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1 EXECUTIVE SUMMARY

D1.1 grant agreement description: The deliverable will catalogue the main Li-ion battery types and
cells/modules or production scrap and will provide the main data like the type of cells, the range of

state of health and charge, the electrical architecture, the chemistry, the dimension of module and

arrangement of the cells and the weight.

This catalogue of feedstock provides a comprehensive list of the materials that can be used by all
RESPECT project participants as input for the recycling process. It can serve as a reference to easily
identify the different type of waste that can be recovered and optimize recycling methods.

This catalogue is structured in three parts:

1)

Specification of materials for lithium-ion battery recyclers: Key specifications include physical
dimensions, weight, chemistry, electrical performance, the range of state of health and
charge, quality, suppliers etc. These specifications provide a standardized set of guidelines for
the utilized recycling methods. It enables the comparison of different products and allows for
informed decisions about which modules are best suited for the recycling process and which
modules will require some methodological adaptations. The objective is to be able to effi-
ciently treat the widest of variety of modules with the same approach. In addition, a similar
approach for the most efficient treatment of scraps are also considered. It should be noted
that the exact chemical composition of such storage components are difficult to identify due
to industrial confidentiality. Moreover, as improvements are regularly made to batteries to
increase their performance, therefore the chemical composition of batteries steadily changes
over time. Nevertheless, currently the main materials involved in the manufacture of lithium-
ion batteries are lithium, cobalt, nickel, manganese, and graphite - all of which have been
identified as materials with availability and environmental risks.

Future market intelligence: An overview of the market to comprehend the scale of quantities
that recyclers will have to process.

Materials treated via RESPECT project: This comprises a summary of the material needs. It
includes information on the type of materials, their sources, when they should be delivered,
to which partners, in which quantity and the treatment applied on it.
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2 MATERIAL DEFINITION AND SPECIFICATION

2.1 Modules
2.1.1 Definition: Battery Cell, Module or Pack. What's the difference?

The component constituents that make up the battery power source in an EV can be split into three
distinct parts: Cell, Module and Pack. Of these, the production of battery cells can be considered to a
largely chemical-based process that provides the essential elements for the next stages i.e., the me-
chanical assembly of the battery modules and packs, which make up the superstructure of an EV’s
“electric engine”. In simplistic terms, cell batteries act as a repository of reversible chemical reactions
that can store electrical energy and which can be charged or discharged depending on the require-
ments. Generally, battery cells are available in a host of different configurations depending on the
chemistry and intended application, although those used in the EV sector typically comprise of three
main types: cylindrical, pouch and prismatic. To harness the power of cells collectively and facilitate
subsequent vehicle assembly, battery cells are connected — either in parallel or series - to form mod-
ules with predetermined voltage and energy capacity requirements. These modules are finally en-
closed together along with some form of temperature control, sensors, and other battery manage-
ment system (BMS) electronics in a suitable configuration to form the power source for the desired
EV application like car, van, or bus [1]
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Figure 1 : Examples of three different battery packs and modules (cylindrical, prismatic and pouch cells) in use in current
electric cars [2]

The three designs — outlined in Figure 1 - examined are from model year 2014; this is based on the
availability of information from vehicle dismantling, and also as older model vehicles are the most
likely to be closer to end-of-life (EoL) than new cars just entering the market.
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2.1.2 Battery feedstock specifications

We gathered data on 30 different modules [3] put on the market in the last few years and that could
be available for recycling in the period 2025-2030. We have carried out a detailed analysis for each
modules’ key characteristics based on the mean, standard deviation, maximum and minimum of dif-
ferent categories. As the batteries are not standardized, the variability of module specification could
be very large, this catalogue should be considered as an initial draft based on existing technology. N.B.
In this case, Tesla battery modules have been excluded from this assessment as the number of cylin-
drical cells are very high (up to 500 cells per module). [4] [5] [6] [7] [8] [9] [10] [11]

Nominal | Capa- | Tension | Weight | Width(cm) | Height(cm) | Length(cm) | Num-

Energy city (V) (Kg) ber of
(Wh) (Ah) cells
Mean 5152 161.5 31.2 30.6 22.6 134 51.6 16.9
Stan- 3902 72.3 18.0 24.1 10.1 5.3 20.4 10.9
dard va-
riation
Max 12597 326.0 77.3 76.6 44.5 22.4 91.6 56.0
Min 861 62.0 7.6 3.8 8.2 3.0 30.0 2.0

Table 1 : Overview of the key characteristic from a sample of modules currently available on the market

2.2 Scraps definition

During the battery manufacturing process, several types of scraps of production are generated corre-
sponding to the different stages (Figure 2) and are detailed in the table below (Table 2).

Electrolyte
Cell assembly filling &
formation

Slurry Coating & Cutting
preparation drying

Calendering electrodes

e  The electrodes are cut

e d rodes are | orpunched into strips of ; wou
slurry is costed on the compressed by driving ' a desired shape

current collectors. them through two

massive cylindrical

Figure 2 : Manufacturing steps of Li-ion batteries [12]
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Main type of scrap

Cathode ink/powder

Description

NMC suspension or powder for cath-
ode production

Cell manufacturing process

Electrode manufacturing

Aluminium foil

Aluminum foil before NMC coating

Electrode manufacturing

Copper foil

Copper foil before coating

Electrode manufacturing

Cathode electrode

NMC coated aluminum foil

Electrode manufacturing

Anode ink/powder

Graphite suspension or powder for
anode production

Electrode manufacturing

Anode elecxtrode

Graphite coated copper foil

Electrode manufacturing

Stacked electrodes with separators

Dry stack . Cell assembl
¥ in between ¥
Battery cells with stacked electrodes,
Dry cells separators, and casing before elec- Cell assembly
trolyte filling
Complete battery cells includin
Wet cells P ¥ g Cell assembly

electrolytes before charging step

Charged cells

Complete battery cells after charging
(that have failed validation process)

Validation

Table 2 : Main type of scrap materials generated during the manufacturing process
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3 MATERIAL AVAILABLE ON THE MARKET

3.1 Eol modules expected for recycling
3.1.1 Cell structure
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Figure 3 : Cell type by major regions % of GWh produced 2021-2030 [13]

According to a 2022 study led by Christophe PILLOT from Avicenne, prismatic cells provide over 80%
of China's demand between 2021 and 2030. In contrast, by 2026 it is predicted that prismatic cells will
overtake pouch cells in Europe, whereas pouch cells will predominate over cylindrical cells in the US
market. Nevertheless, this is merely a forecast based on current trends, and therefore the data should
be critically analysed as the EV market can change rapidly.

3.1.2 Chemistry
To predict the chemistry available for recycling in 2025-2030, a more in depth analysis of historic mar-
ket trends during 2015-2020 is needed based on a battery life of about 10 years.

In 2015, LCO and NMC were the most common chemistries, with a global production of approxi-
mately 148 000 tonnes. In 2021, the global production of active cathode materials amounted to 1 263
000 tonnes, which mostly NMC (46.2%), followed by LFP with a market share at 28.9% and NCA at
11.9% (Wood Mackenzie 2021). As can be seen from the data displayed in Table 3, nearly all chemis-
tries — except for LCO - are predicted to show continued growth of at least 50% or more by 2030
compared with their respective 2021 production levels.

Cathode type  Unit 2015 2021 2025 2030 Production Increase
(2021-2030)

NCM kt 59 584 1702 2681 78%
LCO kt 44 114 149 149 23%
LFP kt 20 366 1268 1947 81%
NCA kt 15 150 219 359 58%
LMO kt 11 50 90 122 59%
TOTAL kt 148 1263 3429 5257 75%

Table 3: Predicted changes in different cathode chemistries production from 2015 to 2030 [14]
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A recent IDTechEx study [15] provides an alternative perspective. Currently and up until 2025, the
chemistries available on a global scale for the Li-ion battery recycling market will be dominated by LCO
and LFP batteries (Figure 4). This is a result of the fact that a majority of the Li-ion batteries reaching
end-of-life in the next few years come from a combination of consumer electronics (which mainly use
LCO batteries) and packs from electric buses in China (that are based on LFP batteries).

Nevertheless, beyond 2025 it is predicted that there will be a notable increase in the amounts of NMC
batteries becoming available for recycling as a direct result of the growth in EV sales from approxi-
mately 2010 onwards. However, the IDtechex study predicts only a small share for LFP in the batteries
available for recycling from 2025 onwards — with the exception of in China - which decreases thereaf-
ter. Thisis in contrast to the IEA's projections [16], which foresee a high production of LFP, and there-
fore a lot of end-of-life batteries using this technology. It may be speculated that LFP will play a role
in recycling throughout the 2030’s and that due to its poor recyclability in the state-of-the-art pro-
cesses, it is of great importance to develop routes for non-linear economy for this battery fraction.
NiMH batteries are considered as past technology in the electric vehicles (HEVs) and therefore not in
the focus of future battery recycling operations.

3.1.3 Quantity

As the anticipated mass adoption of electric vehicles continues with almost exponential growth, the
amount of higher energy density NMC batteries that require recycling is forecast to reach almost 7
million tonnes per year by 2040 (Figure 4).
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o =
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Figure 4 : Global forecast of available batteries - by chemistry - in tonnes up to 2040

As can be seen from Figure 5, from a European perspective, the trends very much follow the Global
predictions with a marked change from LCO to NMC chemistry from 2025 onwards and signifcant
increase in the overall amounts available of all chemistries - from ~50,000 tonnes in 2020, 250 000
tonnes in 2030 to ~1.5 million tonnes by 2040. Nevertheless, such predictions do not necessarily take
into account changes to the potential supply for recycling due to increased battery use in second-life
applications or shifts in chemistries dictated by material availability as a result of future market and
geo-political reasons.
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Figure 5 : Forecasted level of Li batteries for recycling in Europe 2040
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Figure 6 : Forecasted level of End of Life for recycling globally by 2030 [13]

The study carried out by Avicenne differs from IDTechex. Europe would have to treat about 30,000
tons of end-of-life batteries in its recycling sector in 2021. In 2030, it would have to treat 567,000
tons of end-of-life batteries.

3.2 Manufacturing scrap expected for recycling in 2030

3.2.1 Type
Type of Scrap %
Cathode electrode 10-20
Anode electrode 10-20
Electrode stack 10-20
Dry cell 20-30
Wet cell with electrolyte 20-25
Activated wet cell 10-20

Table 4 : Proportion of forecasted scrap in 2030

The type of scrap that will be mostly available on the market relates to almost finished cells without
electrolyte and before load cycles (Table 4). This has the benefit of assisting recycling logistics in term
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of handling and transport as these types of materials will be consider as a non-hazardous waste. As
outlined previously, the presence of electrolyte is a critical barrier to the facile recycling of these scraps
due to the related chemical hazard and transport regulations.

3.2.2 Chemistry

Current and future market situation helps us to understand which technologies we should target to
the recycling of battery scrap (cf. Table 4). Due to its high energy density, NMC, especially the latest
generations, will form the majority of the different cell chemistries present in electric vehicles, closely
followed by the LFP. Direct recycling could be preferred to conventional recycling route if it can be
developed and if it is both economically and environmentally competitive. Furthermore, it is worth
noting that hybrid technologies such as NCMA or LNMO are also in development for market applica-
tion from around 2030 onward, whilst traditional chemistries like NCA will have reduced market share.

3.2.3 Quantity

Lithium-ion scraps are the discarded unusable material from manufacturing lithium-ion batteries. Ac-
cording to a recent study carried out by Avicenne Energy in 2022 [13], the overall level of scrap pro-
duction on a European level in 2021 amounted to ~19 000 tons. However, with several new gigafac-
tories planning to begin full scale manufacture and the increase in the need for batteries mainly re-
lated to electric mobility in Europe means there will be a significant increase in the amount of scrap
by 2030. Avicenne predicts that by 2030, out of 510 000 tons of scraps destined for recycling globally,
132 600 tons will be produced and available in Europe.

Asia (excl 2021 2030  Asia (excl
China) U'.H"If:"r Ehi;,a}
18% 3% 1%

us
US: 12% \
* " 150k (60%) S10KT (22%)
rurope ST China
10% China Furope 599
i 26%

Figure 7: Forecasted level of scraps for recycling globally by 2030 [13]
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Battery scrap available for recycling in Europe in 2021, with a forecast until
2030 (in 1,000 metric tons)

Battery scrap available for recycling in Europe 2021-2030

o
2

=]
54

Awvailable scrap in thousand metric tons

2021 2022* 2024* 2026* 2028* 2030*

Figure 8 : Battery scrap available for recycling in Europe in 2021, with a forecast until 2030 [17]

In contrast, a recent Bloomberg report estimates the level of scrap will be significantly higher. Based
on their analysis, in 2021, the number of scrap destined for recycling was 63.1KT/year. In 2030, the
quantities predicted by the study would amount to nearly 325.6KT/year. It should be noted that it is
still difficult to determine the level of scrap from gigafactories to be recycled by 2030, although it
should represent between 20 and 30% of the total quantity of lithium-ion batteries to be recycled in
the European region.

A study from Roland Berger 2022 [18] estimated that the scrap amount would be around 249KT/year
in 2030, which is more like the Bloomberg prediction than that by Avicenne. Nonetheless, it can be
expected that with the future introduction of new equipment or cell chemistries there may be sub-
stantial scrappage rates during the testing and ramp-up phases. According to Avicenne Energy, in to-
tal, the best scrappage rate in class could reach as low as 5%, whereas during the startup phases, the
same rate can exceed 20 to 30% over a very long period.

Available LiB(-material) for recycling globally by application [GWh equivalent, EoL + scrap]

CAGR
2020-2030

CAGR +30%)

Figure 9 : Predicted total available LiB material for recycling globally by 2030 [18]



4 MATERIAL SHARING FOR RESPECT PROJECT

4.1 Starting material distribution

Two main materials will be provided during the realization of the RESPECT project’s task. Scrap provided by Morrow from the start of its Gigafactory and End
of Life (EoL) modules provided by Orano through its link to a battery supplier. As Morrow’s Norwegian gigafactory will not be in production during the initial
period of the RESPECT project, Morrow has decided to send the first batch of scrap from Korea - where the equipment and battery line are developed - as
representative materials of genuine manufacturing scrap.

Concurrently, LFP batteries from stationary applications will be provided by Orano with 2 modules of around 30 kg being available in April. Nevertheless, it
has been proposed by Orano that work carried out during 2023 will concentrate on LFP scrap rather than end-of-life modules - a point that still needs to be
discussed and agreed with RESPECT partners.

Initial material from Quantity (kg) expected delivery
Morrow - prismatic cells - Batch 1 Morrow 5-10 cells for CEA June 2023
7kg of cathode scraps and 10kg of anode scraps for CEA in 2023.
25kg of cathode scraps and 40kg of anode scraps for Orano to
Morrow - NMC scraps - Batch 1 Morrow produce enough material forzag)llzgf.le partners at project start in March - April 2023
150kg of cathode scraps to be treated at the beginning of 2024
and to be sent to Metso +150kg of anode scraps

Orano/ Orano' sup- 10 modules including 1 for CEA to be deactivated. .
EoL -B 1 - 202
oL Modules NMC - Batch plier 500kg of modules in 2024 march - April 2023
EolL modules LFP - Batch 1 Orano’s supplier 30kg (2 modules) March - April 2023

Table 5 : Starting material sources and proposed quantities
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. Cathodic ac- | Anodic ac- : e e
Treated via Provid T f ti te- ti terial Electrolyte in terials UN num- Chemical h d
RESPECT rovider ype of scraps ive mate ive materia Wt% (support, bers emical hazar
rial in wt% in wt% .
binder...)
H330 Fatal if inhaled H350
May cause cancer by inha-
lation H372 Causes dam-
not appli- age to organs (Lung)
YES Morrow Cathode foils/coils 90 Not relevant Not relevant 10 (ngsgﬁn_ ;he;c;g?:lhesggsl;]r%e((jir?r:a:g:
gerous) tion). H402 Harmful to
aquatic life H412 Harmful
to aquatic life with long-
lasting effect
nogaabrfgll— H351 Contains a compo-
YES Morrow Anode coils / foils Not relevant 70 Not relevant 30 (non-dan- nent suspected of causing
cance
gerous)
YES Morrow Dry cells 51 24 not relevant 25
UN3480
YES Morrow Wet cells 46 21 12 21 (EEmeEe | CRESPIER] &), R 1Em
ous Code: 4W
goods)
YES Morrow Charged cells 46 21 12 21

Table 6 : Specification of scrap to be treated via the RESPECT project
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4.2 Timeline of material distribution

For each material, a timeline for distribution has been created in order to understand the material flows, the treatment applied, and the partners involved

4.2.1 SCRAP: NMC type

. . . Impurities Material Classic active Cells
L Physical separation and Classic . ; . ) ]
Deactivation X . removal/solutio | regeneration/dire material manufacturin
material concentration hydrometallurgy e ) ] )
n purification ct recycling synthesis g and testing
- 2023 2024
upplier
PP Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 and+
SCRAPS NMC type
AALTO Cu
To be defingdl collector
5kg
] CEA 7kg cathode sraps 10kg
anode scraps
v - -
CEA active mass 500g Warw!ck AU
active mass
ORANO 25kg_» VIANODE
R cathode .
> Graphite 10-
scraps+40kg of
20kg
anode scraps;
v
Ll L] AALTO Black mass [~ o
1 § CEA purified
5-20kg for leaching
o leachate 50L
and purification
ORANO 150kg
of cathode METSO BM CEA »| CIDETEC
> —» 100kg
scraps+150kg complete —t»sulphate » | recycled
of anode salts materials
scraps e
VIANODE ¥
Graphite ?
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4.2.2  CELLS: NMC type

- Physical separation and Classic Impurities . Mate.rlal ) Classic a.ctlve Cells )
Deactivation R/ | hydrometallur removal/solutio | regeneration/dire material manufacturin
Y 9y n purification ct recycling synthesis g and testing
Suopli 2023 2024
upplier
G Q1 Q2 Q3 Q4 QL Q2 Q3 Q4 and+

CEA/Coup'indus 10 prismatic cells
—_—
o with different SoH
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4.2.3 MODULES: NMC type
. . . Impurities Material Classic active Cells
L Physical separation and Classic . . . ) .
Deactivation X . removal/solutio | regeneration/dire material manufacturin
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VIANODE 10-
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FIEET B Wi purified CIDETEC
solution for Li
e leachate Recycled
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D 1.1 — Catalogue of data of the feedstock to be treated

Co/CL/PuU

initial material

Quanti

to?

1 for the other WPs
1.3.1Sourcing of cells Morrow - “batch 1 Morrow 510 cells for CEA June 2023 Fells (prismatic, pouch, cylindrical

7kg of cathode scraps and 10kg of anode scraps

for CEA in 2023.

25K of cathode scraps and 40k of anode scraps

for Orano to produce enough material forall
1.3.2 Sourcing of NMC scraps Morrow - NMC scraps - Batch 1 Morrow (1";k':;";’;z;z"::;:z’;"ﬁ:i datthe March - April 2023 anode and cathode scraps NMC P

beginning of 2024 and to be sent to Metso

+150kg of anode scraps

10 modules including 1 for CEA to be
1.3.3 Sourcing of EoL modules NMC GV - Eol Modules NMC - Batch 1 Orano/ Orano'supplier (GV) deactivated. march - April 2023 Eol modules NMC 200
500k of modules in 2024
1.3.4 Sourcing of Eol modules LFP SAFT - Eol modules LFP - Batch 1 Saft (TBC) 30kg ( 2 modules) March - April 2023 Eol modules LFP. 200
1.3 5af
1.3.5 First testing and optimization - with prismatic cells and mod: N Morrow Sprismatic cells with different SoH June 2023 deactivated modules and cells | 5 deactivated cells [P TM9US
Morrow - prismatic cells - batch 1 /c
1.3.5 First testing and optimization - with modules Orano 1module Q22023 deactivated modules B "::;:‘:d C“"/"C'E'r"s
GV - Eol. Modules NIC - Batch 1

13 of EoL Modules NMC GV - Eol Modules NMC - Batch 1 Orano 200-500kg. Q22023 deactivated modules NMC ) kg of deactivated ] _Orano, CEA.
137 of EoL Modules LFP SAFT - EoL modules LFP - Batch 1 Orano 30k Q22023 deactivated modules LFP__[around 2.3

2.1 Module cutting
2. g on commercial modules GV - Eol. Modules NMC - Batch 1 CEA 1VWID3, 1 BMWIS, 1 Tesla, 2 Nissan Leaf End of January 2023 extracted cathode and foils NMIC X
2.1.3 Validation on Eol modules NMC GV - Eol Modules NMC - Batch 1 Orano ? Q42023/Q12024 extracted cathode and foils NMC CEA
10 modules including 1 for CEA to be.
2.1.4 Cutting with Orano’s conventional cutting machine Orano deactivated. Q22023 extracted cathode and foils NMC CEA
GV - Eol Modules NMC - Batch 1 500kg of modules in 2024
2.2 Selective separation i ivated batteries - NMIC
black mass, graphite - NMC &

2.2.1 Testing and optimization on NMC scraps Morrow - NMIC scraps - Batch 1 Morrow 15kg Q22023 15kg
2.2.2 Testing on extracted electrodes NMC from task 2.1 o - EoL Modules NMC.- Batch 1 Orano leatment of the 150k of sourced modules for 20; Q3-Q42023 black mess, graphite - NMC . Aalto
2.2.3 Testing on NMC scraps with the pilot of Orano Morrow - NVC scraps - Batch 1 Morrow 25kg of cathode scraps and 60kg of anode scraps 2 black mass, graphite - NMC & IAalto, T3.1
2.2.4 Testing on extracted electrodes LFP from task 2.1 SAFT - EoL modules LFP - Batch 1 Orano 30kg modules Q32023 plack mass, graphite - LFP & skg. A, Orano
2.3 Lithi lyte

2.2- supercritical CO2and| GV - EoL ModulesNMC-Batch1 | Orano | 5L [ Q42023 | recovered Li Jeeds to be estimate| X |

2. lithi GV Eol Modules NMC- Batch1 | Orano | N | Q42023 | recovered Li leeds to be estimate] X |
[2.4Physical i i s, Al, Cu
2.4.1 Testing on coarse and intermediary fraction of 2.2 | Gv-FoLModulesNMC-Batch1 | Orano ~1000kg of coarsed fraction recovered materials after mechanical sorting (A, Cu, Fe, BM) | X |
2.4.2 Recovery of some plastics after the physical separation | GV - Eol Modules NMC - Batch 1 | Orano [small samples of black mass for lab-scale testing| Q2/032023 Teled hemical treatment | X |
2.4.3 Recovered Cu (Orano) and Production Scrap (Morrow) | Morrow - NMC scraps - Batch 1 | Orano Jrom recovered (Orano) and Prod Q12023 f possible Jaction used ac chemical reductants for Wp3 [ Aaito, 131 |

51 flexi 7 v
g on commercial black mass B B [Minimum 5 Kg for lab-scale testing (Max ~20kg) |end of 2023 leachate solution NMC
GV~ Eol Modules NMC - Batch 1and
3.1.2 Testing on NMC black mass from 2.2 NMC 622 and 811 ot Modules ateh Lan Orano Minimum 5 Kg for lab-scale testing (Max ~20kg) [end of 2023 leachate solution NMC Metso
Morrow NMC scraps
3.1.3 Testing on LFP black mass from 2.2 Ily combined wil___ SAFT - Eol modules LFP - Batch 1 A [Minimum 5 Kg for lab-scale testing (Max ~20kg) [end of 2023 Leachate solution LFP (may be combined with NMC)_|Metso
3.1.4 Pre-production scrap copper and/or copper i WMorrow - NMC scraps - Batch 1 Orano 110 10k end of Q1 2023 Leachate solution Metso
3.2 selecti
GV~ Eol Modules NMC - Batch 1and
Aalt Detailed anal th potentially 1-2L sampl fied leachate solution NMC (with potentially LFP) [Chal
3.2.1 Testing on leachate solution from 3.1- NMC {obs. potentially Morrow NMC scraps alte etalled snalysls {with potentially - 2L sample] peifiecieachate S0l tion NMC ith potentlally LFP) Chalmers
3.2.2 Testing on leachate solution from 3.1- LFP SAFT - Eol. modules LFP - Batch 1 Aalto Detailed analysis (with potentially 1-2L sample]| [purified leachate solution LFP. Chaimers
3.3 Selective separation separated transition metals
'GV - Eol Modules NMC - Batch 1and
d leachate from 3.2- NMC ‘ Morrow NMC scraps Metso Detailed analysis ( d 15200 Co, Ni, Mn sulfates CEA
"GV - Eol Modules NMC - Batch 1and
100 Co, Ni, Mn sulfat 100K
3.4.1 Validation of the pilot with a batch of black mass from 2.2 ‘ Morrow NMC scraps Orano 0 N Mn sulfates € ‘ ‘
3.5 pre-purificati i i
3.5.1Proof of concept and BV NMC scr Morrow - NMC scraps - Batch 1 Orano or CEA [s00g Q22023 [purified black mass 400¢ X
3.5.2 Proof of concept and testing and on BM coming from EoLNM{ GV - ol Modules NMC -Batch 1 Orano or CEA Q32023 X
5.3 Proof of concept and testing and on BM coming from EOLLFP|___SAFT - Eol modules LFP - Batch 1 Orano 15x needs for (tobe defined) 22023 [purified black mass v
5.4 Scale-up and testing on the black mass produced from NIC Morrow - NMC scraps - Batch 1 Orano 1.5x needs for (t0 be defined) M
5.5 Scale-up and testing on the black mass produced from extrac] GV - EoL Modules NMC- Batch 1 Orano 3 Q22023 purified black mass 6k Fraunhofer

4.1 terials from scraps
[4.1.1 Production of high-quality graphite based on recovered grap| Morrow - NMC scraps - Batch 1 | Orano [at least akg, up to 20-30kg. Ta12024. I [1to 10kg JcipeTec
[4.1.2 Testing on the purified black mass from 3.5 - cathode scraps I Morrow - NMC scraps - Batch 1 | CEA [100g laz2023 [NMC active material |10g to 1ke [ciDeTEC
a. aterials from end of life batteries
[4.2.1Testing on the purified black mass from 3.5 - Eol modules N GV - Fol Modules NMC Batch 1_| Orano T ag B0 [ NMCactive material | T_cioerec
[4.2.2. Testing on the purified black mass from 3.5 - LFP | SAFT-EoLmodules LFP-Batch1__| CEA | 1008 [a32023 |LFP active material |10 to 1kg [ciDeTEC
4.3 active materials synthesis from HM outputs
[4.3.1 Production of high-quality graphite based on recovered grap| GV - Eol Modules NMC - Batch 1 Aalto at least dkg, up to 20-30kg Q42023/ Q12024 1to 10kg CIDETEC
Lab scale -
0.870Kg NiSO4.6H20
0.090 Kg MnS04.H20
0.140 Kg CoSO4.7H20.
Chalmers ¢ 02/032023: forlab scale NMC active material ? CIDETEC
y Q2/Q3 2024 Pilot scale
Pilot scale
34Kg NisSO4.6H20
GV - Eol. Modules NMC - Batch 1and 2,8Kg MnSO4.H20
4. nth of NMC 811 based on Co, Ni,Mn salts produced in Morrow NMC scraps 4,6 Kg CoS04.7H20..
Q2/Q32023: 50L for lab
development (several samples of at
Metso 300L. least 10L are possible) NMC active material CIDETEC
GV - Eol. Modules NMC - Batch 1and Q2/Q3 2024 : 250L for pilot
14.3.3 Synthesis of NMC material based on the purified leachate sol Morrow NMC scraps and production
4.4 i lidation {25 pouch cells
[4.4.1 synthetized graphite from scraps T4.1 Morrow - NMC scraps - Batch 1 [Vianode 10,00 [pouch cells
[4.4.2 NMC active material from scraps T4.1 Morrow - NMC scraps - Batch 1 im >1 [pouch cells
|4.4.3 NMC active material from EOL batteries T4.2 GV - EoL Modules NMC - Batch 1 Fraunhofer >1 432 pouch cells
|4.4.4 LFP active material from EOL batteries T4.2 SAFT - EolL modules LFP - Batch 1 M >1 4.3.2 [pouch cells
14.4.5 synthetized graphite from HM T4.3 GV - Eol Modules NMC - Batch 1 |Aalto 10,00 432 pouch cells
GV - Eol. Modules NMC - Batch 1and Chalmers.
|4.4.6 NMC active material from HM T4.3 Morrow NMC scraps >1 4.3.2 [pouch cells
GV - Eol Modules NMC - Batch 1and Metso
14.4.7 NMC active material from HMT4.3 Morrow NMC scraps b1 432 [pouch cells
l4.4. s?) Orano or CEA >1 432 [pouch cells

Table 8 : Source and destination of different materials required throughout the lifetime of the RESPECT project
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