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Team

Dr. Daniel Garcia
« Life cycle assessment, process systems engineering, mathematical

programming & optimization
» Before BAH: ExxonMobil Life Cycle Assessment & Optimization Research

(2 years)

|

Dr Mikaela Algren

Life cycle assessment, technoeconomic assessment, materials flow

analysis
» Before BAH: Northwestern University Postdoctoral Work in Systems

Analysis for Emerging Water and Waste to Energy Technologies (1 year)
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Goal and Scope

> Goal
— Quantify GHG emissions and cost differences between
 Scenario 1: 3 battery lifetimes in today’s linear EV NMC 622 battery supply chain

(mined)

. Scenallrido 2: 1 EV NMC 622 life with mined materials + 2 with pyrometallurgically
recycle

. Scl?nario 3: 1 EV NMC 622 mined + 1 recycled + 2 remanufactured with 2nd-life
cells

> Scope
— 3 standard battery lifetimes
— Key assumptions

 Batteries made with pyrometallurgically recycled materials perform the same as
newly made batteries

. Eatteries made from mostly re-used cells perform 50% as well as newly made
atteries
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Scenario Definition

Scenario 1: 3 lives of NMC 622 batteries made from raw materials (mined)

first battery second battery third battery
A A A
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Scenario Definition

Scenario 1: 3 lives of NMC 622 batteries made from raw materials (mined)

first battery second battery third battery

Scenario 2: 1 life of NMC 622 battery from raw materials (mined)
2 w/recycled Co, Ni, Cu, and all other materials new

first battery recycled + raw materials recycled + raw materials
A A A
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Scenario Definition

Scenario 1: 3 lives of NMC 622 batteries made from raw materials (mined)

first battery second battery third battery

Scenario 2: 1 life of NMC 622 battery from raw materials (mined)
2 w/recycled Co, Ni, Cu, and all other materials new

first battery recycled + raw materials recycled + raw materials

Scenario 3: 1 life of NMC 622 battery from raw materials (mined)
2 lives of remanufactured pack with re-used cells
1 w/recycled Co, Ni, Cu, and all other materials new

re-used cells + recycled + re-used cells +

first battery raw materials raw materials raw materials
A A A A

CiM 20 - @

CHANGING WHAT’S POSSIBLE



Battery made with 100% raw materials

Cathode material Battery cell Battery module
i ” : » and pack
manufacturing manufacturing

raw materials, electricity, water, natural gas, labor
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Battery made with recycled materials (Co, Ni, Cu)

raw materials, electricity, water, natural gas, labor

| Pyrometallurgical recycling

Recovery: &
%22//%? Smelting +— Shredding | | Disassembly
88% Cu
Battery use
Cathode material | | Battery cell ) Battery module
. > . > and pack
manufacturing manufacturing .
manufacturing

raw materials, electricity, water, natural gas, labor
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Battery made with 90% re-used cells

raw materials, electricity, water, natural gas, labor

I

|

I

l Pyrometallurgical recycling \ I

Recovery: I

%221/; ?\ﬁ Smelting +~—— Shredding | | Disassembly :

88% Cu / '
Re-use 90% of cells I Battery use

/ |

Cathode material Battery cell Battery module

. > : > and pack
manufacturing manufacturing .
: : manufacturing

raw materials, electricity, water, natural gas, labor
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GHG emissions are lowest for re-use scenario

80
B Materials transport to manufacturing
70 B Cathode materials
1 Cathode manufacturing
é 1 Cell materials
- 50 B Cell manufacturing
E B Pack and module materials
1
g 40 B Pack and module manufacturing
(W B Transport to recycling pre-processing
g 30 B Disassembly
S—
@"' 20 m Shredding
E B Pyrometallurgical Recycling
10 B Module and pack remanufacturing
0
Scenario 1 Scenario 2 Scenario 3
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Costs are comparable for recycling and re-use

120
W Materials transport to manufacturing
m Cathode materials
100 m Cathode manufacturing
= Cell materials
—
'?c. &80 m Cell manufacturing
= ® Pack and module materials
S~
E 60 Hm Pack and module manufacturing
-?- B Transport to recycling pre-processing
ﬁ M Disassembly
8 40
H Shredding
W Pyrometallurgical Recycling
20
® Module and pack remanufacturing
0
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Stay In Touch!

Dr. Daniel Garcia

Daniel.Garcia@hg.doe.gov
(240) 479-1423

Dr. Mikaela Algren

Mikaela.Algren@hg.doe.gov
(202)-941-8424
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Assumptions

> Battery management systems, thermal management systems, and pack structures are
landfilled in all cases

> Only Cu, Co, Ni are recycled in pyrometallurgical recycling process
> Cost and emissions of landfilling materials is not considered

> After 1 full lifetime, 90% of cells from newly made or recycled batteries have 90% or more
capacity left in them.

— If these cells are re-used, battery lifetime is halved while energy in kWh is the same

> Capital costs related to battery manufacturing are assumed to be small over the lifetime
of the facilities and are not considered

— Capital costs related to recycling are considered

> Transportation and processing costs of raw materials (upstream of cathode
manufacturing) are assumed to be included in the raw material market prices on Everbatt

> Mass of “spent battery” = mass of “pack”

Crpa-ce

CHANGING WHAT'’S PC 31



- If it works...

- will it matter:
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