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Hur vi brukar omvandla energi...

Kemisk = termisk = mekanisk

Bransle Arbete + Varme + CO, + H,0

Men ocksa avgaser:
SO,, NO,, partiklar etc.)

Forbréanning ar enkelt men ineffektivt och ger
véaxthusgaser och luftféroreningar.



Luft Arbete + Varme + Vatten

Batterier och bransleceller ar effektiva och rena




Elektrokemisk energiomvandling

Batteri Branslecell Elektrolysor

Bransle Luft

Produkter




Batteriutvecklingen

Lead-acid Lithium ion
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LIMO,  LiPFg(org) ot
Urladdning: /
Anod: LiCs> C,+xLi*+xe 3V
Katod: LiMO, +xLi*+xe > Li, MO, 1V A

Summa: Li C, + LIMO, > C, + Li, MO, 4V

M= Co, Mn, Ni, (Fe)




Batterifordon allt vanligare

Electric Car Sales Are Surging In China
Electric vehicle sales (BEV and PHEV) by county in 2017"
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Batterier i fordon staller hoga krav

Small cells Large cells
5.3 Wh and packs

Energy/Power




okad produktionstakt

[ Electric dreams

Manufacturing capacity
Gigawatt-hours per year | 2017
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Gar det att elektrifiera alla transporter?

lagre pris och hogre prestanda

Battery cost Battery energy density
Worldwide, $/kWh Watt-hours per litre
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Batteriutvecklingen Li-jon batterier

Figure: Material Development of High Energy Density Battery

Solid-State New
Battery Materials
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Inblandning av mer Ni i katodmaterialet och mer Si i anodmaterialet
okar energitatheten men minskar sannolikt livslangden




Nya batterikoncept: litium-svavel eller luft

Discharge Blamesntal suffur

Lithium — Sulfur

Ag: Li + Sg > 8 Li,S

* Average voltage:
+ Specific capacity:

]

Lithium - Air (O,)

Aq: Li+7%2 0O, + H,0O - 2 LiOH

Org: Li + %4 0, > 2 Li,0,

Average voltage:
Specific capacity:
Theoretical specific energy:

/>

» Theoretical specific energy:

21V
1675 mAh/g
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Li-metal \ Separator



=
65,000] G@\_L¢g
] === Worst case
60,0001 — — Best case
55,000-
& 50,000°
7] ]
=3 :
% 45,000-
(@] -
o =
2 40,000 i
-% z
> 35,000
30,000-
25,000+ — "’
Fe-arld Maximum battery volume = 3001
20,000 T ¥ L} [ | L] Ll T ] Ll T I 1 T T I Ll T L] T 1 Ll T 1 |
0 200 400 600 800 1000 1,200

Driving range (km)




Kan branslecellen vara ett alternativ?

Li-jonbatteri Polymerbranslecell

Anod

Lagrar energi i det fasta materialet ~ Omvand|ar effektivt ett bransle till el



Branslecellens reaktioner

Polymerbranslecell

; 2 cirode

Membrane Ele
Gas  Anode Proton  Cathode = Gas \ i e Assembly

diffusion | catalyst conducting catalyst | diffusion

layer © layer membrane layer | layer - i Gas Flow Channels
Y ! ! Y 02% P -

ElectroPhan
Endplate

ElectraPhen

Bipolar Plate ;_' ’
Repeat Unit

0, H,0

Anod: H,>2H*+2e E°=0V
Katod: % O,+2H*+2e > H,0 E°=1,2V

Summa: H, +7%20, 2> H,0 E=1,2V




Vatgas kan tillverkas pa manga satt

0il:
Partial Oxidation

Coal: Fran metan:
Gasification Process 30% H2
10% CO,
o 10% CO
Photosynthesis Process 40% N2
Natural gas:
Wood:
Steam Reforming
Pyrolysis Technology
World H, production

Potential source:

Ethanol & methanol

figs =

i Electrolysis

Renewable Eneryy:

Electricity: Electrolysis
Electrolysis

100% H,







Branslecellsfordon (FCEV)
ex) 2015 Toyota Mirai Fuel Cell Sedan

Rackvidd:
Omkring 500 km

Branslecellen (370):
Vikt: 56 kg

Effekt: 114 kW (153 hp)
Effekttathet: 3.1 KW/L

Batteri:
1.6 KWh Nickel-metallhydrid

Vatgastank (70 MPa):
Energitathet: 5.7 wt%

Marknad:
Mer an 5000 bilar i USA och
Japan.




El och varme i byggnader
Ex) Ene-farm Japan
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Hydrogen Storage

AC Unit

Fuel Cell Coaling

Electronics Cooling
Encigy Storage System

Drive System Fuel Cell Power Plant

DEVDC & Tnverter Systen
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Tillgangliga fordonsmodeller i USA

Electric Vehicle Buyers Have the Agony of Choice

Number of electric vehicle models available to consumers in North America®
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Skillnad pa drivlinans vikt och volym

Branslecellsbil (FCEV) Elbil (BEV)

Power Control Unit

Fuel CellStack  HydrogenStorage Tanks

Mer energi - storre vatgastankar Mer energi = fler och storre batterier
eller hogre tryck
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Sori Vilket system ska man valja?
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Vehicle cost (LIS5)

Kostnadsjamforelse:
Li-jon (BEV) och branslecellsbil (FCEV)
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Z. P. Cano, et al. "Batteries and fuel cells for emerging electric vehicle
markets” Nature Energy 3, 279-289 (2018)



Utmaningar for forskningen

Resurser/Kostnad Livslangd Hallbarhet

Nya material - forsta funktionen under drift
—> battre, billigare, mer hallbara/miljévanliga

Cellens design - forsta begransningar och forluster
—> Oka effektivitet och anvandning

Cellens drift > forsta aldring/forsamringar - oka livslangden



Tack for uppmarksambheten!
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Termodynamikens férsta huvudsats:

Energi kan varken skapas eller
forstoras, den kan endast byta form.

Ju hogre energivarde i ett batteri,
ju mer energi atgar att tillverka det.

Energin ar inte obegransad
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Li-jonbatteriet inuti

Positive terminal
Cover

. e Im‘ Anode

Insulating | (negative plate)

Case | ||
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Effekten (W) och Energin (Wh) ges av:
Typen aktivt material

« Mangden aktivt material

* Temperaturen

» Li-jonens troghet genom elektrolyt
och de fasta materialen

Katod: Anod:
Mineralpartiklar Kolpartiklar

1. OOum

Cathode Anode

1 0

Aluminium Koppar
Porost filter
med elektrolyt



Branslecellen inuti

@ Stromstyrkan ges av:
dihon | St conioo i | it « Typen katalysator (aktiviteten)
“**J" « Mangd katalysator - ytans storlek
* Temperaturen

ez

e Y * Resistanseri cellen

catalyst particle

Membrane electrolyte Gas diffusion laygr

porous electrode

Pt based nanoparticle
(~ 3nm @) on carbon black




Hydrogen Storage

AT Uit

Flera celler kan staplas

Fuel Cell Cooling

Membrane Electrode

~a i Assembly

Gas Flow Channels

ElectroPhen
Endplate

ElectroPhen

Bipolar Flate f
Repeat Unit

150 kW for buss
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Valkommen till KTH och kemiteknik!

Team Sleipner — KTH Transport Labs




Elbilsforsaljningen i Europa

Top-15 Countries 2018 Plugo:'o:ales
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Norway [ e
Germany +52%
UK +28%

France +19%
Sweden +59%
Netherlands +126%
Belgium +4%
Spain +99%

Italy | © 2017 H1 +73%
Switzerland S ~ mGrowth to 2018 H1 +29%
Austria | [ +27%
Portugal | i +119%
Finland | | +148%
Denmark || +691%
Iceland EVVOLUMES.COM +63%
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Forskning batteri Kemiteknik KTH
Elektrokemisk karaktarisering och modellering

Anvandning/
Aldring

Elektrolyter

Negativa
elekroden

Separatorn




Forskning bransleceller Kemiteknik KTH
Elektrokemisk karaktarisering och modellering

System
Tillampningar

Katalysatorer

B b o
s R

- -fﬁf‘t. v

* by




Lu I?I Galvani
(1737-1798)

Galvanis sprattlande groda 1762

Energiomvandling:

Kemisk —> Elektrisk —> Mekanisk




En spontan reaktion - Galvaniska cell
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Zn/Cu- batteriet

Galvaniskt element

Positiv Negativ
pol pol

E°=0,34 V

TCEHSpan”ing = Ekatod - Eanod
_____ =034--077

E°=-0,77V =101V

Reduktion Oxidation
Katod Anod




Utvecklandet av forsta batteriet
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John Frederic Daniell
Alessandro Volta
(1745-1827)
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le négali.

Fig. 283. — Pile de Volta.

Fig. 284. — KElément Daniell.

Volta med sin Cu/Zn stapel 1798 Daniell med sitt Cu/Zn batteri 1836



Electric Car Stock Ramping Up at a Fast Pace
Global electric vehicle stock by year and engine type (in 1,000)
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E-Car Charging Infrastructure Becoming Mainstream

Global publicly accessible electric vehicle chargers by type
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Jamforelse olika batterikoncept

10,000 $, 650 kg, 25,000 $, 1,500 kg, 100,000 $, 24,000 kg,
0.0985 Wh km=' kg~!  0.0777 Wh km-' kg~!  0.0445 Wh km~" kg’
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