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Enabled Future Limited Business Proposition

Optimising Technology Portfolios
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Clients: Startups, Manufacturers, Licensors,

. . L ) Government Bodies, Academic Institutes,
Consulting — Training — Multiclient Reporting Stakeholder Organisations, Investors

Thought Leadership — Industry Tracking

New Membership Programme As Of November 2022
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Energy Transition Supply Chain Complexity

Data Solutions
Smart Transmission
Smart Distribution
Financial Investment
Grid Management

Feed-In-Tariffs
Smart Meters
Data Solutions

>

RE Grid

 —

CRM Supply
Electrolyser Capacity
CO, Capture Capacity

CO, Utilisation Capacity
Financial Solutions
R&I Consortia
End-of-Life Solutions
Grid Service Management

CRM Supply
RE Components
RE Capacity
Financial Investment
End-of-Life Solutions

RE Producer PtX Producer*

Vi
_

Fuel Cell Powertrains

H, Heat Pumps
Fuel Blending

Carbon Pricing/Taxation

Public Acceptance

PtX Product

Consumer

Port
Infrastructure
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Refueling
Stations
Gas Grids
Offtake Agreements
Sector-Coupling
Infrastructure

PtX Importer

Port Infrastructure
NH; Cracking

Tube Trailers
Pipelines
Ships

Long Distance

Transit
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Economic Boom and Bust Cycles () Eaeble” mgl
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Lithium lon Battery Supply Chain () Eotis” mgl

Gr, Si, C, Li, X

Anode Materials Al, Cu, Fe-alloys, REE
Plastics, Rubber

Li, Ni, Co, Mn, Al, X

Cathode Materials

Mechanical &
Electrolyte Materials Electrical Parts

Raw
Materials

Li, P, F, X

Inorganic
Materials

Battery
Cell
Production

Battery
Systems
Assembly

Secondary
Sources

Organic
Chemicals

Electric Mobility

Separators

Solvents Energy Storage

Portable Devices

Binders
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Key Traits of Successful Supply Chains ) Epavled go @

Investment in Education
and Skill Building

Upstream/Downstream
Knowledge & Relationships

Growth Mindset in
Procurement

Investment in R&I,
Intangibles/Patenting

Investment in Sustainable
Products & Services

Shared Mission & Vision

(Planned) Synchronicity

Investment in Capacity

Optimised Integration

WEVELS Foreign Direct Investment

Technology Licensing &
Specialisms

Versatility and Readiness
for Change

Global Cooperation on
Trading Mechanisms

Market & Technology
Awareness

Efficient/Effective IT, Data
Approaches & Digitisation

Rational Policymaking for
Supply Chains
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NetZero Does not Enable the Circular Economy W Erobled g @
T )

Replace e i Carbon
Virgin Fossil Efficient
Fuels " Chemistry

|I Virgin Fossil Fuels

Repair &
Share

Circular
Carbon
Chemistry

Non-Circular Net Zero is essentially a linear economy with a massive penalty for burying CO,

Business as usual already has implemented many efficiency improvements using catalysis, chemical and heat
engineering; replacing fossil fuels with waste CO, and green hydrogen drops into the same downstream

The Circular Economy reduces virgin material dependence and waste disposal

Sustainability 4.0 — “The repair and share economy” is a way by which we can limit the damage we do to the
planet while maintaining a reasonable quality of life. It’s a quietly growing movement.

K/ K/
000 000

K/
000

000
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Metal Content by Battery Chemistry

/_.

-, Manganese Weight % in Different Lithium-ion Batteries Chemistry Type

NMC NMC NMC N[@ NMC NMx NMC LR-LNMO. LR-NMC: LR-LNMO LR-NM, NI[® LNMO
m 532 622 81 955 7525 631 1 37 271 13

F Manganese - M Nickel Cobalt Lithium Oxygen

g Key High Mn'Pr

a/aie®
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Key Critical Raw Material Needs Include Manganese

Manganese demand from cathodes, ‘000 tonnes Mn contained, 2015-2040

300
20 TWh
Twh Le2 1,400 -
Cobalt 1,200 -
: Tm tonnes : .

2 1,000 40% M NCA
o Lithi ? 7]
= TZraitannes ey
g Manganese 800 4 LMO
+ n9 2m tonnes
S ' _ 600 - Il LvNo
5 S B LFe/LvFP
Q |
E 50 TWh 400 - 4% - Other

, 200 -+

e 50% 100% 200%
8 8 2 g g g 2 0 —_= - 4%
Total Deployed (Present Pathway) - Total Deployed (Net Zero Pathway) 2015 2020 2025 2030 2035 2040

** BENCHMARK

Source: Benchmark Minerals, January 2023
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Meeting Demand for Ni and Mn from Secondary Sources

Secondary Sources of Ni & Mn

Recycled
LIB

Advantages:
High recycling rates
Large volumes
Known specifications
for NCM/NCA

Disadvantages:
Only 3-12% Mn in
majority of spent NCM
batteries
Recycling concentrated
in Asian countries

Copyright © 2023 Enabled Future Limited All Rights Reserved

Recycled
non-LIB/Other

Advantages:
Many industry players
Reasonable Volumes
Uses same refineries as
LIB black mass
Suitable for LNMO

Disadvantages:
Potential for wider
range of impurities
Not as suitable for
high-Ni NCM/NCA

Sustainable Mine
Sources

Advantages:

No need for a complex
collection infrastructure
Potential for large volumes
with one specification
Can also take in recycling

Disadvantages:
Lead time until fully
operational
Can it meet European
demand?

14
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Manganese Recycling Challenges

WS

*%

Mn is the last priority for a hydromet after Ni, Co and Li.

It costs as much to recycle Mn as it does Ni and Co combined.

Mn doesn’t get recycled back to the grade needed for most batteries (NCM, NCA).

Usually end up getting Mn(OH)x when the carbonates would be preferable.

Need to rationalize different Mn-rich precipitates and process centrally.

Pyro units have a Mn-containing slag which is in the form of oxides and silicates, goes into

construction materials currently. With some upgrading, could be viable for LNMO/LMFP.

» As long the feeds don’t have too much Fe or fluorine, they can be viable for upgrading —
companies can also choose to do an extra upgrade themselves then send for refining — needs
discussion between the companies and the refiners.

* Blending of Mn salts from different recycled materials with purer feeds of Mn e.g., from the
mine tailings can be a useful strategy — but need to demonstrate it.

» Cathode-to-cathode is one useful strategy but difficult for LNMO where there is no EoL scrap.

* There is competition from other industries — e.g., steel alloys and taking the feed into batteries
could cause a structural deficit there.

» We still need much higher-grade recycled Mn for NCM. Not clear where all of it will come from.
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Diversity of Capabilities Key to Meeting Supply Chain Needs () i/ @@

”.

Black Mass
Producers

(LCO, LFP,
NCM/NCA)

Hydrometallurgy

Direct Recycling DEGNESIES

Repair

17
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LIB recycling BATTERY-
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Map of Downstream Battery Processing (x\\))fm@gg@gu.émned

Umicore
Retriev Canada Recupyl
1 Retriev USA @— Accurec
Battery Resourcers Batrec Industrie AG -
OnTo Technology —@ ‘_ £ B e sungEel HiTech
Farasis Energy —@ Inmetco
‘ i
#— Albemarle ®— Sony/Sumitomo
GEM
Brunp 37 Highpower International
GHTECH
*— - TES-AMM

@ Pyrometallurgy
@ Hydrometallurgy

@ Direct Recycling

—— Ap—

Soeny/Sumitomo Glencore SungEeal HiTech TES-AMM Batrec Industrie AG OnTe Technology
Tokyo, Japan Baar, Switzerland Jeallabuk-do, South Korea  Singapore Wimmis, Switzerland Oregon, USA
Umicore Brunp Highpower International  Recupyl Farasis Energy
Brussels, Belgium Guangdong, China Shenzhen, China Domeéne, France California, LISA
Accurec GEM Retriev Canada Albemarle

Mulheim, Germany Shenzhen, China British Columbia, Canada  Morth Caralina, USA

Inmetco GHTECH Retriev USA Battery Resourcers

Pennsylvania, USA Guangdong, China Chio, UsA Massachusetts, USA

Source: Chen et al., Recycling End-of-Life Electric Vehicle Lithium-lon Batteries, Joule (2019) 1
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Key Announced Recycling Projects With Hydrometallurgy | Enabict g @@

JEndBl&drPut

2023

Fortum, Harjavalta, Finland, 5 kt of batteries
TOTAL SCRAP BATTERY WEIGHT

2023 FORECAST FOR 2030 AVAILABLE

Tozero, Munich, Germany (Pilot) FOR RECYCLING IN EUROPE
~500 KT (33% EOL, 67%%

2025 PRODUCTION SCRAP) (@10%

BASF, Schwarzeide, Germany PRODUCTION SCRAP RATE) (CES
DATA, 2022)

2025 (Black Mass), 2027 (Hydromet)

Eramet/Suez, Dunkirk, France, 50 kt of battery modules CONSERVATIVELY NEED AROUND
250 KT HYDROMET CAPACITY BY

2025/26 2030 AND 500 KT BY 2040

EcoNiLi Battery, Southern Spain
45 kt of batteries, 25 kt hydromet

2026/27
Li-Cycle/Glencore Portovesme, Italy (the “Portovesme Hub”).
50,000-70,000 tonnes black mass (36GWh) batteries

Copyright © 2023 Enabled Future Limited All Rights Reserved
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Proses Makina Flex Batt® Process - Eozlle eg®

BATTE<RE’s Flex Batt” Process

" Turning Different Batteries into a Variety of Products

ag . ®
[, o

Discharge Shredding

Steel Plastic
. Black Mass S ——

3 i 27 28 z 25

Li || Co || Ni ([ Mn ,

Ve Py Yo o Separation Gradual Sieve
13 29
Al Cu
o~ -y
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Proses Makina Flex Batt® Process

CO-PRECIPITATION

BATTERE

Battery Recycling & Refining Systems Benefits of Flex Batt Process:

*Processing of diverse battery types
within a single facility

LITHIUM LEACHING
RECOVERY UNIT REACTOR

*Capability of producing different

products

*Production of PCAM through a direct
pathway

*High-Efficiency 99% Recovery of Li, Ni,
Co, Mn
*Production of PCAM with less chemicals

*Low energy consumption

SOLVENT EXTRACTION UNIT W0l DTl ¥el fi- i i (e Lol 5

*| ow investment cost
—>>> I~

|

Ni, Co, Mn

Li,CO,/ LiOH

22
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EEElbattery

ECONILI BELIEVE IN GREEN FUTURE WHERE
FINANCIAL RETURNS AND PROTECTING THE WORLD
OUR VISION CAN BE IN HARMONY OUR MISSION

e Recycle critical materials to create a
sustainable closed-loop battery supply

e Pioneering the worldwide provision of
recycled essential battery materials to foster
a sustainable energy

Ensuring Spoke & Hub Integrated
Network between Asia & Europe

We believe that, with developed and
efficient recycling solutions and
experience of EcoNiLi Battery,
battery recycling can be affordable
and sustainable.

Copyright © 2023 Enabled Future Limited All Rights Reserved

The strength of our supply chain
allows us to create central hubs, first
in Asia and then in Europe, to ensure
the most sustainable and economical
end-of-life solutions for waste LIB.
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1. ECONILI BATTERY EUROPE S.L.

EcoNiLi, an OEM specializing in Li-ion battery recycling
based in Spain, operates from a sprawling 64,000 square
meters factory located in Alicante. The facility is dedicated
to handling a substantial battery treatment volume of
45,000 tons annually, complemented by a robust
hydrometallurgical process capacity of 25,000 tons per
year.

Copyright © 2023 Enabled Future Limited All Rights Reserved
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2. ECONILIMALAYSIA

In a parallel venture, EcoNiLi is initiating a strategic
relocation of its operations to a modernized factory
occupying 7,000 square meters on a 3-acre expanse in
Perak. This advanced facility is poised to accommodate
a production capacity of nearly 10,000 MT per year.
Within this new establishment, the focus remains on
efficient battery treatment, with a monthly processing
capability of 15,000 tons. This endeavor is further
enhanced by the concurrent hydrometallurgical process
capacity, enabling the treatment of 12,000 tons of
material each month.
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Take Home Messages

+*»* Creating a sustainable supply chain within Europe for batteries requires a high
degree of cooperation and transparency amongst the supply chain to avoid or
at least limit the boom-bust cycles seen in other industries.

** Much of the effort needed isn’t necessarily technical — it’s logistical and
requires cooperation between different stakeholders.

** A much more granular view is required on the capabilities of the existing and
new entrants and if they are covering the future supply chain rationally.

+*»* Cathode formulations are increasingly Ni and Mn centric, and more recycled
metal is required in line with sustainability/ESG goals.

** More large sophisticated recycling and hydrometallurgical capacity is needed
to meet future demand and investment is needed along with input from
investors, technology specialists and licensors.

s Newcomers and companies from adjacent industries with broad skill sets at
TRL9 are keen to expand capacity in Europe and investment will enable a faster
ramp up of sustainable capacity.

Copyright © 2023 Enabled Future Limited All Rights Reserved



 /
Enabled ...

Enabled .@g

www.enabledfuture.com

Thank you for listening!

Catch us at:

EV Battery Recycling & Reuse, 2023, 23-24%,0ct 2023,
Frankfurt, Germany
www.ev-battery-recycling.com

GDMMC Asia Intl Battery Recycling Summit (AIBR)
Conference, 4-7 Dec, 2023, Singapore

Barecycle

Enabled Future Limited
Membership Prospectus

Enabled Future Limited (EFL) is a consultancy which works to Optimise

Portfolios with involved in the sustainable
production, use and recycling of chemicals, catalysts, plastics and
polymers, energy carriers and valuable metals.

Discover the range of services Including Included in the new EFL
Company i to be launched in 2022,

Don’t miss out on the limited time offer of 3-month’s free membership
which is available until 1st November 2022!
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http://www.ev-battery-recycling.com/
https://www.barecycle.com/

