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Solar and wind
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Energy storage
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Modern applications of batteries

Consumer electronics, electric vehicles (also combustion vehicles)

e Space: satellites, spacecraft, rovers

Transport: forklifts, mobility, high speed trains, airplanes, drones

Defense: communications, military vehicles, portable power,
submarines, even certain machine guns
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Power-assisted by batteries Batteries are charged with regenerated
when lifting a load energy while lowering a load.




Other applications of batteries

Electric power grids: frequency modulation and regulation for solar/wind

Nuclear: backup power

Sensors: remote photography, thermal cameras, security cameras, motion sensors, chemical

sensors, smoke detectors

Biomedical: pacemakers, hearing aids
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Future applications

Consumer/biomedical: Wearable electronics, implantable electronics
Electric power supply: microgrids, load balancing

Transport: ferries, cargo ships, airplanes, helicopters, drones
Communication: Internet of Things/VR/Metaverse(?)

Robots

Domino's delivery robots are invading Europe

Which begs the question: How much do you tip a robot?

r

M. Moon
@mariella_moon
March 30th, 2017
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Japanese cafe uses robots controlled
by paralysed people




Batteries: the storv

30

"I'aking it from another point of view, we have sought to collect
the secondary currents and to make use of them, thus accumulating
the energy of the voltaic battery.

We have found, as may be seen in the preceding researches (20),
that the secondary E.M.F. of a voltameter with lead plates in water
acidulated with sulphuric acid, was higher and more lasting than
that of any of the other metals, and that it surpassed that of the

strongest voltaic element known- -that of Grove or Bunsen.

With such an E.M.F., 1t only remaned, in order to form a
secondary element of great power, to endow it with a very low
resistance, or to increase its surface to the greatest possible extent.
This was so much the more easy from
the fact that the two plates necessary to
form it were of the same nature and of a
metal so extremely flenible and malleable
as lead.

37. Secondary cell with eoiled
lead plates. —It is thus that we were led
to construct, in 1860,"a secondary element
of great power or quantity, by using an
arrangement similar to that which Offer-
shaus and Hare had employed for the
voltaic cell proper, namely, by rolling two
long, wide lead plates into a coil,
separated one from the other by a thick ;
cloth, and then immersing them in a A 7
glass jar full of water acidulated with a tenth part sulphuric acid.

Figure 7 shows the construction of a sccondary cell of this kind.

(1) Comptes rendus, t. L, p. 640. Mars 1860.
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Make This the Happiest Christmas

—QGive Your Wife an Electric

N Electric for her very own-—-what more enjoyable surprise could your
wife receive on Christmas morning? Every woman longs to own an
Electric.  Every woman knows the comfort, convenience and height-

ened social prestige it gives. Why not make this year the happiest Christmas?

Your wife would love to drive about in her own Electric—quiet, fash-

ionable, simple and safe.

attend the thes

And Christmas is the season of scasons for
an Electric. The cold, biting winds and
snow flurries make you feel all the cosier
within an Electric. There is such exhilarating
pleasure in gliding noiselessly down the boule-
vard, through the park, threading in and out
of congested traffic—quickly, casily, without
bother or effort.

She can pay her social calf§; 0 her shopping;

re and reception.  You will enjoy the luxury of it, too

Driving an Electric is simplicity itself—no
trouble whatever. Any woman—even a
child—can operate an Electric cﬂiciemiy,

he first cost of an Electric is decidedly
moderate when you consider its lasting, sat-
isfactory service, Maintenance expense and
cost of power is far lower than that for other
types of cars

Interesting literature abosut the Electric Vehicle semt gladly.  Write today

Before you buy any car consider the Electric

ELECTRIC VEHICLE ASSOCIATION OF AMERICA

BOSTON NEW YORK, 124 W. 42nd St CHICAGO
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Li-ion batteries

10,0k
8,0k
6,0k 4

4,0k 4

n® of publications / -

2,0k

sdpajjpws ¥ AbpoIvIPUID

0,0

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
year / -

e The principles of Li-ion
BNE , chemistry could be
Whittingham's Li-ion battery Goodenough's Li-ion battery Yoshino's Li-ion battery applled to other batte ry
chemistries

uonIp3iv|0Sd

Journal of Power Sources, 2020, 459, 228073 10



Li-ion battery
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Batteries: quick glance
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Electrolyte
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Modern Li-ion battery

Nature Communications 11.1 (2020): 1-4. Advanced Energy Materials 11.10 (2021): 2003700.

A Machine-Generated Summary of Current Research. Cham: Springer International Publishing (2019).
Advances in lithium-ion batteries. Springer Science & Business Media, 2007.

L ithium-ion batteries Vol 1 New York: Sorinaer 2009
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Batteries in Europe

EUROPEAN
GIGAFACTORIES

Analysis by CIC energiGUNE
Version 2. Last update 15/04/2021

© rroposais to be confirmed SRITISHVOLT

=/ 2023,
/10 6Wh- 356Wh

Envision N\ESC

& 2010, Sunderland
& 256Wh-14GWh

amte

= 2023, Coventry
2 106wh- 356w

CATL

=| 2022, Erfunt
B 1acwn-2a6Wn

= 2023, Kaiserslautern
& & Douvrin
6 GWh - 64 GWh

SVoILT

2023, Uberherm
£ s06wh- 24 6wn

BASQU=VOLT
- NABATT
& oo

s SEAT

= Barcelona, Public-private
/& partnership to be defined

VERKOR

=/ 2023, Frankreich
16 GWh - 50 GWh

Panasonic
202X, Norwegen

= xewn

SEYONOER

2024, Rogaland
10 GWh - 20 GWh

MORYOW

2024, Agder
8 sGWh-326Wh

northvolt

= 2024, Salzgitter
£ 166w - 24 cwh

ITALVOLT®

2024
= rocwh

AM Leclanché

FAAM

& 202, Tevercla

= 2020, Willstitt
= 16Wh-25Gwh

©FREYR

Renwaible anergy storage

= 2023, MoiRana
= 32+26Wh

northvolt

=| 202), Skelleftea
32GWh - 40 GWh

2021, Berlin
= s0cwn

microvast

= 156Wh-6GWh

= 201

‘i 2018, Gad

5| 2022, Bitterfeid - Wolfen
16 GWh

|| 2021, Brandenburg v

202%
£ sown

5]

ROSATOM
= 2025, Location in Russia
2 (obedsfined)

2GWh

&

@ LG Energy Solution

8, Wrockaw
= sown ez cun

TnoBat

2024, Bratislava
10 GWh

v
(GsUasa

= 202X, Miskolc ’

2 xown

SK innovation
| 2022, Komérom 10
B 2028, Ivancsa 30 GWh

SNMSUNG

25GWh - 15 GWh

U VARTA

25GWh- 15 GWh

=] 2024, Ellwangen
2 106w

14



Batteries in Norway
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Materials and problems
COST BREAKDOWN PRICE EVOLUTION
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Materials and problems

Lithium Cobalt Graphite
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Materials and problems
Copper as current collector foil at @ _ H . @
conductive parts
Graphite: natural or synthetic o -
high-grade purity in anode electrode
Silicon in (future) anades to e — r B @
ennance energy density o Aluminium: for battery

o packaging or as current collector

ag?k;o?:ngs, in LTO, for battery @ Niobium in future anode and
packeging cathode material (coatings) to

anade side, in wires and other
in all Li-ion battery types

foil (cathode), in NCA batteries [ 0
Titanium' in future anode materials 0 —

improve stability and energy density

Norway n
Silieon metal 30% Germanium 51% -~ .
4
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Borates 88% Vanadium* 39%
Bausie B55 - LREES 595
Fluor!pir 25% HREEs 98%

3 DRC 5 \ o, .
. i:."‘“?‘ét—. Indonesla - 4
antalum Natural rubber 31%
Brazil
Nlomumss%}
South Africa
o Australia
Iridium* 92% d Coking Coal 24%

Chile
Platinum* 71%
Lithium 78% ’ Rhodlum® 80%:
i

Ruthenium* 93%

* share of glabal production

Cobalt in cathode materials in
LCO, NCA and NMC batteries

Lithium: as lithium-cobalt oxide
(cathode) and as salt (electrolyte) in
Li-ion battery

Manganese in cathode materials
for NMC and MO batteries

Nickel: as hydroxide or intermetallic
compounds in NMC, NCA batteries

@ Critical Raw Material
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Beyond Li-ion batteries
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Na-ion batteries

Na-based batteries: present technologies and future innovations
Na-O,

Na-ion battery Na-S
Na-Solid State
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Na-ion batteries: cathodes - PBAS

Fell Fe'"(CN)6
Prussian Yellq
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https://doi-org.ezproxy.uio.no/10.1002/aenm.201702619

Na-ion batteries: anodes — hard carbon
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comparison

Na-ion batteries:
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Materials for batteries at UiO
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Operando characterization
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Scan number

Operando Studies
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