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Energy turn-around
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Annual renewable share of net electricity generation and load in Switzerland
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Electricity generation and ;c;?\m,m
demand in week 5 2026 N

SALZBURG
Net electricity generation in Switzerland in week 5 2026

Energetically corrected values
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Electricity generation and ;%mm
demand in week 31 2025 N

SALZBURG
Net electricity generation in Switzerland in week 31 2025

Energetically corrected values
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Consequences of increasing H LODRON ___
4
renewable energy shares

SALZBURG
 Wind, sun and water are neither constant nor demand
oriented energy sources

* Alternative energies generate strong fluctuations in the
energy production, that are not related to the load

* Necessity for energy storage or distribution
http://ec.europa.eu/research/energy/pdf/smartgrids en.pdf DOI:10.1109/ECCE.2011.6063795
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A Annual demand for electricity  Household Village City of Regensburg Major city: Berlin
of households® (2 persons) {100 Inhabitants) [150.000 Inh.) (3.5 Mil. Inh.]
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M. Sterner and I. Stadler, Energiespeicher. 2017, Berlin: Springer, Abb. 12.2



Technical solutions - Ener Pey:
n gy U
storage - Batteries s
H Lithium
Lead- _lon
Acid
Technologies Sub-technologies Use Energy installed Power installed
capacity capacity

Electrochemical _ _ _
Lead acid batteries (Pb-Acid) FTM/BTM up to 10MWh Some MW

Lithium-ion batteries (Li-ion) - FTM/BTM up to 100MWHh Several MW
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M. Sterner and I. Stadler, Energiespeicher. 2017, Berlin: Springer, Abb. 12.2
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Oxidation and Reduction

e Oxidation: Loss of electrons

Example: Rust formation:

Fe - Fe’*+3 e

* Reduction: Electron gain

Example: Rust formation:

www.chem.umass.edu
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Electrochemical potential of
half cells | =

P
L
U
S

Single electrode cell (half-cell)

Potential difference | AQ a[ A is the Galvani potential (= electrochemical potential
difference of a half cell)
M

* Right after dipping: chemical potential is not in

equilibrium.
o * MT* goes into solution or deposits on the
Positive metal <@ '
ions g e D electrode
@ ° W » e Charges are built up and a double layer is
T @ formed at the electrode/electrolyte interface

Negative < (M) . : : . s

o . A potential difference A (Galvani potential) is

G}@ © (E:‘j generated at the interface
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Electrochemical potential of half cells Il "

<
= To calculate Ag in equilibrium, the equality of the chemical potentials for the

species |y + is used. For electrochemical systems the potential needs to be
considered as well.

wCcr o

In equilibrium:  py+(solution) + zF@y+ (solution) = py+(metal)+ zFy+ (metal)

M: chemical potential  : electrochemical potential F: Faraday constant
z: charge A@: Galvani potential

zFAp = zF(@,+(metal) — ¢+ (solution)) = py+(solution) - p,,+ (metal)

With py+= pom+ RT In @y, and ay,, : Activity (M*) = [M*] for small concentrations [M*]

Ao = im+ (solution) — pM+(metal) upr4 (solution) — uM+(metal) l [M* (solution)]
P = zF zF zF [M*(metal)]

(solution) — uR,H (metal)

g
W|th A(po = Mt ZF

and [M*(metal)] = 1

Nernst equation: Ap = Ay + g In([M* (solution)])



Electrochemical potential of half cells I "
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&

Uy+ (solution) > py+(metal)

Uy+ (solution) < py+(metal)

= Metal ions are deposited on the electrode =
= Metal is charged positively
= Solution is charged negatively

For example CuSO,/Cu

Ap(1) = Apo(1) +— In([M*(D)])

= Metal is charged negatively
= Solution is charged positively

For example ZnS0O,/Zn

Ap(I1) = Apo(ID) + ~— In([M* (ID)])

Metal ions are dissolved from the electrode



Galvanic cell

AE

() e -
_ ) (I
Cu/CuS0O, _ T e Zn/ZnS0O,,
A 4
+
+

Nernst equation for two metal electrodes (valid only in equilibrium = no current ):

RT M (I
AE = Ap(D) — A1) = Apo(D) — Apo(ID) +— In ([[M+((H))]])

Concentration dependence: There is a potential RT c.(MH)

. —_ 1
difference between two metal electrodes of the same AE = P (—C (M+))
kind immersed into different concentrations M* ?
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Standard electrode potentials ESS'SON

Reduction Standard
Half Reaction Potential (V) 4¢,

+ 20 = 2F +2.87

1‘ 5 oh2 1 67 Noble metals:
+ - : + + P .
- € b ' Positive potentials
o + 2e0 = 2CI +1.36
© 4H* + de- = 2H,0 +1.23
2 i o
N + e o +0.80
S + e a +0.77
o + 2e 5 +0.34 Potential scale: O level is at
2 + 2e i 0.00 standard hydrogen electrode (SHE)
5 + 26 5 013 Energy scale: O level is vacuum level
= 3 '
7 + 2e ﬁ -0.44
+ 2 ".E—E -0.76
+ 3e T -1.66
Mg  + 2e J’ -2.36
i + le° -3.05

www.chem.umass.edu

Univ. Prof. Dr. Simone Pokrant Chemistry and Physics of Materials




Standard electrode potential

(measurement) ‘s’

Standard electrode potential

Standard electrode potential Po 'S the_ individual potential of
Haltcell with metal M clectrode [ Sandard iyarogen Blecirode | | SV ErSIDIE electrode at
under standard conditions | (SHE) I standard state versus the
| |
| | | standard hydrogen electrode
| . I
o i || (SHE):
High-resistance : 1 bar / i
M M=+ e voltmeter | Het + e—1/2Hz >i ExcessH: |
| - 1
Salt bridge | — i
S ] | Hy electrode:
P—1 bar | es| 1| CONCENtration of 1 mol/L [H"]
g I = |
T=298K | ' | gases at a pressure of 1 atm at
| |
| H+ solution | i I 25 °C.
) (:)—" i lmolfdnﬂ\‘u_ H i
Py i M| -
H+ 11 |
@ T~ i Pt foil - |
& ® )M+ solutioni (‘ i / i
wiww,substech.com Ilmel/dm* ——7""—" """~~~ """ ————~—

www.substech.com
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Galvanic cell

SALZBURG

Salt bridge

(1) -
Cu/CuSO, . +

(IT)
Zn/ZnS0O,

el. Conductivity

ion conductivity can v can
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Standard electrode potentials Pey.--o.
e
Reduction Standard
Half Reaction Potential (V) 4¢,

+ 20 = 2F +2.87

1‘ + 20 167 Noble metals:
= © ' Positive potentials
o + 2e +1.36
© 4H* + 4e- +1.23
2 &
N + e 3 +0.80
S + e a +0.77
ey
9 + 2e % +0.34 Potential scale: O level is at standard
”é, + 2e o 0.00 hydrogen electrode (SHE)
o + 2e g 013 Energy scale: O level is vacuum level
® + 2e o -0.44
+ e Q 076 Electrolyte stability window is not at
=3 : . H
+ 36 > 166 the «right» .place. H,O/H, isat0V
¢ Overpotential of Zn: 0.77V, therefore
g - - .
Mg t 2Ze 2.36 stable in water
Li* + e -3.05

www.chem.umass.edu

Univ. Prof. Dr. Simone Pokrant Chemistry and Physics of Materials




Galvanic cell

e . o
-+ - O,
Cathode - Salt bridge Anode
Reduction - © Zn?* 8 Oxidation
© e
(N nl S0, : (Il
CuS0, / Cu e ¥ ) u ZnS0,/Zn
1M . 1M
- +

Ap() = 0.34V Ap(1l) = —0.76 V

Nernst equation for two metal electrodes (valid only in equilibrium = no current ):

RT M (I
AE = Ap(D) — A1) = Apo(D) — Apo(ID) +— In ([[M+((H))]])

AE=034V+0.76 V=11V

Conversion of chemical energy into electrical energy by redox potential differences,

Univ. Prof. Dr. Simone Pokrant Chemistry and Physics of Materials




Primary battery: g

* Not reversible Galvanic cell: primary battery

Q . o l@

Kathode Salzbrucke Anode

2+
Reduction Zn Oxidation
Cu/CuSO, SO, Zn/ZnS0O,

Zn corrodes, Cu electrode is built up, not reversible

Chem Mater Rev 22 (2010) 587, Chem. Rev. 104(2004) 4245
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Secondary Batteries

To solve energy storage problems, we need rechargeable batteries: Reversible
redox reactions, i.e. secondary batteries

4

10°
Pb-Acid Spiral Wound Ultrafast Charging Zone 100C
10
o Li ion
E-1 Moli ——10C
'§~ , BV rosHIBA sciB
L 10 PEV Goal
o
3 1C
o 2
e 10
=
= 0.1C
8 10
v
- 0.01C
1 L] L L] L L] L L L] ] L L | )

0O 20 40 60 80 100 120 140 160 180 200 240 250 260
Specific Energy Wh/kg

https://doi.org/10.1016/].rser.2022.112213
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Market leader in rechargeable

4

wCcr o

batteries: lead acid battery

* invented in 1859 by Planté

 Up to now research is conducted
in this field (i.e. improvement of
the specific energy density?)

* Three main applications: (deep
cycle, auto SLI, industry)

1Journal of Power Sources 219 (2012) 75-79
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Lead acid battery: The

H LODRON
concept SALZBURG |

Anode Cathode
el

Discharge

Negative electrode (Anode): Eo(Pb)=-0.36V

Pb(s)—Pb?*(aq)+2e"
Pb?*(aq)+S0O,2~—PbS0O,(s)

Positive electrode (cathode):

Eo(PbO,)=+1.68V

http://www.erikdeman.de/html/sail080e.htm

PbO,+4H*+2e"—>Pb2*+2H,0
Eoges=1.68 V=(~0.36 V)=2.04 V

Pb?*(aq)+50,°—PbS0O,(s) Potential difference: 2.04V

Electrolyte: H,SO, Open circuit voltage: 2.1 -2.13V

Univ. Prof. Dr. Simone Pokrant Chemistry and Physics of Materials
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Design of a Lead Acid Battery &Y

UNIVERSITAT
SALZBURG

T 7
cp— -5*53.//6

4

1 Box

2 Inter-cell welding
3 Pole

4 Cover

5 Connector
6 Pole screw

7 Value plug

8 Ignition protection plug
9 Negative plate in fleece
10 Positive plate

eupal Grid plate
with active
IXEREXEXS material

» ‘R *

0‘0 * 0‘0’0 0’0"
\0.000.0 .000'0.0‘
PEP SN

LAt 2 2Tt

http://www.electrical4u.com/construction-of-lead-acid-battery/ http://www.danielmetzsch.de/Batterie.html
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Lead Acid Battery - PeYiooon
Mechanism

SALZBURG
Current collector (Dissolved
ions)

SO

Pb* \c‘ Cope > Cppae -
Diffus n: Chemical S
(Dissolved e separation =
ions) )
Chemical
7 o
‘\Pb ‘Alssolutmn ©
lefu5|0n ﬂ 3
(Dissolved B A
ions)
SO 2%

(Dissolved

Electrochemical L Chemical

process step Diffusion process step




Electrolyte and charge and discharge HEQ;’;;SON
state of the lead acig battery UNIVERSITAT

SALZBURG

* Electrolyte: aqueous H,SO,

* Specific density of the electrolyte is connected to the charge state of the
battery

Cischarging Current Discharging Current

g Load | Load * Load +

+ - ;
Elecirolyle Electrolyte Elecirolyle
Maximum Decreasing MindrmLim
s 4
Sulunic su_r'r-J. Sidfunc
Acid Acid
Mimimum Incrcai 1] ML

LASgF.

Water —_— Water — Water
Megative Positive Uecreasing UEJEESI"IH Minamum Decreasing
Flale Plate Sponge Lead Spange Lead
- Lead Dioxbde Lead Dioxide
Sponge Lead 2 ERE
Lead ¥ MHoxkde Inc reasing ||'Il.‘:.l"ll:"aEI|"If4." Maxumum  INCreasing
s it Lead Lead Lead Lead

Sulfate Sulfat it i Sulfaip

CHARGED DISCHARGING DISCHARGED
1.300 Specific Gravity Electrolytel. 210 Specific Gravity Electrolytd. 120 Specific Gravity Electroly
2.14 Volis 1.84 Volls 1.75 Volls

Change of cell voltage during discharge!

http.//www.longwaybattery.com/en/displaynews.html?newsID=159060



Microscopic view of the  Fg).
electrode

Three phase system: Pb or PbO,, PbSO,, electrolyte
For reversibility it is important that the PbSO, stays close to the electrode

 Upae Cathode reaction PbO,+4H*+2e"—Pb?*+2H,0

Pb?*(aq)+S0O,2"—PbS0O,(s)

Electrolyte in pores

Forenglektralyt

SSeW dAI3O. 9AIISOd

p13 pea
p18 pea

electrolyte

3

ssew aAde annedaN
Blel-Giter

fesie Korrosionsschichi

A

Charged active mass
PbO,

PbSO,

Reversible conversion reaction




Self-discharge, overpotential, sidepey' " .,
reactions SALZBURG

E,(Pb)=-0.36V E,(PbO,)=+1.68V
E,(H,)=0V E,(0,)=1.23V
Anode ‘ Cathod Anodic (electrons generated):
+ = . cathodic - : anodic r 7

I
Grid corrosion G : Oxygen evolution:
Pb—» PbSO, \/\ Pb —» PbSQ, 2 H,0— 0, +4 H* + 4e’
’ e ol :?:r y Grid corrosion:
ydrogen oxidation f
----- ——\/\ (neglectable) 117 Pb +2 H,0—PbO,+4 H*+4e
oV (/// Pb —Pb2*+2e

LFi

_\/\ . Oxygen evolution ’4
- - = 3

v/ Cathodic (electrons consumed):

@3 Vl Positi ';/ '
ositive ele

¢ -——— e Y Oxygen reduction/evolution:

8\electrode
Discharging

Pb : PbO,/PbSO, ' /N0, +4 H* + 4e—2 H,0
equilibrium potentid equilibrium potential /
[ T
-7 \/\T T Hydrogen evolution:
05 04 -03 -02 -01 0 F1.2 183 14 15 16 1, N2 1 + 26— H,
ut?ntral vers. standard hydro

Stability window of the Electrolyte (H,0) Side reactions are slow (overpotential)! -
31

J. Electrochem. Soc. 143 (1996) 790-798
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Active Materials and grid plates

Anode (negative pole)
 Pb electrode in charged state

* Additives like BaSO, are necessary to obtain small highly distributed
PbSO, particles (Reversibility)

 Sb(5-12%) und Cd for enhanced hardness

L. Electrode plate
e Cfor enhanced conductivity

e Sodiumlignosulfates for higher surface areas g microstructure

Cathode (positive pole)
* PbO, electrode in charged state
* Will be annealed at 100°C up to 72h for hardening

* Annealing defines porosity (particle sizes 2-4 um depending on

process)

Elektrodenplatte

http://www.agcoauto.com/content/news/p2_articleid/136
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Lead acid batteries for b
statlonary applications =

3
Long lifetimes: Need to be kept at constant charge (constant float
current)

* Heavy thick plates with high density active pastes (high energy and
power density is not so important for stationary applications)

* Active materials are chosen such as to suppress H, or O, evolution
(for example caution by the choice of additives like Sb)

* Space for the growth of the positive electrode plate, since during
aging Pb0O, is generated.

* As little service as possible (for example H,0 is added more than
necessary)

* valve regulated versus flooded lead acid batteries.

Lead-Acid Battery in Electrochemlcal Techno/ogles for Energy Storage and Convers:on Volume 1&2
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Lead acid batteries - Aging b%?\m
me(':hanisms %,/ SALZBURG

1101
i _""_'_____'_‘“'-\ — Small traction test with high current discharge (12, 30°C)
i _ — Solar cycles, according to DIN 61427 (40 °C)
& B — Traction test according to DIN 60254-1( 40 °C)
S 95
=
&
= 90 4 ~
T
E \\x
S 85 - e
C -\__-\_-\_\_-\_ —
= —
f“E 80 i ™
[Fa]
= 75 |
70 - -
65 | | | | I | I | 1
0 200 400 600 800 1000 1200 1400 1600 1800

Number of cycles
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Application examples :,moRg,m

Eigg, Scotland: Off grid Insel
http://www.bbc.com/future/story/20170329-

the-extraordinary-electricity-of-the-scottish-

island-of-eigg

Stationary energy storage of wind and

Univ. Prof. Dr. Simone Pokrant

Chemistry and Physics of Materials

SALZBURG

Not very successful
commercially 1986:
Southern California Edison
Chino facility

(10 MW/40 MWh) high
maintenance costs



http://www.bbc.com/future/story/20170329-the-extraordinary-electricity-of-the-scottish-island-of-eigg
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http://www.bbc.com/future/story/20170329-the-extraordinary-electricity-of-the-scottish-island-of-eigg
http://www.bbc.com/future/story/20170329-the-extraordinary-electricity-of-the-scottish-island-of-eigg
http://www.bbc.com/future/story/20170329-the-extraordinary-electricity-of-the-scottish-island-of-eigg
http://www.bbc.com/future/story/20170329-the-extraordinary-electricity-of-the-scottish-island-of-eigg
http://www.bbc.com/future/story/20170329-the-extraordinary-electricity-of-the-scottish-island-of-eigg
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http://www.bbc.com/future/story/20170329-the-extraordinary-electricity-of-the-scottish-island-of-eigg
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http://www.bbc.com/future/story/20170329-the-extraordinary-electricity-of-the-scottish-island-of-eigg
http://www.bbc.com/future/story/20170329-the-extraordinary-electricity-of-the-scottish-island-of-eigg
http://www.bbc.com/future/story/20170329-the-extraordinary-electricity-of-the-scottish-island-of-eigg
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Applications for Li-ion PeYiooon
batteries

e Portable electronics

SALZBURG
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Li-ion Battery applications -
summary -

 Li-ion batteries are mainly used for mobile applictions

wCcr o

* Li-ion batteries are in the test phase for stationary applications

 Lead acid batteries are considered to exhibit only a limited development
potential, while Li-ion batteries are considered as a solution for the future

- 1000
-k
S Ragone plot: Specific energy versus
= 100 .
= specific power
w
= Eleci ’
] ol il
g = ‘
v
a
=8
w |
| 10 100 1 00D 10000

Specific Power, W/kg

http://berc.lbl.gov/venkat/Ragone-construction.pps
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Li - ion battery: concept Fg):

* In contrast to lead acid batteries (conversion batteries), Li-ion batteries are called
intercalation or insertion batteries.

* Large energy density, since large potential difference (>3V)

* Electrolyte consists of (expensive) organic polymers (stability window of the
electrolyte)

Insertion

W 2. ) .
Discharge
Laad
e
=
| Crarrene |El-h':rn:-r'r|
Separaior
H\.
Carhode .m;ndt
ey | i ———
'1‘ I}
Li% ':fj i"-"“
¥ T L ,_,L-i'
TR i
Electrolyic

Nature, 451 (2008) 652
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Cathode materials

5 -
* Cathode FUCL Ty FETTUTUUTERURRERERRRRRESVRRNRCERLRERLELLE
Layered oxides o [LiNiosMny 504 Li:MnosNiosO;
LiCoO, V5,05 ;_-TI_ 44 LiiyMny04— e
LiNi,Mn,Co, 5,0, = Li;Co0; [ Li;V,(PO,) 2
& TS iFePO, S
Z sl 3
z_, | LiTi(PS)s | | ©
S LiTix(PO,); . he. - i | |
ﬂ:} 2_ | lSz LL]
o
Olivine Q. LisTis0,;
LiFePO, L e e B 11 e e
7 p T T s d ~ LiTiS, Graphite
L PLECENT 1 | | B
.. \w 0 100 200 300 400
Capacity (mAh/g)
. z.B.: LiMn,0, . . .
Spinel " * Many different material systems are possible
. ' » Various potential differences are possible
* Most famous: Li,CoO, with around 4.2V

J. Goodenough, Chem. Mater. 22 (2010) 587-601
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Anode and global reaction ESBEON

 Anode
Graphite:

Elektrolyte

UNIVERSITAT
4>/ SALZBURG

Alternatives:
Si, Si/C, and Li,TiO,

Univ. Prof. Dr. Simone Pokrant

* Discharge (example Li,CoO,)
Cathode:
.y ) : .
x Li* + x e + Li CoO, — Li,,,Co0,
Anode:
Li — Li* + e
Active material Potential Maximum usable specific capacity
vs. Li/Li* [V] [A h/kg]
Li, CoOy 39 130-150
LiNij_,_sMn,Cop0: ~ 3.8 150-190
LiFePO, 34 150-160
Lix MnoOy 41 100-120

Chemistry and Physics of Materials




PARIS

Batte ry paCk Il-JOI\I[I)\?EORI\éITAT

SALZBURG

Composite anode (-)

Current collector(-)

Microporous separator |
(Elektrolyte)

Current collector (+)

ca. 400 pm

Composite cathode (+)

- Slurry coating on current collectors (metal foils)

- Assembly of sheets

Univ. Prof. Dr. Simone Pokrant Chemistry and Physics of Materials




PARIS

Electrodes and Packaging Fg\. - .

SALZBURG

e Electrode

Active material slurry is coted on
metal foil

Single layer electrode for a 10Ah
cell (dimension 15x15cm)

CCEM Project report, 2014

e C(Cell

Cathode, anode and electrolyte
will be sealed in a package

http://german.alibaba.com/store/2007
93064

e Battery pack

20kWh

C

http://imgarcade.com/1/lithium-
ion-battery-pack-car/




Electrolyte @

4

wCcr o

Liquid (a separator is needed between cathode and anode):

Important parameters: - Electrochemical stability window
[} it i . . age
LI* lon conductivity « Chemical compatibility
lonic conductivity Electrochemical
(= 1072 s/cm) window (V) vs Li*/Li"
Electrolytes Example of classical electrolytes at room temp Remark
Reduction Oxidation
Liquid organic IM LiPFs in EC:DEC (1:1) 7 1.3 4.5° Flammable
IM LiPF, in EC:DMC (1:1) 10° 1.37 =50
lonic liquids IM LiTFSI in EMI-TFSI 2,015 I.u”f 5.315 Mon-flammable
IM LiBF, in EMI-BF, 8.0 0.9'8 5.316
Polymer LiTFSI-P{EO/MEEGE) 0. IE:. < U_Uf"‘ 4.7 Flammable
LiC104~PEQg + 10wt % Ti0, 0.02% <0.0% 5.0%
Inorganic solid LisxGe_oP,Sq (x = 0.75) 2,28 <0.0™ = 507 Non-flammable
0.05Li5Si104 + 0.57Li,S + 0.388i%, 1.0°° <0.0° = &.0°
Inorganic liquid LiAICL; + 50, 70 - 4.4 Non-flammable
Liquid organic + 0.04LiPF 4 + 0.2EC + 0.62DMC 4 428 - 44" Flammable
Polvmer 0. 14PAN
Safety issuel

Chem. Mater. 22 (2010) 587-601
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Energy turnaround and the importance of stationary energy
storage

Basics in electrochemistry

Lead acid battery for stationary energy storage

Li-ion batteries for stationary energy storage

 Comparison Li-ion battery and lead acid battery

Univ. Prof. Dr. Simone Pokrant Chemistry and Physics of Materials




Comparison lead acid and Liion PG\
batteries -technical specifications s
Flooded lead acid VRLA lead acid Lithium-ion
(LINCM)
Energy Density (Wh/L) 30 100 250

| Specific Energy (Wh/kg)

Regular Maintenance Yes No No

Initial Cost ($/kWh) 65 120 600"

Cycle Life 1.200 @ 50% 1,000 (@ 50% DoD 1.900 @ 80% DoD

Typical state of charge 50% 50% 80%

window

Temperature sensitivity Degrades significantly | Degrades significantly | Degrades significantly
above 25°C above 25°C above 45°C

Efficiency 100% (@20-hr rate 100% (@20-hr rate 100% (@20-hr rate
80% (@4-hr rate 80% (@4-hr rate 99% (@4-hr rate

60% (@1-hr rate 60% (@1-hr rate 92% (@1-hr rate

Voltage increments 2V 2V 3.7V

http://www.batterypoweronline.com/main/wp-content/uploads/2012/07/Lead-acid-white-paper.pdf

Univ. Prof. Dr. Simone Pokrant Chemistry and Physics of Materials



Climate dependence of the
battery performance -

Moderate Climate, Cycle Life comparison 25°C AGM, absorbed
2 9 ] glassmat Deep cycle
g2 n lead acid batteries.
E s | ithium 75%
- ?g | —— AGM 80%
§ 70 - = AGM 50%
gos N CSs¢ e AGM 30%

60
0 500 1000 1500 2000
Cycle Number
Hot Climate, Cycle Life comparison 32°C Life time of Li ion
100 L
3 batteries is much
5§ 90 :
£ Lhium7s% | €Nhanced in warmer
g —— AGM80% climate in contrast to
Fy . i . .
e == AaMso% | |egd acid batteries
3 60 | veeeres AGM 30%
0 500 1000 1500 2000
Cycle Number

http://www.batterypoweronline.com/main/wp-content/uploads/2012/07/Lead-acid-white-paper.pdf
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Comparison lead acid and :
Li-ion batteries - general &

_ Lead acid battery Li- ion battery

wCcr o

+ CO, footprint 15kg CO, per KWh 70kg CO, per KWh —
+ Safety Water as electrolyte Organic electrolyte
—
(flameable)
— Long live in cycles 500 (3 years) <1000 (<10 years) +
+ Recycling yes no —
o= Investment 100 Eu/kWh 350 Eu/kWh —

Stationary applications yes, (i.e. 40 MWh, Chino, Test runs (i.e.50MWh)
CA)

Univ. Prof. Dr. Simone Pokrant Chemistry and Physics of Materials
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