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The Swiss Way of Energy Storage
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Energy Storage in Transport Sector
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Energy Storage in Transport Sector
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Hybrid Vehicles
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Electrochemical Energy Storage in Batteries
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History

* about 2000 years ago:

first known battery from Khujut Rabuah (near Bagdad),
excavated in 1938

Copper
Cylinder

Electrolyté Solution

A 2 Volt cell using fruit juice as an electrolyte...
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History

* 1834 - 1889: Raymond Gaston Planté
— “Father” of the lead-acid battery
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Batteries

Primary Secondary
(rechargeable)
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Changing Requirements

®* Operating temperature:
-40 — +60°C

» . Calendar life:
10 — 15 years

®* Cycle life:
3000 - 7000 various cycles

®* Charge/discharge rate:

®* Operating temperature:

+5 — +40°C 1-10C
®* Calendar life:
3 -5 years
®* Cycle life: ®* Operating temperature:
500 — 1000 deep cycles -20 - +50°C
®* Charge/discharge rate: ®* Calendar life:
0.5-2C 15 — 20 years
* Cycle life:
10000 — 15000 shallow cycles
®* Charge/discharge rate:
0.1-0.5C
oy - gEEER
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Mass distribution of the components of a NiMH battery (24 V, 10 Ah)

{gatlve active mass % mlve active mas@

Separators 1%
Current collectors

4%
Lead-through 7%
pres External
Electrode connections
holder 12% 2%
Frame 3% Electrolyte 13%

Casing/Overpressure
vents 14%
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Specific Energy
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Electrochemistry: Nonaqueous Electrolytes

Potentials of Li-ion battery materials (vs. Li/Li*)

positive
electrode

negative
electrode

Source: Solid Energy GmbH, www.solid-energy.com

e | iF

+—Li,Co00,

— LiyNiVO,

Lix[Mn].0;

Standard potentials of battery electrodes

- ~
© (2 o §8 g 6
5 =z = = S & =& T == 50 o
LilMnO,
Cd/NiOOH
Lithium-lon = ¥
< >
Pb/PhO,
< HO o
3 2 -1 0 1

Potential / V

* Wide potential window

* Very negative potential at the
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Batteries: Chemistry

Anode Electrolyte Cathode

(Diaphragm)
© ®
| | | |

(| Pb H2SOq4 PbO2 |
| Cd KOH NiOOH ~ 30 - 50 Whkg
12_2V | MeHx KOH NiOOH |
Systems | Zn KOH NiOOH |
A <l Zn KOH MnO2 | | ? ~50-80Whikg
S‘;‘/;'fe‘::: | Ho KOH NiOOH
| Zn ZnBr, KBr Br>-Complex | )
| Zn KOH 02 |
2-4Vv (| | Na B-Al2O3 Sx |
Systems | Na B-Al 203, NaAICIO4 NiCl2 |
Aprotic $ | Li Aprot. solvent + Salt MeOx | p ~ 80 - 200 Whikg
or solid | Li Polyether + Salt MeOx |
electrolytesl | Li Polyether + Salt Thio-org. comp.| ||
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Batteries

Bl Energy density [Wh/kg]
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Batteries !
Rate of self-discharge of some
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Batteries and Cells

Il Electrochemical Cell 4o
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The Electrochemical Cell
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Electrochemical Cells

< ©

During the current flow in an electrochemical cell
are the processes on both electrodes coupled.

ﬁ' - D

Charge ‘ Char?e
transfer Mass transfer

transport

Electrochemistry Laboratory — Batteries



PAUL SCHERRER INSTITUT

o ]

24/49

Electrochemical Cells
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Electron-conducting phase

sometimes also
lon-conducting

(e.g., metal, semiconductor,
graphite)
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Electrolyte
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Electrochemical CeIIs
L
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Mass Interface Mass
transport Charge transfer transport

Diffusion (D ~ 10-¢ cm?/s)

Diffusion (D ~ 10-1° cm?/s)
Migration Migration

Convection
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Polarization Curve
A

Open circuit voltage

Range of operation

— du/di ~ R,

Part load N __________

Cell voltage

Mass transport losses
(limiting current)
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Electrodes
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Electrode/Electrolyte Interface

Interface

Electrode
(Active material)

Electrolyte
(lonic conductor)
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Electrochemical Double Layer
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Electrochemical Energy Storage in Batteries

Lead-acid Lithium ion
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Lithium-lon Batteries: The 18650 Cell

1992 1994 1996 1998 2000 2002 2004
o Electrochemistry Laboratory — Batteries



PAUL SCHERRER INSTITUT

{1 Jom
The Battery Research
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The Challenges

o
‘ . Environment:% X ... ; recycling
‘- s Cost:

- cheap raw materials
- cheap technology

» Safety:

SAFETY MEASURES DISABLED!
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The Best System So Far: The Lithium-lon Battery

LiCoO,,
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Solid Electrolyte Interphase (SEI)
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Active Materials

Insertion Density w y Ah/kg E vs. Li,Cq D
compound [g/cm?3] (utilizable) | (utilizable) [V] [cm?/s]
Li, NiO, 4.81 | ~07 160 3.6 2107
Li,,Co0, 516 || ~0.5 140 3.7 1011
Li, ,Mn,0, 428 f ~1.0 115 3.8 5:10-10
Li,C, \ \22// ~1.0 360 0.0 109

e hne g
W e
(TR

. m w
\\ ‘-
28,80, P
e,

Electrochemistry Laboratory — Batteries



PAUL SCHERRER INSTITUT

i" y - b

Battery Electrodes
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Battery Electrodes
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Discharge Curves
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VL41M typical discharge at +20°C [M. Broussely, SAFT, 2005]
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Aging of Lithium-lon Batteries

“Aging of a battery can be defined as
the modification of its properties with

time and use.”
Calendar Life Cycle Life
Aging during Aging during
Storage Use
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Aging of Lithium-lon Batteries

Battery aqing will depend on
®* Conditions of use
(number of cycles, DOD, temperature, power, eftc.)

®* Module type and general cell chemistry
* Lithium-ion: LiCg/liquid electrolyte//Li(Ni,Mn,Co)O, [LiMn,O,]
* Lithium polymer: Li//dry polymer//vanadium oxide
* Lithium-ion polymer: LiCy/polymer + liq.//LiMn,0,

Cells — Q (Ah)
Test — Temperature
conditions
— DOD, SOC
Materials
__ U (upper limit, floated charge = side reactions

lower limit =corrosion)
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General Degradation Mechanisms of Positive Electrodes

binder
decomposition

oxidation gas evolution

of conductive
particles
electrolyte
corrosion BasmOn decomposition
of current RERERRRER structural

disordering surface layer

collector '
formation

dissolutig

loss of contact to

conductive particles U S —

re-precipitation of ~ Mmigration of
new phases soluble species
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Changes at the Negative Electrode

Contact loss R

Binder reactivity

SEI growth

Current collector @
corrosion

. Current collector

O Graphite
@® Conductive additive
O Binder

> Electrolyte decomposition
products, SEI
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Factors that Influence Aging during Storage

* High temperature, above 50°C is considered as critical

* Self discharge increases with state of charge (SOC)
* Both mechanisms are additive
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Recommendations

* Avoid high temperatures, both during storage and
operation!

* Do not unnecessarily charge the cells/modules!
* Avoid full discharge whenever possible!
* Store cells at 30-50% charge level!

* Store cells at low temperatures!

iy - SEEER . .
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Conclusion: Why Lithium-lon Batteries?

* Mobile phones

* Notebooks, organizers
* Vehicle applications

* Emergency power

* Low weight

* High energy- and power-density
* Efficiency >90 %

* Very low self-discharge rate

* >1000 cycles
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-TiS —Li | v.O,-Li | FeS,-Li
LiAEsFE LiAsF, Org.
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LEAICI
zn | MnO,-Li NIOOH_MH |

LICiEII KOH

FeS,-LiAl | NIOOH-H, 0O.-Al
LUGiker | won - | KOHMNaoH

The Battery System
Tower of Bable

B-ALO,*

0.-Al{ 0,-H, |cucl-Mg | CaCrO,—Ca| O.~Zn
M \HEF‘Df J 1 LicLKer KOH |

MG, MNaCl
0,-H, _|Agci-Mg | MnO,-zn|0,-H, AQED--Gd\

Li,CO/K,COX | "Nacl KOH | KOH | KOH

PhO,-Sb | MnO,-Mg | NIOOH-Zn| poq,0-Zn HyO-Cd
H,50, | Mg(CIO,), KOH KOH KOH

PbO,-Pb | PbO,-Zn | NIOOH-Cd | HgO-Zn |.
HCIO,-HBF, |  pH, KOH KOH

PbO,-Pb| MnO,-Zn |NiOOH-Fe|CuO-Zn
H,50, |NH,CI-ZnCl, KOH KOH
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