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1.1 Introduction reaticaan
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1 .2 an L|fe Of EV Battery Introduction < 1

47 EV Battery 2™ life applications and benefits
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1.2 2nd Life of EV Battery

Introduction < 1

47 EV Battery 2™ life applications and benefits

Low Cost ESS applications
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1.3 2nd Life Battery Market introduction €1

47 The number of end of Life EV battery in Korea

‘25, 750MW ESS(2"d Use) about USS 112 Millions and 2,250Ton Battery Recycle
’30, 5.9GWh ESS(2" Use) about USS 590Millions and 11,820Ton Battery Recycle
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2.1

Global Applications

#7 Global EV Battery demonstration
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2 .2 Applications in Korea EV Battery Reuse & Re-fabrication ¢ 2

#7 280kWh Used Battery ESS operating in Hyundai Steel

BESS sourced by 15 EA, lonic EV(28kWh) and 12 EA xEV Battery




2 .2 ApplicatiOnS in Korea EV Battery Reuse & Re-fabrication ¢ 2

# 445kWh Hybrid (Used battery + New Battery) ESS

Hybrid ESS(New Battery 344kWh+100kWh Used battery)




2.2 ApplicatiOnS in Korea EV Battery Reuse & Re-fabrication €2

/7 EV Charge station (ESS), 250kW/220kWh, e-gopang, Juju
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2 .2 ApplicatiOnS in Korea EV Battery Reuse & Re-fabrication ¢ 2

# Used Battery UPS
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2.2 Ap plicatiOnS in Korea EV Battery Reuse & Re-fabrication

# Reuse & re-fabrication list

Applications Date Capacity Used Battery Source
Hyundai Steel ESS "17.10 250kWh EV lonic 10 EA
EV Charging Truck ESS "17.11 50kWh/75kWh EV lonic 5 EA
Jeju Substation UPS 17.12 10kWh 2EA EV Passenger Car 1EA
Hyundai Steel ESS '18.11 1MW EV lonic 40 EA
Energy Dream Center ESS "18.12 200kWh Evic E-Bus 5EA
PV Station ESS "18.12 100kWh Evic E-Bus 1EA
Jeju EV Charge Station ESS "19.08 220kWh i3 10 EA
Hyundai farm ESS "19.10 134kWh i3 10 EA
SK Station EV Charge ESS "19.10 200kWh SM3 Z.E. 10 EA
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2 .2 Applications in Korea EV Battery Reuse & Re-fabrication ¢ 2

#7 Process design of Reuse, Re-fabrication
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2 . 2 Ap P lications EV Battery Reuse & Re-fabrication ¢ 2

# 2" Life Battery Applications
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2 .3 Infra Stru Ctu re EV Battery Reuse & Re-fabrication ¢ 2

#/ EV, ESS Battery reuse Center by KBIA
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2.3 Infrastructure

# EV-ESS 2" Life Process

@ EV Used Battery
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2.3 Infrastructure

#7 Process design of Reuse, Re-fabrication
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2 A 3 Infra Stru Ctu re EV Battery Reuse & Re-fabrication

#7 Process design of Reuse, Re-fabrication

End of EV Battery evaluation process for reuse, re-fabrication and recycle
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2 .3 Infra Stru Ctu re EV Battery Reuse & Re-fabrication ¢ 2

#7 Process design of Reuse, Re-fabrication

mmmn Detail Process
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2 A 3 Infra Stl’U Ctu re EV Battery Reuse & Re-fabrication ¢ 2

#7 Process design of Reuse, Re-fabrication
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2 .3 Infra Stru Ctu re EV Battery Reuse & Re-fabrication ¢ 2

#7 EV Battery Pack & Module Evaluation Test System
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2.4

Economic Analysis

EV Battery Reuse & Re-fabrication

2
# Reuse vs Recycle

{J EVUsedBattery: 12ea(‘17) »1,464ea('20) »9, 155ea(’22)
O HEV Used Battery: 3,657ea('17) »19,167ea(’20) »74,988(22)

] I
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4.1

Recycle in Korea

#7 Clean Recycle Technology

The Flow Chart of Lithium Battery in recycling center (Ton/2015)

1] Supply Materials

> Supply Materials

> Disassemble
& Crushing

EV Battery Recycle

> Hydro-metallurgy } >

4

Products

1) Domestic(1,418Ton)
» KERA (Electronics Recycle)

+ Battery Manufacturing(1,130)
- By product from Process
-Scrap

« Vehide OEM (282)

2) Oversea(1,341Ton)
* Metal Powder(1,209)
« EOL Battery(132)

3) Ete(1,756Ton)

Materials(4,515 Ton)

* Cylindrical (1,747)
* Prismatic(1,707)
* Pouch (334)
*EV
* Etc(727)
NCM, NCA, LFP, Ni-MH,
Mn, LCO

Disassemble &
Crushing

* C.P, Laptop

* Discharge by Saline water

* Crushing

e Metal Powder

e Metal Power

* Leaching

* Filtering

¢ Solvent Extraction

Hydro-Metallurgy

Co Powder (1,746)

Cobalt Sulfate (642)

Ni-Metal (297)

H2MnS04(479)

Waste
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4.1 Recycle in Korea EV Battery Recycle (4

# Current Process

= Processing Method : Include purification and separation, through hydrometallurgy process

after physical pretreatment

Sourcing raw materials on domestic overseas Purification and Separation by solvent
extraction Hydrometallurgy process

4»

Chemical * Easy variation of material change

Separation &
Purification

Physical

Collect Treatment

* High recovery rate
* Recover Co, Ni, Mn, Li
Hydro metallurgical Treatment * Low equipment cost

* Low Energy consumption




4.1 Recycle in Korea

# Current Process

Dischargin

- Cu, Al, PE/PP

- some amount of LiCoO,, C

Co:37%, Li: 4%

EV Battery Recycle < 4
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4.1 RECYCIE in KO rea EV Battery Recycle < 4

# Current Process

Leaching Filtration Storage Tank Solvent Extraction

NiSO, * 6H,0 CoSO, * 7H,0 MnSO, * H,0 - 26 -



4.2 Clean Recycle Plan

#7 Electrochemical recycle process

n Used EV Battery

Used ESS Battery

Repaired anode material w {
— < Regenerated A
€ cathode material —_
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> 80% (Reuse)

> 65% (Re-
Fabrication)

Pack, Module

Module

ESS, EV, e-Bus etc

ESS, e-Mobility, Street light

EV Battery Recycle

R&D to Mitigate Potential Critical Material Impacts

Low/No Cobalt Cathode R&D

19 kg’

DSkg ."

*Based on: 100 Ml-i batte:

NMCEZ

rfcl

Develop Lithium
Low-/No Battery
Cobalt Recycling
Cathodes R&D

Lithium-lon
Battery
Recycling Prize

Re(ell o

+ Decrease recycling cost

Recover critical and high
value materials

* Reintroduce recovered

materials into the material
supply stream

A $5.5 million phased competition over three years

Innovative |deas for Collection, Storing. and
Transporting Discarded Li-lon Batteries
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4.2 Clean Recycle Plan

EV Battery Recycle < 4

#7 Electrochemical recycle process
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