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Was mu§s erreicht werdfen damljc das EV.elne echte Quelle: @LiMotive
Alternative zum ICE-V wird (Basisszenario )?

Geschlossene
Wertschopfungs-
kette

Recycling

Lebenszeit

> 10 Jahre Null thermische Storfalle

> 250000 km

Leistungs- Alle Zellen gleiches Verhalten

merkmale

Normierung HEV: 40 €/kW - 25 €/kW
EV: 500 €/kWh = 300 €/kWh
— Standardzellen und EoS

HEV: Leistung > 5 kW/kg
EV: Energie > 200 Wh/kg Infrastruktur

Standardgehausung analog 18650
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Stand der Technik fiir Kathodenmaterialien

Lithium-Kobalt-Dioxid

Lithium-Nickel -Kobalt-Aluminium

Lithium-Nickel-Magnesium-Kobalt-Dioxid

Lithium-Mangan-Spinell

Lithium-Eisenphosphat
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Vergleich der Kathodenmaterialien
(Aussagen zum Teil liberlappend mit andern Quellen)

Energle- Lelstungs- Kosten
h
m
LCO

NCA

LiNig goC0p 15Alp 050,

QueIIe

NMC

LiNig 33Mng 33C04 550,

LMO

LiMn,0,

LFP

LiFePO,
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Die Familie der Li-lonen Batterien im Automotiven Bereich hat 4 Mitglieder
Quelle: Advanced Automotive Batteries, Company Reports, Deutsche Bank

Figure 16: Battery technology comparison

I-|

Chemistry Wh/Kg Positives Negatives Makers AEplications
Lithium Nickel Cobalt Aluminum (NCA) 170 Wh Most proven Safety JCI/Saft HEV
High energy density Cost (cobalt / nickel) PEVE
High power Life expectancy
: Range of charge
Lithium Manganese Spinel (LMO) 150 Wh Cost life expectancy LG Chemical HEV
Safety Electrovaya
: — — — Low temp performance I
Lithium Titanate (LMO/LTO) 150 Wh Safety Cost vs. LMO EnerDel HEV
Life expectancy Energy density Toshiba
Discharge time AltairNano
Range of charge
Lithium Iron Phosphate (LFP) 140 Wh Safety Low temp performance  A123 EV/PHEV
Life expectancy
Range of charge
Cost

Souvrce: Advanced Awtomotive Battenes, Compary reports, Deutsche Bank
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Li-lon HEV Key Developers Cell Design Matrix
Quelle: Advanced Automotive Batteries, Company Reports, Deutsche Bank

m Packaging, shape, cell structure| cathode anode electrolyte

Toyota hard case, elliptic, spiral NCA graphite liquid
Panasonic hard case, elliptic, spiral NMC Am. carbon liquid
JCS (Johnson Controls & SAFT)  hard case, cylindrical, spiral NCA graphite liquid
Hitachi * hard case, cyl./ell., spiral LMO /NMC Hard Carbon liquid
AESC (Nissan & NEC) Pouch, prismatic, stacked LMO /NCA Hard Carbon liquid
Sanyo * hard case, cylindrical, spiral NMC / LMO graphite liquid
GS Yuasa hard case, elliptic, spiral LMO /NMC Hard Carbon liquid
A123 hard case/Pouch, cyl., spiral LFP graphite liquid

LG Chem Pouch, prismatic, stacked NMC | LMO Am. carbon Gel
SB-LiMotive (Samsung & Bosch) hard case, prismatic, spiral NMC / LMO graphite liquid
SK Pouch, prismatic, spiral LMO graphite liquid
Toshiba & EnerDel Pouch/hard case, prism., spiral LMO LTO liquid
AltairNano Pouch, prismatic, stacked LMO LTO liquid
Li-Tec (Evonik & Daimler) Pouch, prismatic, stacked NMC graphite / Hard Carbo liquid
Gaia hard case, cylindrical, spiral  NCA, LFP graphite liquid

Leclanché Lithium Pouch, prismatic, stacked liquid

NMC, LFP graphite /LTO
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Partnerschaften zwischen alten und neuen automotiven Wertschopfungspartnern
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Explorative Szenarien fiir die Elektrifizierung Quelle: @LiMotive
Basisszenario Brennstoffeinsparung EV Szenario
14
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Y Pack business
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Was fir Moglichkeiten haben wir Quelle: Konzernforschung

LiMnPO,; LiICoPO,

LiNiVO, :
Li2M Mhﬂo (M= Fe, Co) =
kathodenmaterlal 2

| LiNi,CoMn,0, 0,
_— LiMn, O, X'-lenoslu-x)Limoz (M = Mn, Ni, Co, Cr)

LiCoO,
—LiNiO,
— LiFePO,

V04

N WA O O

Anodenmaterial

Potential Li/Li+ [V]

Graphite Sn-M-C composites
! / : : P ]

A

o

Kapazitat [Ah/kg]
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Was wird gebraucht und was steht zur Verfiigung
(basierend auf NMC und LMO)

1.) http://minerals.usgs.gov/minerals/pubs/commodity

2.) The economics of Lithium, 11th edition, 2009, Roskill Information

Quelle: E3LiMotive

Rohstoff Ba5|s: B.r ennstofi= EV-Szenario Welt-. Reserve
szenario einsparung produktion

Aluminium

Kupfer
Lithium
Nickel
Kobalt

Mangan
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Wo stehen wir heute
Wo miissen wir morgen hin
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Notwendige Verbesserungen:

Leistung

bei tiefen
Temperaturen

Batteriesicherheit

Lebensdauer

29. F2F EVM

* Erhohung der Leitfahigkeit durch Beschichtung
e Erh6hung der aktiven Flache durch Nanopartikel

* Neue Elektrolyte
e Kleinere Partikelgrossen
* TiO, basierte Anoden

e LiFePO,, manganbasierte Kathoden
* Neue Separatoren
e Sicherere Elektrolyten

e Kathodenauswahl

e Verbesserte Elektrolyten

e Optimiertes BM

¢ Kalendarische Lebensdauer bei hohem SOC euv. kritisch

14
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Quelle: ACCUREC

Recycling von Li-lonen EV Batterien

RE Recycling Efficiency > 50% > Sept. 2012

exemplary composition of a battery cell

max. recycable components

- Nicke 32%
Cobalt 32 %
Mangan 3.2 %
Copper 19,0 %
Total 28,6 %
with consideration of C / Al
counted as reducing agent
Total 65,0%

Lithum
2,05

Aluminium
24,5%

Copper
19,0%
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Aktueller Stand der Recyclingoperationen

Company

Xstrata Nickel Corp.

Umicore S.A.

BATREC Ind. AG

INMETCO Inc.

RECUPLY S.A.

TOXCO Inc.
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Country

Canada
(Falconbridge)

Sweden
(Hofers)

Schweiz
(\Wimmis)

USA
(Ellwood City)

Frankreich
(Grenoble)

Canada
B.C.)

Process

Pyrolisation with subsequent
Hydrometallugy

Pyro- and subsequent
Hydrometallurgy

Granulation / Sieving

Pyrometallurgy

Granulation / Sieving

Granulation/Sieving, Neutralisation

16

Capacity

= 2000 t/a

< 2000 t/a
announcad 7000

<300 t/a

Linknown

<300 t/a

<300 t/a

Quelle: ACCUREC

EEEVELNG S8EH

Comments

no dedicated treatment,
recovery of primary Co/Ni ore

direct melting in shaft furnace,
only Ni and Co recovery

only pretreatment

mainly dedicated for NiCd’s,
only small tolerance for
Li-lon-Battery Input

only pilct plant for pretreatment

only pretreatment
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Ausblick in die nahe Zukunft Quelle: @L'MOt'Ve
Pb acid:
+ Cost
+ Recycling Li-lon: i Al
- Energy density + Energy density LiS Ll.all'
o -_.- go;::terdenslty ..—-—-' T
+ Temperature
Lifeti l
i ° Factor 10
- Environment : ossible
NiMH / oon p
iMH: -
+ Power density ‘ ngh Energy
- Cost 4
- Self discharge Li-lon
| | v High Power

Pb NiCd NiMH

Mature technology Introduced In development
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Das Moore’sche Gesetz: nichts fiir Batterien

~

Gordon Moore
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a chip has dropped

estimate that
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lts great to"go steady’with this
coo/ c/ean
laste !

Vielen Dank fir lhre
Aufmerksamkeit
und Prosit beim Apéro

Kurt Hug

Berner Fachhochschule BFH-TI
Abteilung Automobiltechnik
Biel/Vauffelin

Tel. +41 32 321 64 49

Fax +41 32 321 65 00

email: kurt.hug@bfh.ch
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