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General information CROCoODILE
s =

First of a kind commercial Compact system for the efficient Recovery Of CObalt
Designed with novel Integrated LEading technologies

Challenge: Solution:

Provide a zero-waste strategy for
important waste streams rich in cobalt
such as batteries.

Improve the economic and environmental
values of recovery processes of cobalt in

P | CROCODILE |

Funding & Duration:

Targeted feedstocks:
H2020 - Raw materials - Innovation action

0 e A1) [ a7 CUIE | SSeie ety e 4.5 years (June 2018 to November 2022)
materials are laterite mines, catalysts and o
batterios. EC contribution: 11.6 M€
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General information CROCODILE
4
Partners: 24 from 11 different countries _ AR =
Umicore Finland OY (FRE) - large industry Coordinator
Akkuser (AKK) -SME g A % I

Glencore Nikkelverk (GNN) - large industry

Stena (ST) - large industry

Accurec (ACC) - SME

NHM (NHM) - RTO
Bangor (BAN) — University

PNO (PNO) — SME
KUL (KUL) — University
Kopacek KG (ISL) — SME
Saubermacher (SAU) — large industry
SNAM (SNA) — large industry
BRGM (BRG) — RTO
Larco (LAR) - large industry
Monolithos (MON) - SME

Ecorecycling (ECO) — SME
TREEE (TRE) — large industry
Tecnalia (TEC) (Coord.) — RTO
Tecnalia Ventures (TEV) - SME
Lomartov (LOM) — SME
IDENER (IDE) - SME Grcled vab mopetrine
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The CROCODILE concept crolcoDILE
= |
Current SoA is mainly driven by pyrometallurgy / hydrometallurgy

* High energetic cost
* Use of strong inorganic acids such as sulfuric and hydrochloric acids
* High environmental impact

*  Not all metals are recovered from batteries

* High generation of waste (slag and gas emissions)

* High CAPEX
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The CROCODILE concept

CROCoDILE

DES Leaching L/L extraction Electro-

(solvometallurgy) winning
Enriched black mass
(C02+, |V|I'12+, Ni2+,
Fe2+, CU2+,A|3+ )

Leac.hate Cobalt
(Co in DES) sulfates
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CROCoDILE

The lab research: material

Broad type of Black mass samples studied

Content range (%)
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The lab research: flow-sheet developed CROCoDILE
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pH adjusting } - «@1_ Fresh DES

|
Spent DES

(accumulating Ni, Li...)

DES
Regeneration

Collection and
pre-treatment

Co containing
Filtration DES leachate

DES leaching L/L extraction
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LCA & LCC CROCoDILE

» A methodology that takes into account the health, safety and environmental risks.

LCA

>  Environment assessment of the individual R&D technologies to select the best

performing scenarios Tt
waste
> Modelling and assessment of the pilot unit -
N "
Climate change | | SRS el B L
Ozone depletion | | ‘"W‘?&*mf;v':s‘“"g
lonising radiation IEEEEEEEEE—— I
Photochemical ozone formation I |
Particulate matter | ] —
Human toxicity, non-cancer | | materials
Human toxicity, cancer I |
Acidification " |
Eutrophication, freshwater "8 |
Eutrophication, marine I |
Eutrophication, terrestrial I |
Ecotoxicity, freshwater |
Land use I ] Product Environment
Water use I I . .
Resource use, fossils I —— Footprint (PEF) impact
Resource use, minerals and... NI | categories (17) for the
Cumulative energy demand . I .
&Y sources of impact (4):
0% 20% 40% 60% 80% 100% CROCODILE p”Ot LCA
m Energy consumption Materials use o Emisions to air B Waste treatment results
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LCA & LCC CROCoODILE

S

Economic assesment of all the technologies
LCC 9

Integrating environment and economic data

involved: pretreatment and chemical processes

Breakdown structure OPEX costs LCA/LCC SUMMARY OF TEC TECHNOLOGIES
130,0
WP3 TEC_1A
= ENERGY COSTS 120,0
» WASTE DISPOSAL 4 -
I 6% - -
110,0 -
1% r fw’
‘ ) WP3 e ZA
= PERSONNEL COSTS 100,0 " ) _
-
ANCILLARY COSTS 10% 90,0 - -
~ 20,0
\ WP3 TEC_2B
70,0
0 0,005 0,01 0,015 0,02
Pretreatment Leaching process
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Validation of the technology in the pilot CrROICODILE

1

>  Mobile Pilot design: basic and detailed engineering

>  Pilot construction: 4 containers

il

DE? Liquid (DES.)-hqmd Elactrowianii
leaching extraction

'Z_ll“ ' > Validation in the pilot:
4 | 1000 kg BM (25% Co content) tested

- Final layout definition
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Validation of the technology in the pilot
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CROCoDILE

Production: > 6 kg Co metal/day
Cobalt purity: > 97 %
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Conclusions

13

CROCoDILE

A sustainable approach for the valorization of black mass generated from the pre-treatment of lithium-ion batteries was established.
The recycling route uses a hydrometallurgical process composed of leaching with DES (Deep Eutectic Solvents), solvent extraction
and electrolysis, in order to recover metallic cobalt.

The novel and innovative process developed has been validated in a pilot built for that purpose, showing strong potential for its
implementation at industrial scale. The cobalt recovered can be used as feed in several fields as catalysts, alloys and precursor for
the production of lithium-ion batteries.

Several scenarios have been analysed from the economic point of view: the profitability of the “CROCODILE route” varies a lot
depending on the plant size (input volume of black mass to be treated).

In addition, the following aspects showed essential influence on the profitability of the CROCODILE pilot plant:

the cobalt content in the black mass,

the market price for the cobalt metal

the cost of the black mass

the potential valorization of other valuable products such as nickel / lithium / manganese derivates and graphite, existing as
subproducts in the process.

O O O O

Since the deployment of the recycling industry is developing slower than the European battery industry, there is an opportunity for
this DES based CROCODILE technology to be further optimized and to be used as one of the main recycling technologies in the
European market as an alternative to existing Co recovery industrial processes, contributing to both a greener future and make
Europe independent from other markets, such as that of China.
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CROCoDILE

http://h2020-crocodile.eu/

Thank you for your attention

Dr. Lourdes Yurramendi

CROCODILE project coordinator

lourdes.yurramendi@tecnalia.com
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