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Supply chains

Definition

Network of all activities and stages
that a product undergoes from the
processing of raw material resources it
requires until it reaches the final user.
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https://en.wikipedia.org/wiki/Supply_chain#/media/File:Supply_and_demand_network_(en).svg

/—~| Figure 1 — Forecast of battery demand globally from processed raw materials [ki]
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https://rmis.jrc.ec.europa.eu/analysis-of-supply-chain-challenges-49b749
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Supply chains

Characterization
No single indicator, not very standardized
Micro-level: traditional issues

Service (customer facing perf.)

Customer satisfaction

Time & speed (flow eff.)
Responsiveness, agility

Inventory & capacity (stock health)
Availability vs excess stock

Finance & cash-flow (economic health)
Profitable, capital efficient

Transportation & logistics
Bottlenecks and cost drivers

Planning & demand (predictive quality)

Inventory swings, delays

Source [1]: Global Supply Chain Pressure Index (GSCPI) - FEDERAL RESERVE BANK of NEW YORK

Source [1]


https://www.newyorkfed.org/research/policy/gscpi#/overview
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Characterization
No single indicator, not very standardized
Micro-level: traditional issues

Source [1]

Customer satisfaction

Macro-level: growing issues

Responsiveness, agility Sustainability and ESG

environmental, social, governance

Environmental and social impact

Availability vs excess stock + CO2 emissions (Scope 3)
»  Supplier complieance
* Resource ussage (water, energy)

Profitable, capital efficient

Resilience and disruptions

Shock handling, not routine efficiency

Bottlenecks and cost drivers
+  SC flexibility & adaptability
*  Supplier risk / diversification
. (e.g., single-source exposure)
Inventory swings, delays «  Exception rates / disruption frequency
* Time to recover (TTR)

Source [1]: Global Supply Chain Pressure Index (GSCPI) - FEDERAL RESERVE BANK of NEW YORK



https://www.newyorkfed.org/research/policy/gscpi#/overview
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Characterization
* No standard indicators

Sustainability and ESG

« CSDDD: corporate sustainability due diligence directive & CSRD:
corporate sustainability reporting directive

- Only applicable to some companies (e.g. large nr. of employees
and turnover)

* Forced Labour

» Deforestation

» Carbon Border Adjustment Mechanism:
e.g. 10-50 € /unreported ton

- DPP: digital product-passport

Page 10

Source: Navigating the ESG Regulatory Landscape, Stand: June 2025



https://www.youtube.com/watch?v=x51FnnBLR0Y
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Characterization
* No standard indicators

Source [1]

Resilience and disruptions

* Global Supply Chain Pressure Index (GSCPI)
“The GSCPI integrates transportation cost data and manufacturing
indicators to provide a gauge of global supply chain conditions” [1].

-> real-time proxy for systemic supply chain risk
- Macro-level SC indicator

Includes indicators from following realms:
* Delivery time: extent to which supply chain delays in the economy impact
producers
« Backlogs: volume of orders that firms have received but have yet to either
start working on or complete; and, finally,
* Purchased stocks: which measures the extent of inventory accumulation
by firms in the economy.

Page 11

Source [1]: Global Supply Chain Pressure Index (GSCPI) - FEDERAL RESERVE BANK of NEW YORK



https://www.newyorkfed.org/research/policy/gscpi#/overview
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Characterization
* No standard indicators

. Global Supply Chain Pressure Index (GSCPI)
Delivery time: extent to which supply chain delays in the economy impact
producers
« Backlogs: volume of orders that firms have received but have yet to either
start working on or complete; and, finally,
* Purchased stocks: which measures the extent of inventory accumulation
by firms in the economy.

Latest Update March 2026

Enter a date range to see monthly estimates or use the slider below to view a specific date range.
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Source: Global Supply Chain Pressure Index (GSCPI) - FEDERAL RESERVE BANK of NEW YORK



https://www.newyorkfed.org/research/policy/gscpi#/faq
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Source: Pehlken, Strategisches Management. Slide Set. Universitat Osnabriick (modified)
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Challenges and Opportunities

Analyse
interactions and
main drivers

SWOT
analysis

Identify influential Describe future/

Scenarios

factors possible trends

Globales //
Umfeld s
1
-
Szenario 1:
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/ / '/ heute sich alles um dpLol:o‘:,I:T
= =
ﬁ( ; — '-'
e P <
heute

Branchenumfeld Branche

Tech. innovation Dependency on crit. materials
Global scope Complexity & Intransparent Supply chains
Reputation & sustainability Costs of sust. measures
Standardized processes Lacking Flexibility
Opportunities Risks
Circular economy & Recycling Geopolitical Risks
New laws as compartive advantage Global warming
Tech. Innovation Regulations (CS3D,...)
Page 14 Aware consumers Greenwashing claims

Source: Pehlken, Strategisches Management. Slide Set. Universitat Osnabriick (modified)
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Challenges and Opportunities
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Source: How to develop a Supply Chain Strateqy? | Operational Excellence Consulting LLC



https://www.operational-excellence-consulting.com/opex-articles/how-to-develop-a-supply-chain-strategy
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Concepts coming closer

CIRCULAR;
Cradle to cradle

Processing/Refining Catllj*urc;cétz gl;f_lsAnode athodes and Anodes Battery Cells Battery Packs

Primary Raw Processed/Refined Processed/Refined
WEICHEIS Raw Materials Raw Materials

CLl——J

Source: https://rmis.jrc.ec.europa.eu/analysis-of-supply-chain-challenges-49b749

Components Assemblies Assemblies
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https://rmis.jrc.ec.europa.eu/analysis-of-supply-chain-challenges-49b749
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From linear to circular supply chains
Product during lifetime

Service vs. product

THE CIRCULAR ECONOMY AN INDUSTRIAL SYSTEM THAT IS RESTORATIVE BY DESIGN

Soil
restoration

I Leakage - to be minimised

Landfill

1 Hurting and fishing
2Can post and ingut
SOURCE: Ellen MacAnthur Foundation Circular econolmy 1eam

Sources: Ellen MacArthur Foundation (http://www.ellenmacarthurfoundation.org/circular-economy/circular-economy/interactive-system-diagram)
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Source: Pehlken, Strategisches Management. Slide Set. Universitat Osnabriick (modified)

Waste
management cycle
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Circular economy

From linear to circular supply chains

Product during lifetime

THE CIRCULAR ECONOMY AN INDUSTRIAL SYSTEM THAT IS RESTORATIVE BY DESIGN

. Mining/materials manufacturing

Material/parts manufacturer

Lo

Product manufacturer

oo

Retailisarvice provider

J L

Technical materlals

Biochemical
feodstock

Service vs. product

-

~N

Product

management cycles

Coscades

i Leakage — to be minimised

1 Hurting and fishing

2Can POET: and il
SOURCE: Ellen MacAnhur Foundation circular economy 1eam

Sources: Ellen MacArthur Foundation (http://www.ellenmacarthurfoundation.org/circular-economy/circular-economy/interactive-system-diagram)
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Source: Pehlken, Strategisches Management. Slide Set. Universitat Osnabriick (modified)
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Digital Product Passport
Compulsory in Feb. 2027
Includes great amounts of data in the different life-phases of the battery

-
@32023 PATTERER Supply Chain and Production Usage End-of-Life

G
2026( 2027 EISEN UND STAHL
—

—~
G{_)ZS 2027 | TEXTILIEN

N
@ZL 2028 | ALUMINIUM Recyded Water use and Resource use and Upgradability Possibility of
- content efficiency efficency recydling

fi th)

2027|2028 | REIFEN

Generation of Erwironmental Possibility of

~
@2? 2028 | BAUSTOFFE /-PRODUKTE
waste materials Footprint Materials recovery

_

202_7/2028 ELEKTRONIKPRODUKTE

20282029 ] MOBEL
substances of

2028(2029) UMWELTFAHRZEUGPASS concem

Maintenance and Possibility of
refurbishment Remanufacturing

~
@28 2029 | UNTERHALTUNGSELEKTROMIK
_

203012032 | KREISLAUFFAHRZEUGPASS

Tm Erwarteter delegierter Rechtsakt je
Produktgruppe
Erwartete verpflichtende Umsetzung
200X - .
von Péssen fiir Unternehmen
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Source: FhG-IPK. Whitepaper: Strategien fur Unternehmen zur Umsetzung von digitalen Produktpassen.
Digitale Produktpésse (DPP) entlang des Lebenszyklus - Fraunhofer IPK



https://www.ipk.fraunhofer.de/de/medien/markt-trendstudien/digitale-produktpaesse-dpp-entlang-des-lebenszyklus.html
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DPP

Battery Regulation:
Battery Passport mandatory from
18 Feb 2027 for:

— Electric vehicle (EV) batteries;
— Light means of transport (LMT)
batteries;

— Industrial batteries > 2 kWh.

Responsibility:

— Economic operator! placing the
battery on the market

— Indirectly: suppliers

Page 22

Digital Battery Passport

Compulsory in Feb. 2027

Digital Battery Passport DPPs in the EU Objectives of DPPs

Ecodesign for Sustainable Products
Regulation (ESPR) sets the technical
framework + several other legislations
include DPPs

Single Market Strategy:

*  “The EU needs a paradigm shift
from a document-based
to a data-based Single market [...]”

* DPP will become the main tool
across all future product
legislation

. M’ SZ41621956
.

QEm
CH

Source: BatteryPass-Ready Project Presentation-1.pdf

Drive digitalisation in B2B,

% B2C and B2G (incl. burden

reduction)

~n, Enable shift from linear to
cd—‘ circular business models

m Support sustainable and
transparent value chains

- Much more than compliance


https://thebatterypass.eu/wp-content/uploads/BatteryPass-Ready_Project_Presentation-1.pdf
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Digital Battery Passport

Compulsory in Feb. 2027
Includes great amounts of data in the different life-phases of the battery

Labels and conformity Supply chain due diligence Circularity & resource efficienc
Battery
Pass @  Symbols and labels B  Due diligence report ¢y  Recycled content shares
Battery ID: 0101010 g Meaning of labels & symbols 5% Manuals for removal,
Battery passport ID: 1111010 Materials & composition disassembly, dismantling
Responsible economic operator Declaration of conformity
A Component part numbers &
e : Hazardous substances s i i
pare parts information
Identifiers & product info Compliance of test results In!:egrated
L . &  safety measures/instructions in test
Manufacturing info $ Battery chemistry
procedures

(identity, place, date) Carbon footprint Performance & durability
& Critical raw materials

Carbon footprint (5 metrics) . . Al Capacity, energy, power, SoH
= Materials used in cathode,

anode, electrolyte

Battery category ﬂ

Battery mass ® Weblink to CF study Expected lifetime

Battery status A CF performance class — % Negative events

Supported by

| fescvimn,
forEconamic Ay
and Energy
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Source: BatteryPass-Ready Project Presentation-1.pdf



https://thebatterypass.eu/wp-content/uploads/BatteryPass-Ready_Project_Presentation-1.pdf
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Drivers — Demands
« Exponentially growing: 14 million new EV in 2023! (35% more than 2022)

« Until ca. 2035 recycling for scrap from production

Global electric car stock, 2013-2023 Open &

40

f _ EEN

0 T ! T T T T T T
2013 2014 2015 2016 2017 2018 2018 2020 2021 2022 2023

IEA. Licence: CC BY 4.0

© ChinaBEV © ChinaPHEV @ EuropeBEV O Europe PHEV O United States BEV O United States PHEV O Rest of the world BEV O Rest of the world PHEV
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Source: https://www.iea.org/reports/global-ev-outlook-2024/trends-in-electric-cars



https://www.iea.org/reports/global-ev-outlook-2024/trends-in-electric-cars
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Drivers — Demands
« Exponentially growing: 14 million new EV in 2023! (35% more than 2022)
« Until ca. 2035 recycling for scrap from production

Electric vehicle battery demand by region, 2016-2023 Open &

300
2
: ﬁ i
20 2019 2020 2021 022 2023

@ China @& Ewrope @ United States @ Rest of world
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Source: Trends in electric vehicle batteries — Global EV Outlook 2024 — Analysis - IEA



https://www.iea.org/reports/global-ev-outlook-2024/trends-in-electric-vehicle-batteries#battery-supply-and-demand
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Drivers — Demands
Exponentially growing: 14 million new EV in 2023! (35% more than 2022)

« Until ca. 2035 recycling for scrap from production

Global trade flows for lithium-ion batteries and electric cars, 2023

China — China: 417.97 GWh

China

China

Eul
E /
pe
— —
-~ . )
erica _—— North America

) North Ameri
North Ameri
— — l - —
Ban —— JapaEn — = Japam
South Korea
Rest of world Rest of world
Battery Production Registratiol
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Source: Trends in electric vehicle batteries — Global EV Outlook 2024 — Analysis - IEA



https://www.iea.org/reports/global-ev-outlook-2024/trends-in-electric-vehicle-batteries#battery-supply-and-demand
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Recycling
Drivers — Demands
« Exponentially growing: 14 million new EV in 2023! (35% more than 2022)
* Until ca. 2035 recycling for scrap from production
« 2030: 1.2 Mio. Batteries retired each year (chacana-ciivares et al. 2025)
« 2040: 14 Mio. Batteries retired each year (chacana-olvares et al. 2025)
- Recycling to supply main battery properties
- Flexible battery process design

Recycling e

Second-life

applications
Raw materials
a?fa'u"c'ﬂlf:? o Collection
& Refining "9 and
sorting
Battery cell Landfill
manufacturing

First-life
applications

manufacturing

Source: Chacana-Olivares et al. 2025. Lithium-ion battery recycling: a perspective on key challenges and opportunities. Materials
Sustainability. NPJ. https://doi.org/10.1038/s44296-025-00083-7



https://doi.org/10.1038/s44296-025-00083-7
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Drivers — Demands and composition

« Different battery chemistries and properties (energy densitiy, lifetime,...)

Share of battery capacity of electric vehicle sales by chemistry and region, 2021-2023 Open &

%
100 -
5 2 £ 5
= =1 o =
o o g 3
w
=
@
2
80
60
40
20
0o T T T T T T
2021 2022 2023 2021 2022 2023 2021 2022 2023 2021 2022 2023

IEA. Licence: CC BY 4.0

@ Low-nickel @ High-nickel © LFP

Source: Trends in electric vehicle batteries — Global EV Outlook 2024 — Analysis - IEA
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https://www.iea.org/reports/global-ev-outlook-2024/trends-in-electric-vehicle-batteries#battery-supply-and-demand
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Drivers — Demands and composition

 Cost concerns!

Battery price index by selected region, 2020-2023 Open @

Index (China = 100)
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)
170
[°)
160 °
°
150
140 o
)
130
o ° o
120 @
10 ®
[°)
100 &) o [°) )
90 T T T 1
2020 2021 2022 2023

IEA. Licence: CC BY 4.0

@ China @ AsiaPacific © NorthAmerica @ Europe

Page 30

Source: Trends in electric vehicle batteries — Global EV Outlook 2024 — Analysis - IEA



https://www.iea.org/reports/global-ev-outlook-2024/trends-in-electric-vehicle-batteries#battery-supply-and-demand
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Potential — Materials, processes and costs
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Source: RMIS - Lithium-based batteries supply chain challenges



https://rmis.jrc.ec.europa.eu/analysis-of-supply-chain-challenges-49b749
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Potential — Materials, processes and costs

* Recycling potential accelerates steeply after 2030

* Right now mainly scrap available

Waste batteries compared to battery demand from EVs & ESS

= Battery demand from EV & ESS = End-of-life EV batteries  End-of-life ESS batteries = Production scrap

GWh
2000
1500
1000
500 [ ]
—
——
—
—]— ...
—
0__———---——----
™ % © A % o ) A O % ™ o © A % 9 o
o o o q 0 W o5 % ) 5 & o5 o & o 5 =
F PSS S EF S S

Source: T&E analysis
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Source: From waste to value: the potential for battery recycling in... | T&E



https://www.transportenvironment.org/articles/from-waste-to-value-the-potential-for-battery-recycling-in-europe
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Recycling

Potential — Materials, processes and costs

The volume of recycled lithium from scrap is projected to peak around 2030 and then
stabilize as gigafactories reach full operational efficiency.

Recycled lithium to meet about 11% of demand during 2030-2035, increasing to 23% by
2040.

Recycled material from end-of-life batteries and production scrap relative to
demand
Lithium

= Recycled lithium as % of demand = Recycled lithium from Eol batteries = Recycled lithium from scrap

kt LCE % of demand
200 100%

150

100
5

T 1L '.I.I
; o

© A So) )} Q N
v % f]/ v %) %)
> P P

Source: T&E analysis := T&E

Source: From waste to value: the potential for battery recycling in... | T&E
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https://www.transportenvironment.org/articles/from-waste-to-value-the-potential-for-battery-recycling-in-europe
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Recycled material from end-of-life batteries and production scrap relative to
demand
Cobalt

Recycled cobalt as % of demand = Recycled cobalt from EoL batteries = Recycled cobalt from scrap

% of demand
100
80%
60°
40%
a° Ao AN e o D o oV o] o oo ol Al o D =
D T . S S S
Source: T&E analysis .:T E
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Potential — Materials, processes and costs

+ By early 2030s, recycled nickel is expected to cover 12% of demand, its share relative to
demand is expected to increase to 16% by 2035 to 28% by 2040.

» Cobalt: expensive, ethical concerns, depletion and geographical concentration >
displacement to Ni-rich chemistries (Co-poor)

Recycled materials: targets vs. forecast
Nickel

= Minimum recycled content required by the Battery Regulation - Nickel recovered from recycling

% of demand
30%

25%
20
15%
10¢
5%
0%
A ) © & A AN W ) = o) ‘o A\ ] o
£ S S ST S S
Source: T&E analysis ;:T E

Source: From waste to value: the potential for battery recycling in... | T&E



https://www.transportenvironment.org/articles/from-waste-to-value-the-potential-for-battery-recycling-in-europe
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Potential — Materials, processes and costs

* Manganese: lower cost alternative than Ni, and Co. But difficult to process (purity)
» Higher recycling rates possible (>95%)

Recycled material from end-of-life batteries and production scrap relative to
demand
Manganese

= Recycled manganese as % of demand = Recycled manganese from EoL batteries * Recycled manganese from scrap
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Source: T&E analysis :: T&E

Page 35

Source: From waste to value: the potential for battery recycling in... | T&E



https://www.transportenvironment.org/articles/from-waste-to-value-the-potential-for-battery-recycling-in-europe
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Potential — Materials, processes and costs

* Manganese: lower cost alternative than Ni, and Co. But difficult to process (purity)
« Higher recycling rates possible (>95%)

Evolution of battery chemistry mix for EVs and ESS

@ NMC = NCA = LMR-NMC = NMCA = eLNO & NMO = LFP = | MFP @ Na-ion
100

Low Nickel 80

40

ngh Nickel 20

0

2025 2030 2035 2040

Source: BloombergNEF, T&E analysis 3 T&E
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Potential — Materials, processes and costs

End-of-Life batteries and scrap from battery gigafactories in Europe have potential to
provide 14% of all lithium, 16% of nickel, 17% of manganese, and a quarter of cobalt
demand by 2030 already.

* These materials will be enough to build between 1.3 and 2.4 million EVs locally in 2030,
up to 10 min in 2035, and up to 15 min EVs by 2040.

Potential BEV production from recycled materials in Europe
Recycled material used to produce electric cars

2030 2035 2040
Million cars Total electric car sold Total electric car sold in
. Europe 16.3
in Europe 15.8

15

Total electric car sold

CO2 saving of recycling lithium in Europe compared to
10 n Europe 9.6 extracting it in Australia and refining in China

5 44%
C of recycling capacity that has been announced for Europeis on
1.3 m H hold or uncertain to go ahead
, 1 i ==

e . & N e . & N
i R e o R o
2"

R Y- Y A
o S
e

O

Source: T&E analysis * Assuming a medium electric car with 74 kWh battery capacity -
Scope: EU, UK, Norway and Switzerland — T&E
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Potential — Materials, processes and costs

* Lithium: 2/3 from sprodumene (hard metal mining), 1/3 from brine (salt-deserts)

« Cobalt: mainly RDC (recently Indonesia!)

* Nickel: currently mainly sulphide ores (Canada, AU), but also ever more laterite ores
(tropical regions, high environmental impacts!)

 Manganese: mainly from South Africa, recovery rates increasing (batt. Chemistries)

Mines replaced through recycling

2030 = 2040

Number of mines replaced

4

Recycled manganese Recycling nickel Recycled cobalt Recycled lithium

Source: T&E analysis, Benchmark Mineraks Interlligence + Average mine size assumptions: 45 kt LCE annual output for —= T&E
lithium, 42 kt for nickel, 5 kt for cobalt and 35 kt for manganese. -
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2050 2050
.
Potential — . "
50 2
a0 I //7)//.,_
O_,)f—*”_fi_ﬁ_ 7_7_ 5 /-/'/;filhuul recycling
o —— Without recycling e

Lithium mining requirements

‘Copper mining requirements 05
10
o T T T T T T 0T T T T T T T
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050
IEA. Licence: CC BY 4.0 IEA. Licence: CC BY 4.0
© Copper mining requirements O Without recycling @ Lithium mining requirements O Without recycling
Nickel: mining requirements in the Announced Pledges Scenario, 2020-2050 Open 2 Cobalt: mining requirements in the Announced Pledges Scenario, 2020-2050 Open &
Mt Mt
8 600
500
.
= Without recycling without recycling
400
4 300
Nickel mining requirements 200
Cobalt mining requirements
2
100
T T 1 T T T T ) T T T T T T
2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050
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Source: Executive summary — Recycling of Critical Minerals — Analysis - IEA
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Potential — Materials, processes and costs

Main challenges: project complexity and high capital and operating costs in a still-
developing market

Almost half of Europe's battery recycling plans at risk

= Operating -~ Under construction = More likely = Less likely =» On hold

More lik
44% o

Source: T&E analysis, Circular Energy Storage * Based on total capacity of 781 kt batteries equivalent by 2030
(November 2024 assessment). Analysis does not include the expansion of Umicore Belgium project, which is
planned for 2032

Page 41

Source: From waste to value: the potential for battery recycling in... | T&E

= T&E


https://www.transportenvironment.org/articles/from-waste-to-value-the-potential-for-battery-recycling-in-europe

Carl von Ossietzky

Universitat
Oldenburg

Recycling

Pyrometallurgy

Hydrometallurgy

“ Pyrometallurgy

/oo“.

Incorporation of reducing
agents and/ or materials
for slag formation

Pyrometallurgical
reduction

Hydrometallurgy
Spent Li-ion oe
battery Q. o F )
e T <E."_‘> - |
%) S l\_/
Mechanical Separation Acid
pretreatment leaching
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Overview of main processes

Main process, also followed by hydrometallurgy

CAPEX and OPEX costs are significant (electricity and labour):
- 14 $/kWh in Europe vs 11 $/kWh in China

Direct recycling
Factors Pyrometallurgy | Hydrometallu
Depleted NCM  Li,CO, y gy |y ey
powder Initial capital investment high low
i + — — - - :
! - ‘ & Q ‘ Relative energy requirements moderate high
D”’:ﬁi?lﬁ?l . afIds{:;i:frlzem e Rﬁ:ﬁi’;t\?;:.:\':e Primary waste products solids and air |liquids and solids

atbery Rate of chemical reaction high low
Production costs low intermediate
Hazirdons geses Level of separations low high
- DOI: 10.1016/B978-0-12-803581-8.03609-2
- )

_._.“

Precipitation Recovered salts

Source: DOI: 10.1002/idm2.12041, Hydrometallurgical Battery Recycling Plant Quotation - Guanma Machinery
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Recycling
Overview of main processes

Pyrometallurgy

battery

“ Pyrometallurgy

Hazardous gases

—“.:‘,-&-

Incorporation of reducing Pyrometallurgical Sl Recovered
agents and/ or materials reduction 9 alloys
for slag formation

Source: Hydrometallurgical Battery Recycling Plant Quotation - Guanma
Machinery

Recovery rates for Ni, Co & Cu and
copper can reach 95%.

Li and Mn lost in the remaining slag
—> require additional processing
through hydrometallurgy, where
lithium recovery can exceed 70%.

Graphite from anode is typically
burned off

Source:The evolution of lithium-ion battery recycling. Ma et al., 2025. Nature Reviews,

https://doi.org/10.1038/s44359-024-00010-4



https://www.guanmamachinery.com/hydrometallurgical-battery-recycling-plant-quotation/
https://www.guanmamachinery.com/hydrometallurgical-battery-recycling-plant-quotation/
https://doi.org/10.1038/s44359-024-00010-4
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Overview of main processes
Pyrometallurgy

Hydrometallurgy
.00 i
*o e (1 ‘ &
VW e TS | c— —
Mechanical Separation Acid Precipitation Recovered salts

pretreatment leaching

Source: Hydrometallurgical Battery Recycling Plant Quotation - Guanma
Machinery
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Recovery rates of up to 95% for Co,
Mn, Ni present from the black mass.
Lithium recovery has also been
improving, on average up to 90% at
commercial scale, achieving even
95%

Efforts to target graphite recycling


https://www.guanmamachinery.com/hydrometallurgical-battery-recycling-plant-quotation/
https://www.guanmamachinery.com/hydrometallurgical-battery-recycling-plant-quotation/
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Recycling

Comminution (shredding)

Flexible recycling process design

Industry scale Currently: shredding

[
Most batteries currently

enter comminution and °
shredding processes.

In many recycling
processes, batteries

, are first discharged b
through brine .

Page 45

discharge or chmic
discharge.

mainly for scrap from production
Mixing all materials
Afterwards separating some of them

Applicable on all chemistries
Standard general procedure

Source:The evolution of lithium-ion battery recycling. Ma et al., 2025. Nature Reviews,
https://doi.org/10.1038/s44359-024-00010-4
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Flexible recycling process design

Disassembly (robotics, automation)

Alternative: disassembly route Laboratary acala
» Higher yield of material recovery :

. Laboratory-scale recycling processes focus on
e Recove ry at h|g her value state either disassembly of cells for cleaner

separation, or taking shredded material and
applying more advanced separation
techniques that are currently used by industry.

° Speciﬁc for battery Composition Disassembly at scale.cou_ld unlock different
b approaches to recycling in the future.

» Labour intensive

* Robotic disassembly in infancy state  Curenty the dismantling of battery

packs takes place at small scale. To be
economical at scale, the process

needs to be automated, but robotic
disassembly is challenging given the
variety of battery packs on the market.
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Source:The evolution of lithium-ion battery recycling. Ma et al., 2025. Nature Reviews,
https://doi.org/10.1038/s44359-024-00010-4
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Flexible recycling process design

Comminution (shredding) Gateway testing and triage Disassembly (robotics, automation)

Industry scale Laboratory scale

Most batteries currently
enter comminution and
shredding processes.

Laboratory-scale recycling processes focus on
either disassembly of cells for cleaner
separation, or taking shredded material and

Received batteries are applying more advanced separation
tested to determine tech niquebslthat arelcurre{:;ly uLseclj( Eyﬁindustry.
, which cells and modules Disassembly at scale could unlock different
I;;‘rg::l:ae g:;:cg::'t:ﬂes are suitable for repair, approaches to recycling in the future.
: - remanufacture, reuse or
[)—[) pmirmdecoed | o el on -
discharde or ohmic modules with no further Currently, the dismantling of battery
discharge economic use pass into packs takes place at small scale. To be
98 the recycling process. economical at scale, the process
needs to be automated, but robotic
disassembly is challenging given the
variety of battery packs on the market.
Page 47 Source:The evolution of lithium-ion battery recycling. Ma et al., 2025. Nature Reviews,

https://doi.org/10.1038/s44359-024-00010-4
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Recycling

‘Comminution (shredding)
Industry scale

Most batteries currently
enter comminution and
shredding processes.

In many recycling
processes, batteries

. are first discharged
through brine

discharge or ohmic
discharge.

Gateway testing and trlage

Received batteries are
tested to determine
which cells and modules
are suitable for repair,
remanufacture, reuse or
recycling. Cells and
modules with no further
economic use pass into
the recycling process.

Currently, the dismantling of battery

Disassembly (robotics, automation)
Laboratory scale

Laboratory-scale recycling processes focus on

either disassembly of cells for cleaner
separation, or taking shredded material and
applying more advanced separation

techniques that are currently used by industry.

Disassembly at scale could unlock different
approaches to recycling in the future.

packs takes place at small scale. To be

economical at scale, the process
needs to be automated, but robotic
disassembly is challenging given the

Pack variety of battery packs on the market. -
- The cell type,
Merusl d'sm‘:elmhw chemistry and pack
f*‘r’i"’fs :5’} atives configuration must be Digital blueprints,
gb:u s|a, 5 identified before a pack embedded sensing
rintensive. can be disassembled. and data exchange
= could aid the future
Eﬂ;sﬁ:ﬁliﬁeﬂ 4 autemation of
9 battery testing and
whole-pack disassembly.
shredding. .
wlluu_.—!_mul\ - diSB |T|b|.
shredding. 1 Y

Glues and adhesives used in
existing pack and module design
make automated disassembly
difficult. Considering end-of-life
when designing battery packs

Most packs are il

disassembled into
smaller units for
comminution in

smaller shredders. O could make batteries easier to
recycle in the future.
The complexity of L -
cylindrical cells Cell designs }mth
means that they planar materials
are best suited to Some recyclers (such as pouch,
comminution use thermal prismatic and
rather than pretreatment blade cells) lend
disassembly. before shredding. themselves to
cell disassembly.

)
L2 4

Anode  Separator Cathode

Techniques such
as shredding l
under water spray,

shredding in an
oxygen-free

Shredded material Adh d separation processes

environment, and
cryogenic
shredding are
used to remove
heat and reduce

Some laboratory-based
processes use shredded
material, which is the
dominant practice in
industry, but with advanced

Polﬁl"ler’lc

COmponents

Delamination

the _rlsk of ﬁre_ separation technigues to
during shredding. provide products with
sufficient purity to enable
Physical separation processes direct recycling. Binder removal and delamination process

{ == )

é 7 & 7 H

Electrolyte Polymeric  Mixed Copper  Aluminium

| } y }
Highly separated battery materials ‘ ’ ’ &

Electrolyte Cleanly Copper Cleanly Aluminium

shreds black shreds  shreds separated  anode separated  cathode
mass anode foils cathode foils
Page 48 material miaterial

Source: The evolution of lithium-ion battery recycling. Ma et al., 2025. Nature Reviews,
https://doi.org/10.1038/s44359-024-00010-4
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Comminution (shredding) Gateway testing and triage

Industry scale
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Most batteries currently
enter comminution and
shredding processes.

Received batteries are
tested to determine
which cells and modules
are suitable for repair,
remanufacture, reuse or
recycling. Cells and
modules with no further

Recycling

processes, batteries
s are first discharged
through brine

discharge or ohmic

discharge. economic use pass into

the recycling process.

% Pack
%\ n Mannal dizaceamhlv F & —I Th

« Battery design determines recycling success

be developed / adapted

a Pyrometallurgical b Hydrometallurgical

\ Leaching (<200 °C)*

ar

L/

* Production, pre- and post-processing processes need to

Black mass Crushed spent LIBs

(optional)

I Black mass
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Source:The evolution of lithium-ion battery recycling. Ma et al., 2025. Nature Reviews,
https://doi.org/10.1038/s44359-024-00010-4

Leachate and graphite
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Comminution (shredding) Gateway testing and triage
Industry scale

Carl von Ossietzky Most batteries currently

Universitat enter comminution and

shredding processes.

O | d en bu I'g R e C C I I n Received batteries are
tes_ted to determine
In many recycling which cells and modules

processes, batteries are suitable for repair,
A > remanufacture, reuse or
D —_— Q tar';?of:lr;:\%?i?\ga rged recycling. Cells and
discharge or chmic modules with no further

discharge. economic use pass into

the recycling process.

% Pack
%\ n Mannal dizaceamhlv F & —I Th

I Source: https://doi.org/10.1038/s44359-024-00010-4
« Battery design determines recycling success
* Production, pre- and post-processing processes need to
be developed / adapted

Discharging

[ Dismantling/Separation }—o Plastics, C, Al, Fe, Cu, others
|

v
[ Pyrometallurgy ] [ Hydrometallurgy ]
I Pretreatment I I Leaching I
Alcal
Incineration Pyrolysis ic ach ic ack e
yroly. Inorganic acid Organic acid Leaching
Slag 1 1 Waste
I Extractive metallurgy ] Purification - Separation ’
) _— Solvent Chemical ‘ Electrochemical
R |
oasting/calkcination Smelting extraction Precipitation Precipitation
T T
Metal salt/hydroxide
containing Co, Li, Mn, Ni,
Ni - Co - Fe Alloy J and/or Fe
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Source: Chacana-Olivares et al. 2025. Lithium-ion battery recycling: a perspective on key challenges and opportunities. Materials
Sustainability. NPJ. https://doi.org/10.1038/s44296-025-00083-7
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Sustainablility — Supply Chain Characterization

SWOT analysis (reloaded)
Challenges Opportunities

Technical Economic Technical @ Economic

* Advanced recycling

. i . ili e Growing market
Cgmplex desgn . Markgt voI.aFlllty. o8 PrGccsc inmovation e ?nater'als

* Diverse chemistries ¢ Scale inefficiencies « Eco-design el LLe [

e Costly processes e Underutilized capacity * Cost efficiency

. Materlal recovery

e Limited scalability * Regional resilience

' \ Ehé \
Q‘i‘; Regulatory ®.@ Social Q’ Regulatory % Social Q00

@ O @ B
» Digital passport * Formal Jobs

+ Global fragmentation * Labor risks + Extended » Workforce training

+ Waste classification * Informal recycling responsibility * Circular economy

» Trade barriers * Community impacts * Recovery targets

« Standards
harmonization
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Source: Chacana-Olivares et al. 2025. Lithium-ion battery recycling: a perspective on key challenges and opportunities. Materials
Sustainability. NPJ. https://doi.org/10.1038/s44296-025-00083-7
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Sustainablility — Supply Chain Characterization

Hierarchical approach

Supply Chain

Company 1 Company 2 Company »

[ ]\

L\

—

Environmental Social Economic
performance performance performance
Supplier . Sourcing Economic .
; CO, Corruption Environmental
environmental . . from local value
. emission risk . L cost
screenin; suppliers distributed
N J J\
A4 AV AY
e £ £ £ € £
|| e il 12 2 Iz || || L3

Sustainability indicators

--> Link to MCDM methods
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Source: DOI 10.1007/s10668-016-9853-0
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