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Lithium-Sulfur/Silicon Battery Research

[ coordinating a collaborative project on Li-S/Si battery materials development & design
— up to 2-fold higher energy content (Wh/kg) compared to lithium-ion batteries

Volkswagen AG

- cell specification & durability tests Tromp (Chemistry, TUM)
Jossen (Electrical Eng., TUM) - polysulfide diffusion
- thermal management via in-situ XAS

- performance & aging mod/gling
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- synthesis of Si-based electrolytes - Li*-cond. solid electrolyte synthesis
% fBu”r”Bdi?iTﬁ'S e Wacker AG Sid-Chemie AG (sub-contract)
und Forschung - electrochemical/thermal stability - commercial Li*-cond. solid electrolytes
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Battery and Fuel Cell Research Challenges
for Electric Vehicle Applications

Hubert A. Gasteiger

Technical Electrochemistry
Chemistry Dept., Technische Universitat Miinchen

[T

[ All-Electric Vehicle Challenges (FCEV, BEV)
0 Lithium-lon Battery (LiB) Limitations

O Lithium-Air Batteries
stability towards superoxi
- effect of gas & electrolyte impurities
- reactions during charging
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SEO IS

since #2008: 500 km (70 MPa H,) ) 7 ’(Mr”——

— H,-refueling in <5 minutes

Q.'> H, generation & distribution infrastructure...

[ catalyst cost & supply (100kW car):

current cars: =0.5 g, /kW = 50g,,/car — >10x vs. automotive emission catalysts

long-term: <0.1g,,/kW = <10g,,/car — large-scale commercial viability

U catalyst durability:
2800/4000 h (average/projected)” vs. 6000 h target — C-support corrosion & Pt-dissolution
— advanced catalysts & controls

Q{> key technology enablers: ultra-high activity Pt catalysts or non-Pt catalysts

") DOE test fleet data: Jennifer Kurt; “Analysis of Laboratory Fuel Cell Technology Status — Voltage Degradation”;
Excerpt from the 2011 Annual Progress Report. (November 2011):
http://www.nrel.gov/hydrogen/proj_fc_analysis.html
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Electromobility Challenges: BEVs

) battery system weight & cost:

120 Wh 3 me-plate/ K8system (T€SIa) = highest Wh/kg battery pack,but complex system
— 400 km range (53 kWh . . ...): #450 kg and > 13000 € (2030 projection™)

[ safety:
short-term: complex hardware and controls

long-term: less flammable active-materials & electrolytes

Q.'> higher energy content, improved'safety, & low-cost batteries are needed

*) “Transitions to Alternative Transportation Technologies — Plug-In Hybrid Electric

Vehicles”,

National Research Council (2010); see: www.nap.edu/catalog/12826.html

Tesla EV (2009)
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Electromobility

Electromobility = car + ... + ...

[J demand: ¢ lowered/zero fossil fuel consumption
¢ significant reduction of CO, emissions

distribution <electricity
& storage hydrogen

life-cycle CO, savings x market-penetration = societal benefit
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BEV Battery Weight & Cost

) projected performance of today’s LiB technology: - 200 Wh/kg,iery-pack
- 95% discharge efficiency
- 80% state-of-charge range
- 250 €/kWh ")

name-plate

[J energy required for small 4-passenger car: - 100 Wh/km®™

150 km range = 500 km range

required net energy: 15 KWh et 50 kWh et
required name-plate energy: 20 kWhpame-piate - 66 KWhpame-plate
battery weight: 100 kg 330 kg
battery cost: 5000 € 16500 €

Q{) current cost & weight >2x higher
— market penetration limited by “range anxiety” ?

) F.T. Wagner, B. Lakshmanan, M.F. Mathias; J. Phys. Chem. Lett. 1 (2010) 2204
) “Transitions to Alternative Transportation Technologies — Plug-In Hybrid Electric Vehicles”,

National Research Council (2010); see: www.nap.edu/catalog/12826.html —
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Range Extension — Approaches

J multiple potential pathways
within different disciplines

Management & Mobility
Concepts

= integrated mobility

concepts range v

Vehicle Components
& Design

= light-weight matls.
Wh/km | . aqy. cooling/heating
= electric drive effic.

Q> multi-variate problem with many inter-dependencies !
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Rapid Charging

O charging time:  t..zing = KWhyery / KW 001 — ~50 kWh in 5 mins.=0.6 MW !

20 1At E'i_ﬂ'“' ieg_ E Assumptions
- i DUDICH B * 18 kWh/100km spec. consumption
om & _|Schuko-Plug @ Home * 40 km/day average distapce
— . 16A, 230V: 137 min « 7,2 KWh/day energy requirement
£ i ' » cycle efficiency: 85%
.§. . / 3-Phase Charging
2 B A4 3x16A, 400V: 46 min
[ u :
2 ! / 1 (R
By 170 - [ / ll 3 /E J
g i / accelerated DC-Charging ~» ﬁ
- 3x63A, 400V: 12 min 5
50 k‘\ :
: " ( Technology Gap! > from: .
I ] ~ high effort, little use E.ON presentation
0 T T 7 ™ T —= T T T T T - at the IAS Opening
0 T 20 3V 4L L & NV & D 1MW 1M R by J. Eckstein
Power Supply [kW] (Oct., 2010)

Q{> rapid charging: - lowers battery life and charging efficiency

- question—r electric utilities

— long-range BEVs: post-LiBs
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O All-Electric Vehicle Challenges (FCEV, BEV)
O Lithium-lon Battery (LiB) Limitations

O Lithium-Air Batteries
- stability towards superoxid
- effect of gas & electrolyte i
- reactions during charging
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Li-lon Battery Principle
[J intercalation / deintercalation of Li* ions in host structures
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Graphene Li*  Solvent L|MO2 layer ( 2011) 928

structure molecule structure

LiC, > Li*t+e"+6C  Li*+e +2Li,;Co0, — 2LiCoO,

(E,~ 0.1V vs. Li/Li*) (E,~4.2 V vs. Li/Li*)
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Limit of Lithium-lon Batteries
O specific energy, E,, of LiNi,;;Mn, ;Co,,;0, / Graphite (+/-):

LiNi,Mn,C0,0,/C

specific capacity of electrodes [Ah/KJelectrodes): 110
cathode voltage (positive) [V] 4.0
anode voltage (negative) [V] 0.1
battery voltage [V] 3.9
specific energy of electrodes [Wh/Kgectrodesl: 430

9
[ specific of cells and battery-packs: M Separator
. 8 M Electrolyte
- electrodes: *70% of cell weight A
Near-Term M Negative Current Collector
(rest: current collectors & electrolyte) ’ USABC | @ positve Current Callector
Pack Goa
—> LiNi1/3Mn1/3C01/302 / c: 3300 Wh/kgce" = 6 i Negative Electrode
_:E Long-Term | g positive Electrode
g 5 USABC
% long-term projection: * PackGoal | W Pack Components
S 4
200 Wh/Mack 2
3
(from F.T. Wagner et al.)
2
1 from: F.T. Wagner, B. Lakshmanan,
alternative batteries=“post-LiBs” ? M.F. Mathias; J. Phys. Chem.
o Lett. 1 (2010) 2204
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O All-Electric Vehicle Challenges (FCEV, BEV)

O Lithium-lon Battery (LiB) Limitations

Q Lithium-Air Batteries
- stability towards superoxi—
- effect of gas & electrolyte impurities

- reactions during charging
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Post-Lithium-lon Batteries

(3 compound formation / alloying rather than intercalation in host structure

LiNiPO, N
LiCoPO modified from: J.-M. Tarascon & M. Armand,
2 Nature 414 (2001) 359
o> L, Mn, MO, /7
i - —_ L|1_xC01 —yMyDZ
Liy_Niy_,. COM,0, [M=Mg, Al...]

i A Polyanionic compounds [Li, VOPO,, Li,FePO,] o
= ~LiMn, M0, [M=Cr, Co,..] Li/air
0 3 ”
a Vanadium oxides
> | [VED,‘Sa I—N3OB] .

z MO, Li/sulfur
= " -a,

‘f—g 2 — .. 'E'R L
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&y “post-LiB”: Li/air and Li/" batteries'with or  anodes
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