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The start of Carbon Neutral in Japan
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“A number(electricity target, see next page) of 2030 target
that came out of a political decision. It is not a figure that

has been accumulated with precision and has no basis in
fact. “ (comment by Ministry of Environment)
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“The figure of 46 % CO, reduction compared to 2013’s CO,
achievement came to mind dimly. “

(previous minister’'s comment)

Wedge November 2021



The start of Carbon Neutral in Japan
« IRIE BN BADEEREDENEICTES,

Energy policy will be a drag on Japanese economic growth.
o« IRRZFRDBERICAHFIUADEIREZ DFFC RABDDINEND D,

The need to calmly assess the risks and realities
associated with decarbonization policies
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Percentage %

Current status and targets of power generation mix
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There are six plants that have not
received the agreement of the

local governments and are still
waiting to be restarted in spite of
getting permission.

https://www.fepc.or.jp/theme/re-operation/
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Annual BEV sales and target for EU, US and CH
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Lithium-ion battery demand in the world

https://newswitch.jp/p/29008
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Sales, disposal and cumulative num.

Accumulated the Num. of BEV miillion cars

Li price hike
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Top 10 Japanese car export partners

https://www.customs.go.jp/toukei/suii/html/data/y8_ 1.pdf

US
China
Australia
UAE
Canada
Russia

UK
Taiwan
Germany
Others

3.8 tri. JPY
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China: 0.79 tri. JPY
|
UAE: 0.42 tri. JPY Aust.: 0.70 tri. JPY



How to recycle lithium from oversea




Lithium ion battery

Battery 60 kWh for 340 km range
Total pack weight: Ca. 430 kg

Separator

Cathode (+)

Aluminum Current >

Collector

Electronv

Electrolyte

Anode (-)

Copper Current
Collector

Carbon
Lithium Ion

in Battery
Material [kg / kWh] 60 kWh
[kg]
Anode Graphite 0.89 53.68
Co 0.18 10.74
Cathode _
Mn 0.17 10.11
Lithium
(in Cathode and 0.19 11.37
LiPF6)
Current Al 0.17 10.11
Collectors Cu 0.25 15.16
Electrolyte LiPF6 0.63 37.77

* AVL data




Current recycling of Li-ion battery
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/ black mass \

Melting slag

Incineration




Disassembly of lithium-ion battery

Governing equations for battery modeling

Concentration(C, ,C, ). Diffusion (D, D. ). Potential(¢,, ¢, ). Electric
Conductivity(k,0) are changeable at different temperatures.

e” transport in active material e” transport in electrolyte

0 6(]55) .Li d ( 6¢e) d ( aln(Ce)) .Li
o) —jlizg (1) = - =0
0x (U dx J 0 dx K dx T 0x i 0x tJ 0@

Li-ion transport in active material Li-ion transport in electrolyte

dC; Dg 0 ( 2665)

9Cs _ 9Cs 3(geCe) _ @ (1 0Co\ , 1t .p;
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Interface between active material and electrolyte

)

T a a aF aF
]Ll = ask(Ce)a(Cs,max - Cs,e) (Cs,e) lexp (ﬁ 77) — exp (_ _7)>]

Li-ion Battery pack for PC

Voltage V
Capacity mAh 200

Num. of cell 4
Cell type Cylindrical




Disassembly of lithium-ion battery(1)

* Never imitate us !

Start

Completely discharge
the battery !



Disassembly of lithium-ion battery(2)

* Never imitate us !

Prototype Li-ion Battery cell

Capacity Ah 26
Voltage range V 3.75
Anode active material Graphite

Cathode active material | LiMn204-
LiCo1/3Mn1/3Nil1/302

Solvent EC/EMC/DMC

Salt LiPF6




Disassembly of lithium-ion battery(2)

* Never imitate us !

Start

Completely discharge
the battery !

Drilling holes for Simple type Drafter
extracting electrolyte filled with argon

Drying

Extracted electrolyte Degassing and drying



Cutting on the sideé

Ultrasonic cutter Cutting around the top lid
Spark for shorting the circuit

Disconnecting the top and Removing the sides Finish ( 20 min. )
sides



Direct recovery takes log time for unit

cell
Inactive gas draft chamber is needed.

Sometimes dangerous, especially,
shorting circuit and electrolyte ignited

by the spark




Lithium recycle engineering

Electrolyte
Separator Anode (-)
Copper Current
Collector
Cathode (+) T
Aluminium Current il < J
Collector ® o

g ( @& -

Li-Metal
Carbon
Lithium Ion

Li-Metal

Electron Oxides

Stack — Module — caell

Hydro-Metallurgy

" Wet Processing %,
e.g. leaching

discharge,
sintering

. Al & Cu
Shredding ->

Pretreatment

electrode
materials

Mixed
salt
solution

Solvent
extraction

Pyro-Metallurgy

High temperature process,
e.g. smelting or burning

discharge,
Pretreatment )
sintering

Smelter

Al, Li

l

Hydro
So\V=p1e . Metallurgy

extraction

* AVL data



Future Lithium recycle engineering

Electrolyte

Separator Anode (-)

Copper Current
Collector

Cathode (+)

Aluminium Current ® @
Collector

Li-Metal
Carbon
Lithium Ion

Li-Metal

Electron Oxides

Direct Recovery

(R&D) mechanical removal
of cathode material

discharge,
Pretreatment i
sintering

Preliminary paElectrolyte

processing

Foils/
plastic

Separation

Cathode

+ high material recovery yield

___ and efficiency
Prelithiation
- R&D status only,

feasible for cathode mat.

* AVL data



Sales, disposal and cumulative num.

* Li price hike
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Carbo

n neutral fuels

- DAC

- Bio-mass

- Recovery from waste

CO,

H,

- Water electrolysis

using electricity

from renewable

ene

rgy sources

FT synthesis

> Synthetic fuels —

/ Methanation —— Methane

Naphtha Gasoline

Kerosene Jet

Diesel oill

Heavy oll

\ Methanol synthesis — Methanol

https://www.enecho.meti.go.jp/about/special/johoteikyo/gosei _nenryo.html



GHG Emissions for Fuels Well-to-Tank / Tank-to-Wheel

co, COLLECTED WtW in gCO.,__/MJ,
--------------------------- <FROMATMOSPHERE

Fossil ; Gasotine | 47

Based : : i '

Fuels : SR P iceConbusion i 734 57

Hydrogen via SMR Electrolysis on EU Mix avg. Electricity/Fuel Cell “ Central Steam Referming 74,3 i
: 1) Natural gas, 2) pipe line transport & distribution
Ethanol based on EU wheat

CO, Capture Renewable -71,4 " 'J/1Ce Cambustion Tew 71,8 1/
ICE Combustion TtW 71,4

s

Biodiesel based on rapesked

CO, Capture Renewable -76,2 fva W/[L iCE Combustion 1tw 76,2 ff /]

R . Canture Ronewanie 710 | Cltvaror T o 77 RO i iomass
Ethanol based on Brazilian sugar cane CO, Capture Renewable -71,4 ICE Combustion TtW 71,4 I I ‘ Based
Ethanol based on EU wheat%straw CO, Capture Renewable -71,4 I I. I-E:if '96_"’1'—@ g_t'-é'-'-_f_“-'l’?i_n ‘-‘, / I I I ié Fuels
raw baling, 14) Straw transport ||
Electricity 5 Hydrogen EU Mix Electricity/Fuel Cell* H Powerplant & Electrolysis 213,3 ﬂ
Based Hy#rogen Renewable Sources Electricity/Fuel Cel‘l" : n 18) conditioning & distribution'i

Fuels : D . !
Syn Fuer" 16 Cambuston 0w 708/ 19) Fuel distribution
5 : i & dispensing, EU electricity mix

*High \i(oltage supply, central electrolysis, 880 bar at Retail sfte.

**Central electrolysis, H, pipeline transport, 880 bar at Retail site. | Q
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If the reduction of CO, emissions in the industrial
sector in 2030, the steel industry may stagnate.
This will make economics worse. On the other

hand, Europe will probably press us hard to reduce
CO, emissions.



Summary 2
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The spread of BEVs requires low-cost batteries, but

the profitability of the recycling business is not
commensurate. The establishment of battery
recycling will mean a rise in the price of resources.



Summary 3
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If battery recycling does not proceed, the
lithium from the large number of electric
vehicles that will be disposed of in the future
will not be recovered and will be dissipated.
Thus, need strong incentives for lithium
recycle business. Lithium recovery from
batteries to be exported is also an issue.




Summary 4
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Hydrogen fuel is a promising carbon-neutral fuel
from a production standpoint. For carbon-neutral
fuels containing carbon, C atoms should be limited
to DAC-derived, bio-mass-derived, and waste-
derived. Fossil fuel-derived carbon cannot be used.



Summary 5
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When using Drop in Fuel, it is desirable to

S THS.

19 HENER

19

use renewable energy as the energy required

for synthesis.

If biomass and renewable energy are used

for fuel production, synthetic fuels are

advantageous in W2W.
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