;

REPowerEU Plan and Conference on the Future of Europe in May/June

» Intensify the work on the supply of critical raw materials and prepare a
legislative proposal.

14 European

Commission




Time for Action —
CRM Act

The Commission will table a proposal on Critical Raw
Materials Act

We will identify strategic projects all along the supply
chain, from extraction to refining, from processing to
recycling.

We will build up strategic reserves where supply is at
risk.

Commission President’s State of
the Union Speech on 14/9/2022
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Results of the public consultation

Call for evidence and open public consultation were open for 8 weeks (30/09 to 25/11)
Over 570 answers in total (310 on the call for evidence, 263 on the public consultation)
Main messages from stakeholders:

e Overall support for the initiative and agreement that the EU can do more at every stage of
the value chain to boost its capacity, both for primary and secondary CRMs

e General shared understanding on the impediments to the EU CRM value chain development,
such as length of permitting affecting projects' ability to find financing sources.

* A tailored response is key: problems and solutions are dependent on the material, on the
value chain stage or on the Member State/local authorities. However, the overall policy
responses find support, regarding monitoring, permitting, strategic stocks, sustainability of
raw materials, recycling, etc.

European
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CRM Act package

» Communication on Critical Raw Materials
» Proposal for an Act on Critical Raw Materials and Impact Assessment

» Supporting documents

»  Outcome of Technical assessment by DG GROW with external experts, and AhWG on Criticality, and validated at the
Expert Workshops by SCRREEN2

»  Factsheets by DG GROW with SCRREEN2, and EC AhWG on Criticality. Inputs from the Expert Workshops by SCRREEN?2.

»  Foresight study by DG GROW with DG JRC and SCRREEN2.

Later this year: Materials System Analysis on selected RM
by DG GROW and external contractor.

European
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Technologies in 2020

Drones

Robotics

Wind

Traction motors
Batteries

Fuel cells

Solar PV

3D printing

ICT

Critical /Ra\i\"//Materials for
Strateg/ig,/Té/chnologies and Sectors
' in the EU

A Foresight Study

Foresight on CRMs in technologies and sectors

Additional Technologies

Electrolysers

Smartphones/tablets/laptops

Data storage & servers

Heat pumps

Data transmission networks

Rocket launchers & satellites

H,-Direct Reduction of Iron

European
Commission



Raw Materials Week =5} Save the date!
13-17 November 2023 { ik

10" Annual High Level Conference of the EIP on Raw Materials
6t EU Critical raw materials event
EU raw materials Partnership events
Future trends Innovation and skills for raw materials
UN Resources Management in Europe

European
Commission

https://www.eurawmaterialsweek.eu



https://www.eurawmaterialsweek.eu/

Nyrstar
Resources for a changing world

IRTC Lille - February 17t 2023
Criticality raw materials and energy transition

Xavier Constant
General Manager Nyrstar Auby, France
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Agenda nyrstar

* About Nyrstar

. The markets Nyrstar serves and the value chains we
feed

. EU's critical minerals and metals autonomy

. What is needed to support Europe’s strategic

autonomy

. What Nyrstar can do to help secure output and how

to get there

_ | ) e
@ RawlViaterials - curcpean nion. o~ FY] ‘V_QJ)P Z Fraunhofer @ REIA

Connecting matters
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About Nyrstar — global footprint

Nyrstar is an international producer of
critical minerals and metals essential for
a low carbon future. (1)

With a market leading position in zinc 0
and lead, Nyrstar has mining, smelting : % ©
and other operations located in Europe, 0
the U.S. and Australia and employs

approximately 4,000 people. Its

Corporate Office is based in Budel-

Dorplein, the Netherlands.

The company’s operations are located 7
close to key customers and major
transport hubs to facilitate reliable and
efficient delivery of raw materials and
distribution of finished products.

%% MINING = SMELTING TIL HEADQUARTERS

L BUDEL Smelter & Corporate Office, The Netherlands © 5% EAST TENNESSEE Mine Comlex, USA

BALEN / PELT Smelter & Oxide Washing Plant, Belgium © %%~ MID TENNESSEE Mine Complex, USA

AUBY Smelter, France @ = HOBART Smelter, Australia

CLARKSVILLE Smelter, USA © = PORT PIRIE Multi-metals Processing Facility, Australia

-

-

0000
fi 1 @
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About Nyrstar — European footprint

Eindhoven

B.Udd @ Dusseldorf

> 9\» S g

~

- The Netherlands
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About Nyrstar — committed to the green transition nyrstar

« The zinc smelters Nyrstar operates in Europe are
important links in the EU supply chain and are among g
the largest, most progressive, flexible and energy-
efficient operations.

» Production process fully electrified.

« All Nyrstar European smelters are sourced with low-
carbon energy and use up to 100% renewable
energy.

« Generation of renewable energy on many of our EU
sites.

* Ready for investing in the next step: Nyrstar’s virtual
battery... we'll come back to this later.
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The markets we serve and the value chains we feed nyrstar

Nyrstar boasts a rich history of metal processing. Our international presence and knowledge of the market combined
with solid smelting and process technology experience enables us to mine, source, manufacture and sell the high quality
products for which our customers worldwide know us. These include:

Zinc & zinc alloys

« Continuous galvanising zinc alloys
« Batch galvanising zinc alloys

» Zinc diecasting alloys

» Super Special High Grade (SHG) zinc i B coicuing
.fd Commodit de Zir

What
we
produce

Lead & lead alloys
« BHAS lead
* Lead alloys

Other metals

Sulphuric Acid

L34

Other products
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EU's critical minerals and metals autonomy -> it starts with zinc (oxides).....

Nyrstar's zinc and lead smelters treat complex concentrates sourced from around the world and produce
critical and strategic materials essential for the energy transition and critical to the electrification of industry.

Zinc is critical to the operation of low-carbon and
strategic technologies. Extending the life of steel
saves significantly on life-cycle CO, emissions,
and it is an essential raw material in wind
turbines, solar panels and electric vehicles.

Lead lead batteries for mobility and storage
applications, submarine cables for wind turbines,
coatings for solar panels, also needed in
precious metals recycling.
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EU's critical minerals and metals autonomy -> it starts with zinc (oxides)..... yrsid

A number of other metals are recovered and refined in parallel with Nyrstar’s zinc and lead production:

Indium is a critical raw material used in electronics (displays)
and thin-film solar cells. >90% of the world’s indium production
Is directly generated from the production of zinc.

Copper is essential for the electrification of Europe and used
for all clean energy technologies.

Silver is essential in electronics and other technological
applications such as photovoltaics and electric vehicles.

Cobalt is a critical raw material for battery cathodes, essential for revolution electric cars.

Manganese is used in steel production and is also an essential material for the cathode of lithium-ion
batteries.

Sulphuric acid is used widely in nuclear power plants, the chemical industry, for the production of fertiliser
and is an essential ingredient in the production of fibres, paints, rubber, plastics, steel and
pharmaceuticals. 8|




What is needed to support Europe’s strategic autonomy

European zinc and lead production is fully integrated with a very
complex supply chain of a large number of non-ferrous metals. As
soon as elements of this supply chain are no longer able to
operate due to the current challenging economic conditions
caused by the energy crisis, it will come to a halt.

Without Nyrstar’s products (or products generated by the supply
chain Nyrstar is closely interlinked with), Europe runs an imminent
risk of running out of materials essential for the production of:

- galvanised steel,

- chips and semiconductors,

- high-performance solar energy panels for satellites

- electric vehicles

- a wide range of battery applications (e.g. for automotive,
EV and energy storage)

- critical products for the security of our region (such as infrared
Imaging systems, night vision goggles, radar, and telecom
networks).

nyrstar

% metal required in 2050 for clean energy technologies vs.
2020 overall use (Global SDS ambitious climate scenario).™* *

Lithium Silicon
Dysprosium Terbium
Cobalt Copper
Tellurium Aluminium
Scandium Tin

Nickel 168%

Germanium 24%

Praseodymium Molybdenum 22%

Gallium Lead 22%
Neodymium 66% Indium 17%
Platinum Zinc 14%
Iridium m Silver 10%

From: ‘Metals for Clean Energy’ study, issued by KU
Leuven in April 2022

Metals will play a central role in successfully building Europe’s clean technology value chains and

meeting the EU’s 2050 climate-neutrality goal.
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What is needed to support Europe’s strategic autonomy y
e Nyrstar supports the energy transition in every possible way:

- fully electrified and flexible, running on green energy, zinc with lowest carbon footprint

- strategic and critical minerals and metals essential for Europe's green transition

- up to 30% of the feed is recycled zinc
e Sitill: energy costs of our European smelters have

multiplied and there are significant differences European zinc market balance (source: caU and 1Lz56)

i i C ti kT Producti kT Available fi rt (kT
between European countries in the support they | _ Copsumption D) Production 0 Awlablefyeqort ()
provide to energy-intensive companies. @ 592 616 2

Q3 603 617 13

. ] a4 579 615 36

e Since Q4 2021, Europe has been a net importer 202 az 576 634 58

. . . a2 511 608 o8B

of zinc due to a lack of level playing field. Q3 540 509 64

a4 548 B1E 1]

. 2021 a1 600 &30 30

e Europe's energy dependence leads to materials e = = =

dependence. Q4 592 535]\ (7}

2022 a1 583 556 [27)

) ) ) .. az 580 569 (11)

e Medium- and long-term industrial policies are a3 560 550 \ (11}
necessary. Industry relies on competitive energy

High energy prices in Europe are leading to closures and

prices to be able to resume / maintain full production cuts at European zinc producers.

production of critical and strategic minerals and
metals.
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What Nyrstar can do to help secure output and how to get there yrsta

Nyrstar is ready to take next steps to help the green transition even further by making maximum use of
volatile renewable energy potential. How? By further:

- expanding on-site solar and wind power and battery-energy storage systems;

- increasing its flexible production process by investing in a virtual battery (135MW flexibility —
7000MWh storage) as you can see in this animation.
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| nVrstar
Conclusions y

To fulfil our shared ambitions:

e A (medium-)long-term industrial perspective is necessary to keep industry in Europe and to have it
contribute - in the most efficient way and with the least environmental impact - to the transition to a more
sustainable society.

e A strong and sustainable European industrial policy is needed to help restore the level playing field
between the global regions, as well as maximum implementation in the EU Member States so that a level
playing field within Europe is established.

In our view this is essential to attract investments in the clean energy supply chain and to enable strategic
companies to meet the current challenges and continue to develop.

Thank you for your attention.




Life Cycle Impact Assessment of Lithium mineral concentrates for
the production of FEB applications

.C.S. Ribeiro Y2, A. Fitiza *2, M.L. Dinis 2, M.C. Vila 2 and A.C.

! CERENA - Center for Natural Resources and Environment
A tsisi S . . Universidade do Porto
2 FEUP - Faculty of Engineering, University of Porto, Portugal FEUP Riiede

Engenharia

3 ISEP — School of Engineering, Polytechnic of Porto, Portugal

INTRODUCTI N
production of Lithium mineral concentrates from the
of the proponent, to be used on Ferroelectr Eleutlolwe Batteries (FEB) for electri
n the ore (quartz, feldspar, and heavy metallic minerals), thus driving to a pro hat does not generate solid wastes (tailings). Thi it becomes
ible to attain the two main objectives of sustainable management of mineral resources: full utilization and
Ily focused on the LCIA of the production of Lithium hy de monohydrate (LiOH.H. vith battery grade ( b a ‘cradle to gate’ approach. The structure of the
the following production stages: a) Mining ich leads action of the ore; b) Ore Processing, which leads to the production of mineral
ncentrates; ¢) Metallurgy, which leads to the production of marketable LiOH.H,! 86 ribution or outflow of the final product.
1 relevant environmental, human health and socio-economic impacts of each production stage were considered and a contribution analysis was carried out allowi ntifying the critical product
e phases that can be further improved.

Gongalo Mine (Mota Minerals concession), Guarda, Portugal
GOAL AND SCOPE The European country with higher proven Lithium reserves.

OVERALL GOAL AND SCOPE: To evaluate the environmental load associated to the production of Lithium Hydroxide Monohydrate with battery grade,
identifying the critical production stages that can be further improved. Specific goal of present study: Limited to ‘Ore Processing’ stage, identifying the critical
production phases.

FUNCTIONAL UNIT: Elementary Lithium (ton/year). Functional unit of present study: Lithium Pre-concentrates (ton/year) with 2,92% concentration of Lithium
Oxide (Li,0).

METHODOLOGY: ‘Cradle to Gate’ and ‘Gate to Gate’ approaches; ReCiPe 2016 v1.1 midpoint method, Hierachist perspective.

DATA SOURCES: Primary data from proponent and Secondary data from Ecoinvent and Industry Data 2.0 databases (Allocation at point of substitution model).
SOFTWARE: SimaPro, PRé Sustainability (9.40 version).

ASSUMPTIONS: Gongalo Mine has reserves and capacity to provide 34 h of lepidolite ore (0,8% Li,O) during a lifetime of 15 years; Prospection works and
using phase of Lithium compounds are not contemplated

SYSTEM DESCRIPTION AND BOUNDARIES

” ~
PrRODUCTION & CLOSURE

INFUTS MASS BALANCE AND FLOWCHART OF ‘ORE PROCESSING’ PRODUCTION STAGE ‘

Co-PrRODUCTS

Raw
Materials

Ceramic pa
Gk % L0

Heavy metals

Electricity
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Stimes

Water

Consumables
Reagents
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1
1
|
1
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1
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1
1
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ProbUCTS

Gas and Soil
emissions
treatment

PARTIAL RESULTS

| ORE PROCESSING - ENVIRONMENTAL LOAD PER ITEM / PROCESS CONSUMPTION (%) ‘ - ORE PROCESSING - compounds|
CUMULATIVE CONTRIBUTION OF EACH PRODUCTION STAGE 005
y " y y " TO GLOBAL WARMING IMPACT CATEGORY
Impact Categories Energy Consumables | Reagents | Water | Treatment | Recycling
Steel/Iron Collectors Slimes/Tailings | Steel/Iron mn
Final Product

Global Warming 79.88 326 328 2,79 1343 2,56 Materials/Processes
Stratospheric Ozone Depletion 71,20 191 1,60 4,60 21,70 -1,02 - ]

= o ket 1o L) of
lonizing Radiation 90,90 1.26 0,87 3,82 338 0,26 P for o s
Ozone Formation, Human Health 56,60 2,82 2,14 2,08 3830 -1,94 | [I— % e ,‘ F
Ozone Formation, Terrestrial Ecosyst. 56,20 2,89 226 2,09 38,60 2,05
Fine Particles Matter Formation 78,70 3,52 1,69 2,72 15,10 -1,79
Terrestrial Acidification 73,00 2,87 2,77 2,63 20,40 -1,68
Freshwater Eutrophication 90,20 2,60 234 3,59 2,90 -1,78 8% nns
Marine Eutrophication 54,10 1,93 4030 3,05 2,09 -148 |
Terrestrial Ecotoxicity 34,50 3127 349 3,62 28,80 -1,64 f“"""’“'ﬁ oo of
Freshwater Ecotoxicity 74,40 9.81 492 5,01 7,22 -1,39 nciron)
Marine Ecotoxicity 7330 10,46 472 5,00 7,96 144 “"‘ 7“ 2% ke
‘Human Carcinogenic Toxicity 26,00 55,30 1.36 10,40 791 0,98
Human Non-Carcinogenic Toxicity 82,70 5,12 347 4,07 636 -1,67 aroun maket fo

or electriity. e o | iron Raw
Land Use 54,90 291 2,50 2,68 38,60 -1,54 Py i
Mineral Resource Scarcity 28,30 108,70 581 13,70 12,20 -68,70
Fossil Resource Scarcity 64,80 236 405 2,32 28,10 -1,57
‘market for
Water Consumption 13,10 0,38 0,99 76,70 8,85 -0,03 i ron Row
L0.0967 % Normalisation /Wheighting Set - World (2010) H

PREVIOUS CONCLUSIONS
‘Optical Sorting’ and ‘Hydroc fication’ steps are the most critical phases of Ore Processing cycle production stage leading to the highest environmental loads in almost impact categories. This issue is associated to energy
consumption relied to crushing/fragmentation and milling processes required to these steps.

Consumables such as jaws for the prmnry and secondary crushers, balls for the mill and mill liners (nndg of chromium steel and cast iron), are instead the main uspm—mbk fac! for the environmental loads associated to
Human Carci it E ral Resources Scarcity, even considering the recycling of remaining material. These consumables are also linked to ‘Optical Sorting’ and assification’ steps.

Slimes and tailing treatment, related to ‘Cyclone Sorting’ and ‘Flotation’ steps, also have slig mificant effects on overall environmental load.

CAVALI PROJECT: LITHIUM VALUE CHAIN - Under P2020|COMPETE, financial support of Innovation National Agency, Portugal (POCI-01-0247-FEDER-047728)

IRTC 2023 Conference — Raw Materials for a Sustainable Future, 15-17 February, Lille, France



International Round Table on Materials Criticality Conference 2023
CRITICALITY METHODS
International Round Table FEbruary 15'17 2023, Lllle France

on Materials Criticality

The Geopolitical Supply Risk (GeoPolRisk) method for use in LCA
and as comparative risk assessment

Guido Sonnemanna®  Anj b Jai 1IE ivarc, Steven B. Young®

AaUniversité de Bordeaux, CyVi group — Institut des Sciences Moléculaires (ISM), UMR 5255, F-33400 Talence, France

PCNRS, ISM, UMR 5255, F-33400 Talence, France

‘BRGM, BP 36009 45060 Orleans Cedex 2, France

dSchool of Environment, Enterprise and Development, University of Waterloo, 200 University Avenue West, Waterloo, Ontario, Canada N2L 3G1

Introduction

The geopolitical supply risk (GeoPolRisk) method evaluates resource criticality in Life Cycle Assessment, complementing other resource and environmental
impact indicators. However, it is challenging to calculate characterization factors (CFs) for the midpoint (GeoPolRisk midpoint) indicator from the
GeoPolRisk method. Therefore, a library based on python to operationalize the GeoPolRisk method is developed to facilitate the calculation of the CFs and
showecase its application as a comparative risk assessment.

The GeoPolRisk Method GeoPolRisk Calculation Library

The calculation library allows users to customize the assessment by

The GeoPolRisk method is an import-based indicator to integrate the . . . . .
creating new economic regions, providing company specific resource

criticality of raw materials into the area of protection natural resources, import data, analyzing the components of the GeoPolRisk method to

proposed by (Sonnemann et al., 2015). It is designed to evaluate the highlight the hotspots. A user can opt to use the library following two

supply risk of importing a resource from a trade (country, trade block, paths. provide company specific

region, group of countries, or company/organization) perspective during a Create new regions resource import data
specific period. The method provides two values; >
A. The GeoPolRisk score, a non dimensional value representing the share
of imports of a resource at risk.
List of raw

B. The CFs for the GeoPolRisk midpoint indicator.

Import share of the analysed Calculate the values of the

country weighted with the method
political instability indicator of the .
exporter of the resource. N (for historical

analysis),

Production concentration of the Customized regions/countries.
resource evaluated using

Ji i
normalized Herfindahl-Hirschman GPRS = HHIA % assessment
Index

materials, years

||||| -
Calculate the

averaged weighted Calculate the production

ice of th : :
Yearly average market price of the import share concentration

resource.

Direct assessment

Q>
Integration into LCA .

* The GeoPolRisk midpoint indicator provides a potential economic |
, , Aggregated function to calculate the values of
damage due to sourcing of a raw material. the GeoPolRisk Method
* The CFs for the “flows” in LCA are dependent on the perspective of
assessment.
* The CFs for 6 countries (the US, the EU, Japan, Canada, Australia and
South Korea) are available for assessment in a nation's perspective. GeoPolRisk Online Tool
* “Direct assessment” path can be used to a calculate CFs for other
countries or regions. GeoPelRisk o it P Wil st The. GeoPoIRis.k
* For a company’s perspective assessment, provide the specific trade GeoPolRisk Tool | o online  tool s

M ” 1f1 e W GRS - g ra p h i Ca I u S e r
d ata a n d fo I I OW t h e d I re Ct a S S e SS m e nt p a t h to Ca | C u I a te C FS S p e C I fl C A online tool to calculate the geopolitical related supply Beryum- 58% i’ﬂ( ¢ mxfﬁ i : | > irfi.hmpm igf i nte rf a C e b u i It O n
: . : : . Phomhes ok 2 it T g
fo r t h e CO m p a n yo The tool facilitates calculation of the potential supply risk associated with imports 4 ; Raoxite S % 4 4 ! 5%

risk potential of importing a resource
the framework of

of a resource to a country or group of countrie a period. 7 Ti,.‘"r’:gg: i .nib:,, = 5 >
Comparative risk assessment l [ G ) =i B¢ = t.he calculation
* The GeoPolRisk score is a product of the Herfindahl Hirschman index
. . . Accessibility
and the averaged weighted import share of a raw material.

* The score is mass independent and represents relative supply risk of Version 2.0 g
importing raw materials. Github Repo: gl
* Software can integrate this library if it supports python and take https://github.com/akoyamp/ gch}Mg

benefit of the individual functions to extract and analyse information GitHub geopolrisk-py

on the go.
* . h f . . h . *This study will be available as a scientific article with the title “Introducing a python-based library to operationalize the Geopolitical
A com pa ny Wlt d SpeCI IC IM pOrt mixX Can use t IS SCOore tO com pa re Supply Risk Potential Indicator for use in life cycle assessment and comparative risk assessment”.

the supply risk of raw material to that of a country’s import mix.

The two paths to use the calculation library for calculating the values of the GeoPolRisk Method

SeoPclrick

Perspectives

There is an ongoing development in the library to improve memory consumption and decrease the time required for each function. The database is
updated to the year 2020 for 30 resources. A significant on-going development is automating the collection of data from publicly available databases. A
framework is being developed to crawl through the websites to collect relevant information and use artificial intelligence to verify and extract the data.
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Introduction & Objectives

To identify such impacts, we use our recently developed SPOTTER approach, which, in
contrast to existing approaches, allows for assessing supply disruption impacts along
the full supply chain in the medium-term (i.e. 5-15 years) within Life Cycle
Sustainability Assessment [1]. This poster provides an overview of different Swiss
mobility scenarios and represents the methodology as well as first results of our study.

The expected rapid implementation of electric vehicles (EVs) in Switzerland in the coming
decades will lead to an increasing dependency of the country on high-tech products such as
lithium-ion batteries and critical raw materials and thus higher risk of supply disruption. It is
therefore important to identify mobility scenarios with the lowest supply risks as well as the
biggest supply bottlenecks (i.e. highest supply disruption impacts along the supply chain).

Materials and Methods

Table 1: Description of scenarios for the Swiss mobility sector until the year 2040. The basis (i.e. situation in the year
2021) is defined by a population of ~8.67 Mio people, a vehicle-per-capita ratio of ~0.54 and the following shares of
passenger vehicle types: ~13% BEV, ~9% PHEV, ~23% HEV and ~55% ICEV.

Technology
type

In view of an increased electrification of the mobility sector
as well as potential changes in the demography and
consumer behavior in Switzerland, the share of vehicle
technologies on the market and the vehicle fleet is likely to
change in the country. The four scenarios presented in
Table 1 describe the development of the fleet of battery
electric vehicles (BEVs), plug-in hybrid electric vehicles
(PHEVs), hybrid electric vehicles (HEVs) and internal
combustion engine vehicles (ICEVs).

Experts "Auto Recycling Schweiz"[2]

« ~97% of BEV in 2040 « face out of HEV in 2027 | *
* face out of PHEV in 2036 « ~3% of ICEV in 2040 .

Scenario 1:
“Fast electromobility transition &
Increasing vehicle fleet”

McKinsey & Company and Bloomberg|[3, 4]

~67% of BEVin 2040 °* ~11% of HEV in 2040
~5% of PHEV in 2040 * ~17% of ICEV in 2040

Scenario 3:
“Slow electromobility transition &
Increasing vehicle fleet”

Demography &
vehicle amount

Demographic increase of ~16%
and vehicle-per-capita increase
of ~4% until 2040

Demographic increase of ~9%
and vehicle-per-capita decrease
of ~17% until 2040

Scenario 4:
“Slow electromobility transition &
Decreasing vehicle fleet”

Scenario 2:
“Fast electromobility transition &
Decreasing vehicle fleet”

Assessing the supply disruption impacts along the supply
chains related to these four scenarios involves an analysis
of several inventory flows. In order to reduce the data

collection and computation efforts, we have developed a Selection based on the lists of oloction baced oterial/oroduct f t
' - - : critical raw materials for the EU €lection based on Selection based on a . w M- Material/product low amount
flve—st.ep scre.enl.ng procedure that alloyvs to |dent|fy the oublished by the European suitable trade data tier-by-tier performance %é py|. Indicator for vulnerability to physical
most influential inventory flows for the impact assessment Commission[5 and literature upstream the supply £ E shortage .
(Figure 1). Within the first three steps of this procedure, the = \Chy Eg BV g}de'izt:g;",ggg‘:;‘;’gfg'c mportance
. . . o St 1:
types of materials/products to be analyzed are identified. =P Step 2: Step 3: ~—
: : : e : . Step 4: Step 5: — —
F:OnSIderlng the I.dentlfled mate.rlal/product types, the Selecting material/product flows complying with this rules:
inventory analysis is performed. First, the country-specific Material/ Selecting Seltec’finlg Selecting flows Material/product * Inflt:en.tisl
flows of final products are defined based on country- product flows intermediate/ oroducts for | of final products | —flows between. mTPV] score.. Plscore | roduct flows
. (o . . witnl Selecti itical ina roducts ) . S
specific production data and by selecting the flows that supply chains || raw meterials | comprising | Which country- e stodk (e < within the
. . . . oge o ...tne secon ; : ; Ssu cnains
respect the rule described in the fourth step of Figure 1. o'yt e O I I A R <
are available market) ---t?(futri‘};rfi :r”d 2.78996E-06 1/yr i 0.021970 sectors
After the definition of the final product ﬂOWS, the flows of @ ...................................
materials and intermediate products are defined step-by- f ‘ —
step upstream the supply chain. Thereby, global average /\
weight ratios and the country-specific production amounts T — . Selection based on the smallest scores
. < . Selection based el basgd of m*PVI and EVI that define hotspots in
of the individual materials/products are used and the flows election based on on the assumption h tudv for the Swiss mobilit
) o literature research of a safety stock € case Study tor the >wiss moDbility
are selected that are below the thresholds described within sector performed by Berr et al.[6]

the fifth step of the screening procedure in Figure 1.

Figure 1: Screening procedure for material/product flows most influential for the supply disruption impact assessment

Conclusions & Outlook

Bl atural graphite = Four different Swiss mobility scenarios have been defined
considering fast and slow electric mobility transitions and in-

and decreasing vehicle fleets.

Li-ion

Aluminium battery

= Figure 2 shows that relatively large amounts of li-ion
batteries and electric motors and relatively low amounts of
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amounts.
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= In a next step, material/product flows related to the other
scenarios will be quantified as shown in Figure 2 and
country-specific flows will be determined following the
fourth and fifth step of the procedure described in Figure 1.

PHEV

AL
T

= Considering these country-specific flows, supply disruption
iImpacts for each scenario will be assessed and compared by
using the equations described in the SPOTTER approach[1].

ICEV

= Within this assessment, impacts of cost variability and limited
availability due to demand growth, co-product dependency,

Figure 2: Material/product flows related to Scenario 1 described in Table 1. A decrease in the cobalt and lithium
contents of the lithium-ion traction batteries over time that is estimated based on information from [7] is considered.

primary raw material reliance and depletion of ultimate
resources will be evaluated.

References

[1] Berr, M., Beloin-Saint-Pierre, D., Hischier, R, Hool, A., Wager, P, 2022. SPOTTER: Assessing supply disruption
impacts along the supply chain within Life Cycle Sustainability Assessment. Cleaner Logistics and Supply Chain. 4,

100063. https://doi.org/10.1016/j.clscn.2022.100063.
[2] Workshop with experts from «Auto Recycling Schweiz» in May 2022

[3] Eddly, J., Pfeiffer, A., van de Staaij, J., 2019. Recharging economies: The EV-battery manufacturing outlook for
Europe. https://www.mckinsey.com/industries/oil-and-gas/our-insights/recharging-economies-the-ev-battery-

manufacturing-outlook-for-europe (accessed 20/01/2023).

Acknowledgement; This research has been conducted in the frame of the project “Open Assessment of Swiss Economy and Society”, funded by the
Swiss National Science Foundation as part of the National Research Program “Sustainable Economy: resource-friendly, future-
oriented, innovative” (NRP73). Furthermore, we thank our colleagues Charles Marmy and Manuele Capelli for their collaboration.

Sustainable Economy
National Research Programme

SNF

7

Swiss NATIONAL SCIENCE FOUNDATION

[4] Henze, V., Thomas, C., 2017. Electric Vehicles to Accelerate to 54% of New Car Sales by 2040.
https://about.bnef.com/blog/electric-vehicles-accelerate-54-new-car-sales-2040/ (accessed 20/01/2023).
[5] European Commission, 2020. Study on the EU's list of Critical Raw Materials (2020) Final Report.

[6] Berr, M., Hischier, R., Wager, P, 2023. Assessment of Short-Term Supply Disruption Impacts on the Swiss
Mobility, Energy and ICT Sectors — Application of the SPOTTER approach. (in preparation)

[7] Al Barazi, S., 2018. DERA Industrieworkshop zur Verfigung von Koblat flr den Industriestandort
Deutschland, in Bundesanstalt flir Geowissenschaften und Rohstoffe (ed.).

Marcus Berr
E-Mail: marcus.berr@empa.ch,
Tel. +41 58 765 69 01

Contact:



mailto:marcus.berr@empa.ch
https://doi.org/10.1016/j.clscn.2022.100063

1. Background and Problem Statement

The cost of energy has become significant within production costs and there are
supply disruption risks, which result in the urgent need of monitoring and, if
possible, optimizing of energy and resource consumption in the manufacturing
sector. Additionally, current goals such as circular economy and zero-emissions,
require that the used resources have traceability. This can only be achieved with
data sharing between the different actors in the supply chain. However, there are
not enough sustainability and critical raw material traceability models from the
manufacturing sector, which come from measured data because companies are
not willing to share their production data, since it contains sensitive information.

The Sustainable Manufacturing Systems group investigates the potential of data
synthesis for the following challenges in the industrial sector:
C1l. Lack of resource data for their traceability between the different actors of
the supply chain.
C2. Reluctance of companies to share production data, due to the risk of
leakage of sensitive information.

3. Privacy-Preserving Data Sharing

 There are many approaches to achieve privacy-preserving data sharing.

* Differential privacy [2] is the leading standard for data privacy guarantee.

* |In our proposed methodology, privacy is evaluated using the differential
privacy standard.

4. Potential for Critical Raw Materials and Sustainability

The Role of Data Synthesis for
Critical Raw Materials

Maria F. Davila R. M.Sc.

R&D Division Manufacturing — Sustainable Manufacturing Systems
OFFIS Institute for Information Technology

2. What is Data Synthesis?

 Data synthesis is the process through which artificial data is generated from a data
source, with the purpose of having a data set with the same structure and distribution
but that does not reveal private information.

* Artificial data is used in research and to share information between different entities.
It had been mainly used for health data applications.

e The main methods used currently for data synthesis are shown in figure 1. Our
research focuses on the approaches inside the red box, which are based on artificial

intelligence.
Data Synthesis
Approaches
Y
Deep
Classical Generative
Models
I
! ! ! | ' | !
Baseline Statistical and Machine Variational Ec?*:r-leirsaatlr?; Denoising Constraint
probabilistic learning Autoencoders Network Diffusion Aware -
IS Probabilistic probabilistic
¢ Models database

Anonymization,

eplacing Fig. 1. Classification of data synthesis approaches, based on
values, adding the review by Hernandez et. Al [1]

noise

5. Case Studies — Work in Progress

* Two industry partners in northern Germany: one in the airplane industry and
one in the trailer truck production. 2022.

Fig. 3. Characterization of manufacturing process and structure of the data.

* We propose the use of a Digital Twin [3, 4], as shown in figure 2.

* In the pre-processing level, deep generative models are used to perform data
synthesis on the original data. The analysis is done with artificial data, which
is private according to the company's privacy budget and useful for the
models (the structure and distribution of the original database are respected).

 This addresses both challenges C1 and C2, because artificial data and the
models developed in the analytics level of the Digital Twin can be shared with
the different actors of the supply chain and enable the traceability of the
resources, within them Critical Raw Materials, without risking sensitive
information from the companies.
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Fig. 4. Retrofitting, installation of sensors and data collection from the different data sources
(sensors, machines, production, supplier, weather). Preparation of databases.
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* Future work:
* Further characterize the structure and define all the possible constraints
present in manufacturing data.
* Implement and evaluate the more complex approaches for data synthesis
and privacy-preserving data sharing to improve the output data.
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Motivation

Secondary raw materials play an important role in easing the
supply of critical raw materials. Various recycling processes exist,
and others are under development. However, the full potential of
secondary critical raw material production has yet to be realized
due to the lack of appropriate categorization and the missing

Research questions

1. How should categories for secondary raw materials be selected?
2. How can system boundaries of processes within the circular
economy be defined uniformly?

3. How can technical, techno-economic and techno-ecological
systematic interrelations be identified?

Results

Mining

Pre-Treatment

Upstream
processes

Technology
type

identification of interconnections between different recycling
pathways. In the following, we provide an overview of recycling
processes and propose a categorization scheme based on
technological, environmental, and economic evaluation criteria.

Instructions

‘ Mark most important category (for academia)
‘ Mark most important category (for industry)

@ Leave a comment, suggestion or note

Pyrometallurgical

Hydrometallurgical

Downstream
processes

Direct recycling

Stable electricity infrastructure

Availability of maintenance /
spare parts

o)
2
Market entry
barriers

Only available with licences

Protected by Intellectual
property rights

Conclusion

A comprehensive framework or approach for evaluating the
criticality of secondary production and identifying dependencies
between individual secondary raw materials and their processes is
currently lacking. With this overview, we aim to initiate a more in-
depth discussion on secondary critical raw material supply

Contact

Martin Hillenbrand

Ecological Resource Technology
University of Bayreuth

Bayreuth, Germany
martin.hillenbrand@uni-bayreuth.de
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pathways and the constraints and criticalities associated with
them. The findings will be valuable for materials scientists,
engineers, businesses, and policymakers as they work to develop
more recyclable materials and strategies for critical raw materials.
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Evaluating the climate change impact
of cement enhanced by graphene

of Manchest

The Un

| Figure 1
Ordinary Portland Cement (OPC) The OPC facility. Materials

and energy are sourced from
regional suppliers or local

and cement production for about 7%-. quarry.

4 The construction sector Is responsible for about 23% of global CO, emissions,

d The impact of the construction sector must be mitigated.

d We have estimated the environmental impacts of OPC production (Figure 1).
Graphene (Gr)

d Graphene has been shown to improve OPC’s mechanical properties.

There has been limited work on the life cycle impacts of Gr-enhanced cement?-3.

Neutralized

wastewater
A

Graphene plant Transport

4
d We have estimated the environmental impacts of Gr production (Figure 2).
>

We evaluated the environmental impacts of adding Gr to OPC.
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Figure 3
Gr being produced and added to

Sodium Electricity
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the OPC facility (OPC+Gr). _
Figure 2 Life cycle stages of Gr production.

Life cycle assessment (LCA)

Pulverized
fly ash

d  OPC and Gr assessed, using reliable primary data.

Graphene d  Modelled with Simapro software and Ecoinvent v3.8. database.

r & plastics

320 O  The goal was to understand the life cycle impacts of OPC and Gr,
plus of Gr-enhanced OPC (OPC+Gr) (Figure 3).
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d Climate change potential (GWP) of OPC 775 kg CO, eq. / tonne produced: 100 offsetting
and of Gr 121 kg CO, eq. / kg produced (Figure 4). Lo i
d We have shown that Gr can reduce the embodied carbon of OPC -200
(Figure 5) for loads <350 g /tonne for 5% strength improvement (A), -250
0.00 0.04 0.08 0.12
or loads <720 g / tonne for 10% strength improvement (B) for example. Figure 5 % (in weight) of graphene
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Increasing recycling R&D activity

Introduction 50 30 l
NdFeB magnets are used in energy-efficient electric
Left axis Right axis -
: : 50 25
motors, pumps, loudspeakers and wind turbines. The 2 Journal articles —— No. of pilot plants N
supply of NdFeB is critical due to the centralized Patent applications Active research projects %'
° ° . = B—
production, which can be reduced by recycling. We §4O - Recycling capacity 20;/
investigated the magnet recycling system, its g g_{
£ 30 15 2
development, strengths and weaknesses. o o
L1} >
“*Gather important events in the research and 20 HEE ) 10 <
development (R&D) of recycling, using Patentscope, E;';E 4.5 kt/a
Web of Science, and general search engines. 10 5
“*» Application of recyclability framework [1] to the case ——— -i.l I I‘
0
of EV motors. S <

Vv

Economic
drivers

Supply chain
alignment

Barriers and drivers in the Mfg

magnet recycling chain

Demand
Design for

recycling

Social

The recyclability of materials depends on the product
Y Y ! P £ benefits

Uncertaint
Revenues Y

properties and on organizational structures [1].

For EV motor magnets, we find [2]: SE'{:

*** Lower environmental impacts and safety hazards .: Excellent
than for primary production Environmental effects Collectability ~ Good

+»* Significant revenues from (co)recovered metals: -\ gy . Aver:ge
NdFeB plus cleaner Fe, Al, Cu Technology availability ) Wea

[ Poor

¢ Challenges in collection and waste exports

Recovery performance Polic : -
% Currently small waste flow o 4 Ov: overarching
. Mfg: manufacturin
¢ Motor design is not optimal for recovering magnets Preprocessing  Safety d g
. o erformance  risk U&C: use & collection
and the variety of designs is large A p ris Q _
R Pp: preprocessing

R: recovery
Sec: secondary market

Discussion Conclusion & Outlook

Disruption of rare earth supply coincides with increasing R&D
activities in NdFeB recycling.

Recycling does not necessarily lead to lower criticality [3]. In the

case of NdFeB magnets:

Recycling of NdFeB magnets is technically possible, but it takes
time to develop an aligned recycling system.

*** Dependence on metallurgical expertise remains.
¢ Status quo if existing manufacturers start recycling.

** Diversification due to multiple emerging recyclers. The number and capacity of announced recycling plants is

*** Due to demand growth, recycling is only a partial solution. increasing.

Recycling can be supported by design for recycling, regulation of
waste treatment, and larger future waste flows (for economies of
scale).

References
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[3] Schaubroeck, T. (2020) ‘Circular economy practices may not
always lead to lower criticality or more sustainability; analysis
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More research needed to map magnet recycling business in Asia.

OF RARE-EARTH MAGNETS IN THE CIRCULAR ECONOMY
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Titanium metal circularity in the EU
Status quo and future potential
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Background Method

Titanium metal (Ti) is used in strategic applications, yet it is sourced from third countries. Literature reviews; Stakeholder consultations; Database modelling.
Circular economy strategies can play a fundamental role for the EU’s strategic autonomy.
* Literature review to gain a preliminary understanding of the

« Tiis used in strategic applications, aerospace and defence systems. supply chain structure, material flows and stakeholders.
¢ In the EU, Ti is entirely imported from few countries; the war in Ukraine has * Qualitative insights collected by consulting key stakeholders across
exacerbated supply disruption concerns. the supply chain (processed into a list of barriers/ drivers to
« Circular economy strategies (i.e., reducing, reusing, recycling) can play a fundamental circularity)
role in ensuring reliable supply. e Quantitative data on Ti scrap collected from different
geographical/sectorial databases. (translated into circularity
Objective scenarios which feed into economic and environmental models)
Assess current circularity and potential in the Ti supply chain, focusing on civil aviation and
defence. Overview of the methodological approach and its stages.
| oota iy s uang S mosiing | Fosits
Results [ This work is currently ongoing, results are preliminary ]
N
* Detailed Ti supply chain including linear and circular processes from extraction and [ )
processing, to manufacturing, use and end-of-life. | -
. e . . . . . . . i
* A seletion of specific drivers and barriers within the supply chain for increasing i . . jer e
circularity in the EU. ==
| [e-. =
* A quantitative estimation of Ti scrap trade flows, functional to develop future circularity -
scenarios assessed in terms of their economic and environmental impacts. !
Diagram of the Ti supply chain, showing circularity drivers (green)/barriers (red) at the stage where they occur.
& USE END OF LIFE Type Brief description
A As per th i between Tier 2 compani Py
m ! ndustratapptications :’r"’i;ﬂ:"w Foonomic | wrought titanium metal products to EU Tier 1 companies and OBMs, the latter a
m} ‘ i pee— Tl o) | required to send back the scrap generated in the manufacturing process
E m Toww v vy E;;“'“""H:.::’.:m el e £ dircutarit Ensuring quality and safety standards of recydied titanium metal scrap for aviation and
bart '2"’ Technical | defence applications requires an p g step before ingot
rrier remelting, with a technology not yet widely deployed in the BU
®
m L Gl aviation EU circularit Opporturity to recover more titanium metal embedded in the frame of aircraft
__[rame camponerss | Ti metal (alloy) old ariver #1 Y Economic | that reach end-of-life in the EU, which is currently mixed with aluminium and
m e itin 3 dokecs sor downcydled because extraction is ot yet cost-effective
EU circularity ) Emerging additive manufacturing technologies might allow to reduce up to 90% of
e e — driver #2 Technical | itanium metal needed i the manufacturing of aircraft components in the EU
T Wommavsore
O Wsionbity v

Example of scenario analysis and modelling based on cross-country flows of titanium scrap .

" ) Expected outcomes and future work
Baseline scenario: Circularity (what-if) scenario:
i f . . . .
B +buyback agreements 7 *  Exhaustive list of cultural, regulatory, economic, and technical
* 1 scrap recovered from Eol aircraft 7 barriers related to enhancing titanium metal circularity in the
Quantitative assumptions:
(2. % of aero-grade scrop) T EU ingot production capacity 7 EU.
* Detailed picture of the origin and destination of secondary
Static/dynamic (pre-consumer and post-consumer) material flows, along with
Bp=nas sectorial insights and firm-level interactions.
158 GoP * Impacts of greater circularity on the Ti supply chain.
o Industrial value ¢ Research on macro-level international relations and dynamics
added . . . . .
to identify targeted and preventive policy actions to ensure
Importsfexports security of supply.
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Introduction

 CEEW estimates suggest that between FY22 and FY30, India’s
cumulative demand for energy storage at 903 GWh

* |India’s USD 2.3 billion production linked incentive (PLI) scheme
for advanced chemistry batteries of 2022 — 50 GWh annual
battery cell manufacturing capacity in India by 2025 creating
demand for cathode active materials (CAM) — 1000 to 2000
t/GWh — and anode active materials (AAM) — ~1000 t/GWh

* Localisation of significant CAM and AAM production due to
indigenisation requirements would result in demand for battery
minerals which aren’t mined in India at sufficient scale

Research question: “How can India identify, develop and scale low

critical mineral (CM) battery chemistries?”

Methods

* Battery supply risk calculated using methodology developed by
Greenwood, Wentker, and Leker (2021) using a stoichiometric
risk and maximum risk approach based on mineral supply risk
scores developed by Chadha and Sivamani (2022)

e Key battery chemistries identified based on Future of Energy
Storage report by MIT (2022)

* Mineral price analysis data from Trading Economics website

* Analysis of patent trends using WIPO Patentscope filtered by
“English Title” and “Applicant Nationality” fields

* Analysis of Indian battery materials research funding using
Department of Science and Technology (DST) Clean Energy
Materials Initiative (CEMI) project data

High supply risk for current battery minerals (LIBs)

Current LIBs, especially NMC and NCA, make use of minerals at
high supply risk (considered critical minerals) and high price
volatility

Supply risk of battery minerals for
India

Price volatility of battery
minerals (2018-22)
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B Alternative battery minerals

Need a criticality framework to guide innovation

* Policy objectives should increase focus on critical minerals — lack
of an objective assessment framework based on supply risks

* We evaluated each anode/cathode couple on the highest
individual supply risk amongst all contained minerals (maximum
supply risk) as well as a weighted combined supply risk for all
contained minerals (stoichiometric supply risk) to identify

* Supply risk evaluates import dependence, exporter governance
and concentration scores, substitutability and recyclability

* Assessment must be ongoing — constant changes in mining
capacities, domestic production, trade, governance indicators

Solving for India’s Critical Mineral Challenge through Battery Materials Innovation

Technology-level mineral supply risk of important battery
chemistries for India
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A roadmap to foster low CM battery technologies

Supporting indigenous innovation in low critical mineral (CM)

battery chemistries:
13 projects with some low CM

battery focus, and overall grant
greater than USD 100k, were
selected for funding by DST
CEMI between 2016 to 2020

 The latest Advanced Materials
and Energy Storage Technology
(AMEST) programme is focused
on cost, performance and
safety; it should include a
criticality framework as an
additional selection criteria

* |ndian R&D policy must address
the gap between basic research
and patents

* |ndian academic and research
institutions can partner with
Japan, US, Germany, SK under
Mission Innovation, Supply
Chain Resilience Initiative and
EU-India Trade and Technology
Council

 Dedicated focus on identified
low CM battery technologies (Li-
based/alternative chemistries)

* |ndia’s planned manufacturing
incentive schemes should
include a criticality framework
as an added criteria for
selection or additional funding
of technologies

Number of patents by nationality
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Number of projects with > USD 100k funding
o (@)}

Funding of research on low
CM batteries has been
Inconsistent in previous years

FY17

FY18
Selection year

Other projects

FY19 FY20

B Projects working on low CM batteries

India’s international partners are
leaders in global low CM battery
patents (2017-22)
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Critical raw materials depletion in LCA — a case of laptop recycling and component reuse
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ABSTRACT

Life cycle assessment (LCA) is a well-known methodology for assessing environmental impacts Two different life cycle impact assessment (LCIA) methods were tested. The case study

of products and services. Several studies have estimated impacts from treatment of waste has revealed limitations in data availability when it comes to critical raw materials

electric and electronic equipment (WEEE), but few of them include impacts from critical raw content in electronic products.

terials depletion.
materials depietion The two LCIA methods show similar results for the case study. Reuse of components is

In this study, the current state of the art LCA methodology for assessing the impacts from

. . L. .. a promising solution when it comes to depletion of critical raw materials due to
depletion of critical raw materials is evaluated. The current system for laptop recycling is

: . . . . limitations in the current recycling system. Storing laptops in the drawer after use is the
compared with a scenario of increased components reuse and a scenario where the laptop is yehng sy & 'aptop

stored in the consumer’s drawer. least beneficial option.

Methodology

Life Cycle Analysis (LCA)

"  SimaPro software with ecoinvent database data was applied

Goal and Scope

" The study aims at investigating the available life cycle impact assessment methods

addressing critical materials depletion and the effect of repair and reuse, with the

Case Study

purpose of contributing with discussions regarding their applicability and lucidity
" Use of digital product i.e., laptop computer by an employee

when communicating to decision makers.
" Laptop computer was disassembled, and materials and weight of main components were

identified

Functional Unit

= Use of laptop computer by one employee during six years

Considered Scenario & Descriptions

Laptop life cycle flow chart

Drawer Scenario Recycle Scenario Replace Scenario Repair Scenario

_ ' Raw Raw
Raw Materials Raw Materials Materials »|  Materials
Extraction Extraction "| Extraction Extraction
Do duction Production nglrjlﬁtmn Protilr:::ih on
and Assembly and Assembly Assembly Assembly
Lise | | Lse | l i Use ‘ i Use |
| | Extend the | —~
Extend the |
I WEiE-tE TI‘EEITITiEJlT product life Replace I’ product life Repair 1
: h h repairi
Put in Drawer Disposal through replacing | Reuse t mutie r??:mng | Reuse
Recycle Landfill the part g P >
\f‘iaste treatTent Viaste. treatTent
= After the first use life, the " At the end of use life phase, proper waste |
laptop is kept in drawer. treatment is conducted. Recycle [L),le?éﬁﬁ] Recycle [E;Eﬁélﬁsﬁ]
" 2 laptops were needed " 2 laptops were needed

" After the first use life, a component, i.e. battery is " After the first use life, a component i.e. battery

replaced to be reused for the next 3 years is repaired to be used for the next 3 years

% Average service life of a laptop was assumend to be 3 years for all scenarios

" | laptop and 1 battery to replace the old ones were " 1 laptop was needed and a repair activities

needed

Enviromental impact assessment methods Investigated

Method Unit Basis for characterization |Reference

factors (CF)

Huijbrechts et al.,, 2017
Vieira et al., 2016

Mineral resource scarcity in Kg Cu-equivalents Surplus ore potential

ReCiPe method

Abiotic depletion potential Van Qers et al., 2002 as
(ADP) ultimate reserve

Kg Sb-equivalents

Resource, minerals and metals

use in Environmental

implemented in CML

Footprint method (EF-method) (2016)
Results
Mineral resource scarcity in ReCiPe 2016 Midpoint (H) Method EF - Method
8 0,07
7 0,06
6 B Avoided emissions B Avoided emissions
0,05
M Waste treatment M Waste treatment
5 M Repair or replace M Repair or replace
0,04
" B Assembly @ ® Assembly
,§ 4 B Transport E: 0.0 E— H Transport
w
-% EE— B Case including bottom cover 2 03 - - B Case including bottom cover
g 3 - - = RAM o = RAM
= o 0,02
© W Screen CQD W Screen
¥ Mainboard - Mainboard
0,01
1 Keyboard Keyboard
® Hard Disk Drive — I ® Hard Disk Drive
I O
o — — S . _ e
* Total * Total
1 -0,01
5 0,02
Drawer Recycling Replace Repair and reuse Drawer Recycling Replace Repair and reuse
Conclusions

* The ReCiPe and EF method show similar results

oT'
QT'

ne largest impacts are from the mainboard and is mostly caused by gold consumption

he repair and reuse scenarios have the lowest impacts, while the drawer scenario has the highest impact

* Finding data for material use in laptop components is challenging, and datasets are outdated



A method proposal to assess ligho-cellulosic
resources criticality at the firm level (LighoCrit)
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INTRODUCTION

Bioeconomy and Green Chemistry are developing and increase demand on ligno- Developing a criticality assessment method based on the IRTC
cellulosic resources while their access is constrained by physical, economic and societal framework [2] to :
events: * I|dentify potential critical ligno-cellulosic resources and their
> Need to secure and maintain access to ligno-cellulosic ersources substitutes for their operations based on [3,4]
= Anticipating potential supply risks and « Understand the potential risks and their origins as a way to
to ensure the stability and sustainability of the firms. anticipate ligno-cellulosic resources supply disruptions

Qﬁﬂr  Limit their effects on the value-chains.

B0/ 000

o =00

& 7”“ GOAL & SCOPE
W_ «  Whatis at risk?

Whattypes of risks are anticipated?
Whatis the objective of the assessment?
Which materials are evaluated?

What are the data requirements?

CONTEXT

What indicators could be

Adapt objectives
used?

Exclude materials

OBJECTIVES

Establish a list?

IND. SELECTION DATA AVAILABILITY Identify hotspots?
@ Exclusions _ Conclusions
@@ Proxy Data quality Limitations
A e -
Sﬂgo[’r.ma()o c:ﬂr
-: ‘ ‘ \ :- = ]

an

W

|
INDICATOR EVALUATION | “ AGGREGATION METHOD

________________________

|
3 E - INTERPRETATION AND COMMUNICATION OF RESULTS I
.y . . + Presentation format |
E j Crltlcallty — f(SR; ) EI) [I] * Uncertainty and sensitivity analysis :
< I Where: e e e -
ol . _ -
v SR = SUPP')’ Risk, Steps related to criticality assessment method development
* V3D =Vulnerability to Supply Disruptions, o ____. Steps related to criticality assessment method application
* El = Environmental Implications

METHOD PROPOSAL

w : :
&0 Whatis at risk? Characterization:
7 E Continuity in supply-chain operations. Estimation or calculation thanks to different datasets, tools and
=hn What types of risks are anticipated? publications
L . . '
€a Supply risk (SR) and to mitigate Normalization and Weighting :
S anticipated risks. Distance-to-target approach [3] and Equal Weighting:
O What is the objective and which materials are evaluated? 2

I.:
LignOCTitLCR’SRi = RFLCR . ( LLCR)

|dentify and quantify the determinants of ligno-cellulosic resources’ criticality to guide TiLcr

feedstock selection and help firms understand and anticipate the associated risks.

W

n " "
i=1 LtgnoCrit;cp g,

$ supPLY DISRUPTION RISK LignoCritLCR SR. =
| n
Physical Economic Societal REMAINING SUPPLY DISRUPTION RISK
constraints constraints constraints >upply-Risk Absorbers AT FIRM’S GATE

P I I aar .S . F A A A S S EEr . G A A A A e an

=l

INDICATORS EVALUATION

n
l I I ) t SEVERITY OF POTENTIAL SUPPLY DISRUPTION - - — - -
74 | = e 1 I, : t QUANTITY AT FIRM’S GATE BEFORE ngnocrltLCR'SR ngnocrltLCR'SRCj
0 ;5 2 1 > g MITIGATION STRATEGIES j=1
|: 1 S & I = Iy '
9] | 54 00 E 'y :
Nt a8 £ 3 ) : . Supply-Risk Accelerator LignoCrit;cg = LignoCrit;cgsg X ED;cp
83 8 '" 3 8B { 5
m BRI I
o Il & c 2 o c
7)) 9 5,8 E re 2§ Where:
(7)) . @ < 1 N .g l: = & —= | . , .
o £ 3 &yb® 3 § > 3 * ED; p:Firm’s economic dependence to resource LCR
S B, o o £ 4 T :
E § e 9 5 g * Ii;cgr: Value of the indicator i for resource LCR
Na e g s - . : : L :
5 5 g :: g g § : § 5 * LignoCrit;cpgsg,: Supply risk for the indicator i for the resource LCR
— I, E .E bt *3 g ' ' . . . .
a i :: 8§ & 8! g4 i S . ngnOCrltLCR,SRci.Average supply-risk in category |
o S D o . . . . .
< &8 5 BCAW v * LignoCrit;cg sg: Supply disruption risk for resource LCR
2 &1 1 8%y : o L .
2r V@ * LignoCrit;-g = Criticality score for resource LCR from region R at the
& ! i’
' firm’s gate
!

(3)

RFqp: Reference flow for the resource LCR
* Tjcr: Target value of indicator i for resource LCR

(2)

APPLICATION (fictive case) PERSPECTIVES

—> Practitioners survey to build a relevant aggregation method

—> Definition of an AoP to build feedback-loops and/or impact-pathways

—> Supply-risk database development for several resources from different
countries.
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Application to Bagasse from Brazil, China, Dominican Republic, and South Africa:
NB: Absorbers and accelerators are considered equal for all supplier countries (excluded
from assessment))
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Why phosphorus recycling?

Phosphorus (P) is an essential element for crop nutrition. It plays a crucial role in global food security.

Phosphate rock: main source of phosphorus » Mostly used for phosphate mineral fertilizer_

s S onmil — . . : | % | 3
e » Critical raw material for European Union's manufacturing (86% in EU) . . |
B (EU) economy » P as element cannot be substituted in crop

fertilizing

» Non renewable and exhaustible resource

» Long time scale for the exploration of new
deposits

» Uneven distribution of global reserves

» Finland is the only European country producer
of phosphate rock (16% of EU supplier)

» High EU dependency on third party countries

» In the agricultural sector, providing P from recycling sources is currently the only way to mitigate phosphate rock criticality

» P content varies according to OR types, treatment processes

» OR diversity Is a function of the economic activities present at the
spatial scale

» OR reuse In agriculture is presided over by regulations

» Farmers may not use P recycled depending the characteristics of OR
(price, agronomic value, location,...)

Malin issues for phosphorus recycling

Phosphorus recycling refers to the reuse in agriculture of collected (i.e.
organic effluent) or recovered phosphorus (i.e. struvite) which is contained
In organic residues (OR) as digestate, manure, sludge...

Phosphate [Mineral fertilizer L  COP | Animal foods => P recycling depends on the geographical scale studied and its
rock deposits “ production livestock . context (regulatory, social, economic, agronomic,...).
» Household 2 ‘
| D
Recovery Reuse I : : .
T Organic 5 The context and geographical scale are not taken into account in the
residues - evaluation of the recycling rate indicators used in the raw material

——

criticality assessment (as EOL-RR, EOL-RIR,...)

4

There is a need to contextualize P recycling at the
local scale

Manure

Digestate Compost

=

To build the model, four set of parameters are identified

Conceptual model for contextualized phosphorus recycling

. . . . » P-OR suppl
The conceptual model aims to put P recycling back into its context to assess the > ) PR
maximum recoverable and recyclable potential of phosphorus from organic residues hee S_ |
deposits in the studied territory. » Drivers, I.e. any factors that can influence the use

of P from OR by farmers
» Preferences of use by farmers

Potential use of P-OR =

Recycling

= e

I Cof P need Drivers P-OR supply
mport o :
P mineral Crop production Sc.jmal _ Activities producer of OR o
e : Experiencesin i K = Hauts/de
fertilizers (agriculture) Usine OR _ (livestock, ...) ©
l g OR... references a0 Fra
of use l = ‘
— Regulation > <
= O Total P needs Total P-OR suppl ¥ 4
E Y 5 . (A) Nitrate PP V(D g Betagn
= S = l directives, ... 2 N
S 2 s
a 2 9 P needs of | P needs of e
S o = surfaces | surfaces Economical \ botential P-OR 0 .
>~ e i \
G 3 © ~  not that can OR price, .... quantity can be Auvergne-
K = suitable receive used Rhéne-Alpé
c | £ for OR OR (B) R (©) iy
@ | | | @
- 3
P-OR deficit Contextualized balance between P-OR surplus S
y need and supply of P-OR = - | >

Legend | Output indicators of the model | #” Influence : Passage _/"Link between values used for indicators calculation

Possibly imported from other territory(ies)

5 2

Possibly exported to other territory(ies)

Studied territories in France

Conclusion

The proposed model will help to provide an effective recycling rate consistent with local context (fertilizer regulation, water
framework directive, farmers preferences, agronomy context...). This promotes a better integration of the characteristics of
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phosphorus recycling into criticality assessment.
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Pollution Through Industrial Waste Recycling

Qudsia Kanwal™?, J. Carlos Santamarina 2, Xianlai Zeng *,Jinhui Li !

1 State Key Joint Laboratory of Environment Simulation and Pollution Control, School of
Environment, Tsinghua University, Beijing 100084, China.
2 Ali I. Al-Naimi Petroleum Engineering Research Centre, King Abdullah University of Science
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N Y = Panel data from East Asian nations (such as
SUSTA| NABLE China) can be utlized to evaluate the
DEVELOPMENT generalizability of the results.

Gé‘“f‘ALS = Again, governments should establish
L Environmental, Social, and Corporate

Governance to find efficient, cost-effective,

— - The correlation between EKC and and investment-worthy waste utilization
I : recycling potential indicated a downward sources.
I (py trend showing China is moving toward . Along with technological advancements, this
I'S | decoupling. By expanding  holistic will cut waste emissions and stimulate
I'o 1 utilization, the Chinese vision for 2030 economic growth.
:8 : advocates for decoupling economic growth  « This approach has increased industrial
1 » , and zero poliution (Circular Economy). resource efficiency, resulting in a 50%
I, Most cities should develop a centralized reduction in industrial energy intensity
L — s industrial solid waste management system throughout the 1990s.

to combat the inevitable reduction in

decoupling efficiency. BT e o A o
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== = The EKC hypothesis and 207 Inverted N-shaped|
I = : decoupling analysis are both e
| @D | effective methods for studying 15 s
: > sustainability evaluation.
: 8_ I = To our knowledge, China has never 2 10 Inverted U-shaped
1o | done national-level research - iy
Icg : examining the industrial waste 5.
< generation inside the EKC Lﬁ
L _.  framework. [ _ 5

= We shall address this lacuna in the 0 1
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Figure 2: Environmental Kuznets Curve (EKC) and
decoupling index of industrial waste emissions and
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Figure 1: The pattern of decoupling between industrial
waste emissions and GDPPC(US$%)

" Global attention has shifted substantially from natural mining to urban mining as a result of
escalating resource shortages and environmental damage.

This study's industrial waste EKC calculations could influence Government Industrial Waste
Management Policies.

Thus, this Decoupling diagram can help create an industrial waste management finance
system.

The Funding Scheme would charge industrial waste management and pay funds to qualified
recyclers.

Email: baihl8@mails.tsinghua.edu.cn m https://www.linkedin.com/in/qudsia-kanwal-b75776210/
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Direct Critical Metal Footprint of the UK Households

Xlaocheng Hu, Xiaoyu Yan

Introduction Results
* Critical metals (CMSs), such as cobalt, indium, lithium, palladium,
tantalum, and rare earth elements (REES), suffer from significant global

Nickel Tin Magnesium Tantalum
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s
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|

supply risks due to their vulnerabilities to economic shocks. § ﬁﬁiwwﬂw g HHHHHHHHHH g UUHHHHHHHH WL

* In the absence of a closed-loop recycling system, most metal-rich
electrical and electronic equipment (EEE) would end up in landfill or
waste incineration plants, causing significant environmental impacts as

25
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- | —
- | —
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111 SR AT
more energy and materials are needed for manufacturing new EEE. E T ] - Neoamim _ ] Yitium
» Waste EEE (WEEE) usually contain a significantly higher concentration * HHHHHHHHHH HHHHHHHHHH “ iiiﬂwww “ UHHHHHHHHH
of metals (including both common metals and CMs) than naturally O,
occurring ores, offering a great opportunity for sustainable sourcing. | N
:‘ Lt | sttt | onond 00N
« UK is one of the largest WEEE producers in the world, generating 23.9 kg I I I
per capita annually. e e

* In this study, we quantify the annual direct critical metal footprint (CMF) Eig- E | %':j/'zof Vl/hEEE diS]POSG_d of :OytLr:K housezo'lds_betwe%” 2011 and 2N02t0-th
- - e La a IS tne Sum ot certum, lanthanum, gadaotintum, and samarium. NoOte tne
of UK households during 2011 and 2020, defined as the amounts of CMs Tt e :

: : _ different scales of the y axes.
contained in the EEE products purchased, owned, and disposed of by UK . .

households.
Methodology
5 5 Bl 2.1 —
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pl'OdllCtS materials fOI’ pI'OdllCtS fOOth'int —Au — Ni — Ag T Ta ~— Sn 0 Large appliances
—Pd — Co Li — In — Nd 0 1T, audio, and video equipment
M -—— Y —— Ce Pr La Eu 0 Small appliances
U . f d . T —— Dy —— GId —— Sa - Mg 1 Electrical and electronic tools and fittings
nits of products n

use and disposed of Fig. 3| The global warming impact of CMs contained in purchased EEE by (a) metal
and (b) EEE - the share of each EEE group in each year.

Fig. 1 | An overview of the methodology, with rectangles showing the input parameters and ovals
showing the outputs.
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« Family Spending in the UK and Consumer Price Inflation Item Indices ieieesill | sesgaifBil | amnnntilll HHHHHHHHHH
and Price Quotes (both published by the Office for National Statistics) are s - % BN RN aee
used as the main data for household spending and price per product. d - H o
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* The lifetime of each EEE is assumed to follow a Weibull distribution. s T B T .

* Bill of materials (BOM) data are primarily extracted from the Ecoinvent HH HHHHH e i N 20 p

. : ( ) p. 4 N DDDDDDDH N HHH% NN | FTTTTTTT . UDD ===== [
life-cycle inventory database (version38). T T T saneale—— —
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* The average mass of each EEE is collected from online sources including J lllllll 11 J luuinsnnal ] HHDDQQQQDD ﬂ HHDDD____O%@P

Amazon, Arg 0S, and Reuse Network. SRR ST R SRR
] [  Large appliances [ IT, audio, and video equipment
Botton line: Our analysis provides new insights for researchers, ety rmdectonztols g md cqspmen

governments, industries, and the general public to understand the

; - - - Fig. 4 | Economic value of individual CMs contained in UK household WEEE
importance of CMs as well as the potential environmental benefits and 'g. 4 | Economic value of individual GMs contained in UK household by

different EEE groups. Note that the 2020 CMF is estimated by the price of each CM in the

economic opportunities in making these high value CMs more circular. first quarter of 2022. Bar charts present the share of each EEE group in each year.
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From the stock of Lithium batteries at the end of their life : direct recycling of active materials for reuse in batterie design

M. Bolmont), T. Ouenéche!®, F. RabuelMl, M. Morcrette™, N.Adibi®, K.Luu?, A. Wattelier®, N. Recham(!) and C. Guéry(®)
(1) Laboratoire de Réacticvité et Chimie des Solides, Hub de I'Energie, UFR des Sciences-Université de Picardie Jules Verne, 15 rue Baudelocque, 80039 Amiens cedex — France
(2 WelLoop, 254 rue du Bourg, 59130 Lambersart — France
(Contact : claude.guery@u-picardie.fr)

Why recycling battery-active materials?

= Battery market development
= Demand increasing of
Battery active materials
(NMC, LCO, LFP, ...)

‘Electncal mobility development

G-_-zna

»>Raw materials

Declining availability, increasing of their

costs

>Batteries at end of life

Increasing of stock

Need for recycling

Transitions metal base-materials

Direct recycling process without destroying

Raw materials (i.e. metallic salts) Life Cycle Analysis
Environment impact
/ 1. From batteries at end of life to spent materials \
Spent materials Component separation Diagnostics
Cthe material : NMC 811 Anode material : graphite
Aged/used ceII Solvent process ;

Cell opening, solvent cleaning

Successive sieving

Aluminium

NMC 811, Graphite

811 cor
e dphtuict

TTE R T g e e s

capdbue 125,

Hli mMn ®Co ENi

1

NMC 811 (ref.) Aged cathode

Black Mass (BM)
\(industrial origin)

v Preserved structure
x Preserved but degraded morphology
% Lack of lithium element

x Degraded electrochemical capacityJ

/ 3. Which environmental impact : Impact life cycle analysis N\

From scientific datas to modelisation

-Database : Ecolnvent 3.8
-Cut-Off method

recommendations of the
European community

Two strongest impacts How to reduce these impacts ?

Large scale modeling
] Consumables : closed loop / 10 uses

s

(A) (B) (C) D
- approx. 80-90% gain when optimized -

» Impact of solvent uses

Cathode (A)
Cleaning of fluorinated salts ® Optimized

B Non optimized

Cathode (B) : Separation
Current collector-active material

{ ]
1 I
: l = - [ | Benefice of direct recycling
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+Waste status end

» Impact of gaz uses

Cathode (C)

Crédits

Anode (D)

1 E .
€ E

Real Impacts

Credits > Impacts

W Crédits ® Impacts

=>» Bénéfices for direct recycling

/ 2. Direct regeneration
= Relithiation of cathode materials : Thermal treatments with lithium precursor

N

under air

e «to recycle a 40 g-18650 type cell by direct recycling » NMC 811 from
L. i Tools ' 18650 spent cell
- % Bl -EF 3.0 method Indicators and methods in

'$§m -Software : Sima Pro 9.3.0.3 line with the T
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4. Conclusions
irect recycling of battery active materials : demonstrated at lab. scale from

O Impact Life Cycle Analysis :

- Strong impacts related to solvent and gazes uses

- direct recycling direct recycling can be promising improving for example the uses
of consumables (to reduce the loop, to increase the number of uses

\

18650 unit cell and industrial black mass using thermal treatment under air and

600°C - 3h

4

Qincourage "process and life cycle analysis" links
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“Institute for Intelligent Industrial Systems I3S, Bern University of Applied Sciences, Burgdorf, Switzerland
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Abstract

Sustainable electric mobility is only possible if the traction batteries are recycled in a closed loop. To achieve recovery rates of over 90 %, it is
necessary to recover materials from the batteries that have not been considered so far. Two of these materials are the organic solvents of the
electrolyte and the graphite of the anode. In this contribution we consider possible processes, and associated difficulties, for the recovery of
these materials.

State-of-the-Art Large Scale Recycling Librec Project

Till today, the biggest scale lithium-ion battery recycling plants are In this Innosuisse project (Swiss research funding agency) the Bern
based on pyrometallurgical and hydrometallurgical processes. This University of Applied Sciences and Librec AG are developing a recyc-
is highly scalable, but materials like the solvents from the electrolyte ing process for EV batteries located in Switzerland. The process is
or the graphite from the anode are not or only with high impurities nased on the research project LithoRec from Germany. We aim to
recovered on a material basis. Thus, a lot of research effort is invested improve the process in following areas:

to develop new processes and improve existing ones. o .
P P 5 Optimized deep discharge

Most research focus is on using mechanical separation techniques
instead of smelting the cells in a reactor. The LithoRec process from
Germany successfully addressed the steps mechanical comminution Recovery of the electrolyte solvents
and separation. However, there are still open questions about the
recovery of the electrolyte and graphite.

Partially automated disassembly of EV packs to modules

Recovery of graphite before the hydrometallurgical step

Recovery of the Electrolyte Solvents

The electrolyte solvents are recovered after thermal drying. The
resulting condensate is contaminated with decomposition products
formed during battery use and during thermal drying.

To purify the solvents, a vacuum distillation was performed. The feed
is shown in the top left picture. After the distillation, we have the two
fractions 1 (top right) and 2 (bottom left). The remaining liquid is the
sump (bottom right).

GC analysis showed that unwanted compounds, including fluoride,
accumulate in fraction 1 and in the sump. Fraction 2 only consists of
clean electrolyte solvents.

Recovery of Graphite

During the pyrometallurgical step, graphite is reduced to CO, or used
as reducing agent. In hydrometallurgical processes, graphite is either
reduced to CO, in the pretreatment step, or remains as solid residue
after filtration. The novel methods aim to mechanically separate the
graphite from the metal oxides before this step. The challenge lies in
engineering a process with high enough selectivity.

Three possible graphite recovery methods are investigated: flotation,
magnetic separation and centrifugation. Flotation and the Falcon
centrifuge show promising results and are investigated further.

The pictures on the right show the laboratory-scale Falcon centrituge
and the resulting separated black mass.

School of Engineering
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