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1800 - Voltav ¢ldnek (Alesandro Volta)

1859 - Olovény akumuldtor (Gaston Planté)

1866 — Leclanchéova baterie (Georges Leclanché)
1899 - Ni-Cd akumuldtor (Waldemar Jungner)
1967 — Ni-MH akumulator

1980 - Lithno-iontovy akumulator (John B. Goodenough)

Prvni koncept EV - Anyos
Istvan Jedlik (1828) Prvni Eesky elektromobil — Kfizik (1895)




. Poc tky elektomoblllty

Obr.2: Electric Vehicle Company — taxi New York, USA 1897



. Pocatky elektomoblllty
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Obr.3: 1.6.1889 prekondni rychlosti 100 km/h (105,8 km/h) elektromobil La Jamais Contente
vykon 68 k

Obr.4: Pokus o prekondni rychlosti 200 km/h 1903 Baker Torpedo _



Pocatky elektomobility

Obr.5: Prvni hybridni automobil Lohner-Porsche Mixte
* Vyroba mezi 1900-1905

* Vyrobeno 300 kusU

* Elektromotory v kolech

* Kazdy elektromotor asi 3 k Spickové 7 k

 Cena 14400 az 34028 Rakouskych korun (80000-200000 USD dnes) _



Pocatky elektomobility

Obr.6: Plakat Baker Electric a Detroit Electric Clear Vision Brougham
1912




Pocatky elektomobility

Obr.8: Enfield 8000 proddno asi 150 ks dojezd 80-140 km



Oloveny akumulator

Olovény akumulator

* V nabytém stavu tvofi kladnou elektrodu PbO., (oxid olovicity) a zapornou
elektrodu houbovité olovo Pb s vysokou porositou a tedy i vysokym
mernym povrchem. Jako elektrolyt je pouzita kyselina sirova.

* Pouziti — startovaci akumulatory, zalozni zdroje a trakcni akumulatory

* Nevyhodami olovéného akumulatoru jsou nizka
gravimetricka (~ 40 Wh/kg) a volumetricka hustota
energie (~ 70 Wh/I)

* Vyhodou je velka zatizitelnost spolehlivost v sirokem
rozsahu teplot, vysoka Zivotnost, nizka porizovaci
cena a snadna recyklace

Obr.9: Startovaci akumulator



Oloveny akumulator
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Obr.10: A) Vliv hloubky nabiti na Zivotnost olovéného akumulatoru B) Zastoupeni
olovénych akumulatord na svétovém trhu s akumulatory.



Olovény akumulator
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Obr.11: A) Prehled aplikaci, B) Zastoupeni olovénych akumulator( v primyslovych
aplikacich, C) Vyhled do roku 2030
Zdroj: AVICENNE ENERGY, 2021 p ) y



Nastup moderni elektomobility

Obr.12: General Motors EV1 (1996-1999) Obr.13: VW Golf CitySTROMer (1993-1998)

Obr.14: Citroen Saxo/ Peugeot 106e



Ni-Cd akumulator

* Ni-Cd akumulator se sklada v nabitéem stavu z kladné elektrody tvorené
NiO(OH) (oxid hydroxidu nikelnatého) a zaporné elektrody kterou tvori
kadmium. Jako elektrolyt se vyuziva KOH rozpustény ve vodé a napustény
do separatoru.

» Jmenovité napéti ¢cldnku je 1,2 V, 50 Wh/kg, 100 Wh/I
* Pouziti mensi prenosna zarizeni, armada, letectvi

* Vyhodou je vysoka spolehlivost a zZivotnost, nizké naroky na udrzbu a velky
rozsah pracovnich teplot priblizné od -40 °C do 60 °C.

* Nevyhodami pamétovy efekt a obsah jedovatého kadmia

* VV soucasnosti jsou nejcastéjsi aplikaci baterie do naradi 63% trhu a
bezpecnostni osvétleni 23%.



Ni-MH akumulator

* Kladnad elektroda je opétovné slozena v nabitém stavu z NiO(OH) a jako
elektrolyt je pouzit vodny roztok KOH. Zaporna elektroda je tvorena
kovovou slitinou, ktera je elektrochemicky aktivni.

* Pouziti — hybridni automobily, mensi prenosna zarizeni

* Vyhodou oproti Ni-Cd je absence pameétovéeho
efektu a jejich mensi ekologicka zatez.

* Nevyhodami pak mensi rozsah pracovnich
teplot a vétsi samovybijeni 15-25 % za mésic
vs. 10-15 % za meésic u Ni-Cd

Obr.15: Ni-MH akumulator Toyota
Prius 2010-2015




Ni-MH akumulator
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Obr.16: A) Jednotlivé aplikace Ni-MH akumulatorti 2019, B) Vyvoj vyuziti Ni-MH
akumulator( pro aplikaci v HEV.

Zdroj: AVICENNE ENERGY, 2021



Vyuziti Li-ion akumulatoru v soucasnosti

— ] HEV a EV
Tézka technika 5-100 kWh
100 — 700 kWh

Mala e-mobilita

Lodé 200 - 900 Wh

30 - 5000 kWh

‘Stacionarni ulozisté
1-200+ MWh

Protetika
100 - 500 Wh

Elektrické naiadi
30 - 300 Wh

Nositelna elektronika
~1Wh

Netebooky
Smartphony 30 - 100 Wh
10 - 15Wh

Obr.17: Priklady moziného pouziti akumulatord




Prehled technologii

Typ akumulatoru Gravimetricka hustota Volumetricka hustota
energie [Wh/kg] energie [Wh/l]

Olovény akumulator 40 70
Ni-Cd 50 100
Ni-MH 100 240
Li-lon 260 700
Pokrocilé Li-lon ~ 350 — 400 ~ 900
Post lithiové >500 >1000

Vyhody Li-ion akumulatori:

* Vysoky potencial

 Vysokd gravimetricka hustota energie

 Vysokd volumetrickd hustota energie

* Dlouhd zZivotnost

* Malé samovybijeni

* Pomérné siroké moZnost optimalizace akumuldtoru k danému pouZiti
* Neobsahuji nebezpecné kovy jako kadmium nebo olovo



Lithno-iontové akumulatory

Od roku 1991 kdy byly Li-ion akumulatory uvedeny na trh se jejich
kapacita ztrojnasobila z pdvodnich 80 Wh/kg na ~ 280 Wh/kg a
soucasné jejich cena vyrazné poklesla z ptivodnich 3200 $/kWh na
takrka 100 S/kWh.
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Obr.18: Vyvoj ceny a hustoty energie Li-ion akumulatoru



@ Lithno-iontové akumulatory
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Obr.19: Vyvoj celosvétové produkce Li-ion akumulator




Lithno-iontové akumulatory
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Obr.20: Progndza vyvoje trhu s Li-ion akumuldtory

* Celosvétova spotreba energie za 1 min — 46,4 GWh (2022)
* Prdmérna denni brutto spotfeba CR —193,9 GWh (2022)
* Spotreba Pardubického kraje v ¢ervenci 2019 — 177,54 GWh




@ Lithno-iontové akumulatory - UloZisté

Global new BESS installations by year

Figure 1: Global cumulative energy storage installations, 2015-2030 Glgowattcrs M0
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Source: BloombergNEF. Note: “MENA" refers to the Middle East and North Africa; “RoW” refers to the rest
of the world. “Buffer” represents markets and use cases that BNEF is unable to forecast due to lack of
visibility.
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Obr.21: Celosvétovy instalovany vykon uloZit Obr.22: Predikce celosvétové kapacity
energie do roku 2030 — 411 GW/1194 GWh bateriovych ulozist energie (2020-2030) v
dle BloombergNEF rok 2022 roce 2030 odhaduiji vykon 110 GW dle Rystad
Energy
BloombergNEF rok 2023 — Predpoklada v roce
2030: 508GW/1432 GWh v Evropé

114GW/285GWh -
21



Lithno-iontové akumulatory - ulozisté

Ulozisté Li-ion ve svété:
Hornsdale Power Reserve (TESLA) — ulozisté s kapacitou 129 MWh a maximalnim vykonem

100 MW. Slouzi k balancovani dodavek z OZE 315 MW . V soucasnosti 193,5 MWh/150 MW.
Australie

Kauai battery systém (TESLA) — ulozisté s kapacitou 52 MWh v kombinaci s FV elektrarnou
13 MW. Havaj usetti se 6 mil litr( nafty.

AES Alamitos Energy Storage Array — ulozisté s maximalnim vykonem 100 MW a kapacitou
400 MWh. Jednd se o ulozisté energie spojené s vétrnou elektrarnou o vykonu 153 MW. USA

Moss Landing Battery Storage Project — ulozisté vyuzivajici akumulatory od LG Energy
Solution s kapacitou 3000 MWh a maximdlnim vykonem 750 MW (Dlouhé strané — 3700
MWh/650 MW). Tento systém vyuziva prostory byvalé elektrarny. Dale ma byt rozsifen na
kapacitu 6000 MWh a vykon 1500 MW.




Lithno-iontové akumulatory - dlozisté

Uloziété Li-ion CR:
UloZisté v provozu:
Praksice (Solar Global) — ulozisté s kapacitou 1,2 MWh a maximalnim vykonem 1 MW.

Mydlovary (E.ON) — ulozisté s kapacitou 1,8 MWh a maximalnim vykonem 1 MW.

TuSimice (CEZ) — uloZisté s kapacitou 2,8 MWh a maximalnim vykonem 4 MW.

Plana nad Luznici (C-Energy) — ulozisté s kapacitou 2,5 MWh a maximalnim vykonem 4 MW.
Kralovskeé Porici (SUAS) — ulozisté s kapacitou 7,45 MWh a maximalnim vykonem 2,5 MW.

Jesenik (Fenix Group) — ulozisté s kapacitou 2,95 MWh a maximalnim vykonem 1,44 MW.

Predikce rozvoje OZE do 2050 a ulozist CEPS a projekt SEEPIA:
Ulozisté v CR — 802 MW - 2025, 2 GW - 2030, 2,3 GW - 2035




Velikost produkce [GWHh]
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Obr.23: Podil na vyrobé Li-ion akumulator( v jednotlivych letech




Lithno-iontové akumulatory
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Obr.24: Planované tovarny v EU prostoru



Lithno-iontové akumulatory

NORTH AMERICAN o ccemmeeee

BATTERY INITIATIVES

e (® LION ELECTRIC
Version 4. Last update: 22/03/2022

STROMVELT

Announced a battery cell a
factory in Quebec; aims to
produce 10 GWh by 2030

®sEs

Announced in March 2021
its agreement with General
Motors to develop a pilot
line starting in 2023 in
Woburn (Massachusetts)

iIM3NY

Announced in March
2021 its intention to
open in Quebec in
2023 a plant with 5
GWh capacity

5 SRITISHVOLT
*: Solid Power oW

Since 2019 it has a pilot
production line for solid
electrolyte batteries that
aims to scale up to a gigafac-
tory by 2023.

fMKOREPOWER

Planned a 60 GWh capacity

Announced the first lithium-ion plant in Quebec, Canada.

battery manufacturing facility
wholly owned by a U.S. company
to built in Maricopa (Arizona).

@ LG Energy Solution

Announced a battery
plant of about 40 GWh in
Ontario, with production
to start in early 2024

(x) StoreDot

Recently announced an R&D
center to accelerate the market
introduction of solid-state batteries
(exact location to be determined).

s @ LG Chem Aims to develop a plant by
QuantumScape 2022 with a capacity of 1
e :;T:c'at:::rvnr in GWh (expandable to more
il i
Working on the development of than 15 GWh)

Holland, Michigan.

its first pilot line in San Jose
(California) with the objective of
scaling it up in 2024.

gm @ LG Chem
N

This joint venture plans to ooen'
a plant in Lordstown (Ohio,

with 30-35 GWh) in 2022 and

in Spring Hill (Tennessee) in

2023 (with similar capacity)

It has launched a pilot line
in 2021, which it expects to
scale up in 3 years.

TOYOTA

microvast

2GWhplantin
Clarksville, Tennessee
(2022)

S'{”ﬁ\novaﬁon @

Development of the "Blue Oval

Announced a new
battery plant in North
Carolina to start
operations in 2025

ha ad e v 1GWhplantin
c T T=SLA Jacksonville, Florida
Two operational plants (Nevada with =35
GWh and Buffalo dedicated to solar cells of
= 2 GWh). It expects to open its new
gigafactory in Austin (Texas) with up to 100
GWh by the end of 2021 and has a pilot line
in Fremont (California)

i

o
SK ‘innovation

A Rr A
= Envision \ESC It is building two plants in

Georgia planned for 2021 and

City"” project in Kentucky with Announced a new battery 2023, with initial capacities of =
two gigafactories and a third plant in Alabama to 10 and =12 GWh respectively
one in Staton (Tennessee), each produce the lithium-ion (with the potential to increase
one with a capacity of 43 GWh packs for electric SUV's beyond 25 GWh)

Obr.25: Planované tovarny v USA

@ OPERATIONAL PLANT
PROJECT IN PROGRESS

@ OPERATIONAL PILOT
LINE OR IN PROGRESS

SAMSUNG

Announced that they will form
a Joint Venture to operate,
starting in 2025, a gigafactory
of about 40 GWh.

O FREYR
IHKOCH

They have announced a joint
venture (50% each) to start
building a gigafactory in the
USA (the final location has not
yet been determined)
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r Zakladni seznameni s Li-ion akumulatory
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r Zakladni seznameni s Li-ion akumulatory

A) B) Plastic cover plate

Cathode lead
Top cover Safety vent

Positive
terminal

Separator

Insulator
Positive

Anode lead electrode

Case
(negative
terminal)

Separator

Insulator

Negative
electrode

Obr.28: Typy akumulatort dle konstrukce: A) Cylindrickd, B) Prismatickd, C) Pouch



r Zakladni seznameni s Li-ion akumulatory

CLANEK BATTERY PACK

PRISMATICKY CILINDRICKY

POUCH

Obr.29: Vliv na zastavbu do battery packu




Zakladni seznameni s problematikou

A

Obr.30: Novy koncept cell to pack: A) Blade battery, B) Tesla 4680




Zakladni seznameni s problematikou

Aluminum

Battery Junction Box Crash Structure

Aluminum
Housing Cover

Housing Tray

@ Battery Frame

Cooling System

Lower Protection
Cover

Cell module with twelve
60 Ah cells

Battery Management Controller

Obr.31: Struktura battery packu Audi e-tron




r Katodové a anodové materialy pro Li-ion akumulatory

Tab.2: Porovndni vlastnosti jednotlivych katodovych materidli

m Kapacita [mAh/g] Potencial vici Li [V] Gfa:rl:r:;lcl‘ljshl}l:(sg]ota

LiCoO, (LCO) 145 (274) 3,88

LiMn,0, (LMO) 110-120 (148) 4,0 450-490
LiFePO, (LFP) 160 (170) 3,4 540
LiNig gC0g 15Alg 50, (NCA) 180 (279) 3,7 670
LiNig 33MNg 33C0 330, (NMC) 170 (279) 3,7 630

Tab.3: Porovnani vlastnosti jednotlivych anodovych materiali

m Kapacita [mAh/g] Potencial vuci Li [V]

Grafit 350 0,1
Li,Ti;O,, (LTO) 175 1,55
Kfemik 3579 (LiysSi,) 0,4



@ Li-ion —sloZeni a recyklace

V pripadé klasického NMC ¢lanku 1 kWh obsahuje priblizné:
e 0,11 kg Li
e 0,32kgCo Ostaint

Separator
e 0,31 kg Ni 3%
e 0,31kg Mn Flekrowt
e 1,13 kgAl

e 0,26 kg Cu

Katoda
30%

Cu folie
17%

Al folie
7% Anoda
15%

Obr.32: Slozeni Li-ion akumulatoru




@ Li-ion —sloZeni a recyklace

= NejCastéji vyskytujicimi se kovy v Li-ion akumulatorech jsou hlinik,
med' a zelezo.
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Obr.33: Vliv na zastavbu do battery packu



@ Li-ion —sloZeni a recyklace
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Obr.34: Lokality produkce prvk(d pouzivanych v Li-ion akumulatorech
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Li-ion — slozeni a recyklace

Legend:
Production in tonnes (percent of total EU supply)

. Battery plant planned or under construction
Jb
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0 sweden
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Lithium 472 (1 i 11 851 (0.8%)

Austria Lithium
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Nickel 1 000(0.3

v
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Source: EU Criticality assessment 2017

Obr.35: Materialy pro tézbu v ramci EU
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on — slozeni a recyklace
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Obr.36: Materialy pro t&bu v ramci CR
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Implement regenerative sourcing
and production — including
renewable energy sources and less
impactful mining practices

Substitute materials - for higher

flammable characteristics

performance, lower taxicity or non-

N l

Improve lifetime - via battery layout

and management sysiem

Li-ion — slozeni a recyklace

Increase collection and material
purity — ensure leakage is
minimized and materials are looped
into recycling processes at high
purity 1o facilitate recycling

l
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Mining

Active materials
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Refining
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Other value chain

VAN
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Obr.37: \/lyrobni retézec vCetné recyklace
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1 ton of battery-grade lithium can come from:

Ore
250 tons

1 ton of battery-grade cobalt can come from:

Ore
300 tons

I Spent lithium-ion batteries

Spent lithium-ion batteries
28 tons

5 to 15 tons

@ Li-ion —sloZeni a recyklace

Brine
750 tons

Using recycled materials* from spent batteries
has potential to decrease:

(9 Costs by 40%

& Energy use by 82%
& Water use by 77%

@ SO, emissions by 91%

Obr.38: Vyhody recyklace




Li-ion — slozeni a recyklace

Nova EU smérnice k recyklaci

Nejnovéj$i "NARIZENT EVROPSKEHO PARLAMENTU A RADY (EU) 2023/..."

Recyklacni
Lhitakdymé | o nosts
byt dosazeno prumerne. Cobalt Copper Lithium Nickel
vietnd hmotnosti
lithiovych
baterii
Soucasnost 50%
31.12.2025 65%
31.12.2027 65% 90% 90% 50% 90%
31.12.2030 70% 90% 90% 70% 90%
31.12.2031 70% 95% 95% 80% 95%

minimdlni recyklaéni uc¢innost nejpozdéji do 31.12.2025 pro Li baterie 65 %.

nejpozdéji do 31.12. 2027 minimalni mira materialového vyuZiti Co, Ni a Cu 90 %, Li 50 %.
minimalni recyklacni ucinnost nejpozdéji do 31.12.2030 Li baterie 70 %.

nejpozdéji do 31.12.2031 minimdlni mira materidlového vyuZiti Co, Ni a Cu 95 %, Li 80 %.



.I Li-ion — slozeni a recyklace

= Nova EU smérnice k recyklaci

Povinnost vyuziti recyklatu od 2031
a) kobalt 16 %

b) olovo 85 %

c) lithium 6 %

d) nikl 6 %.

Povinnost vyuziti recyklatu od 2036
a) kobalt 26 %

b) olovo 85 %

c) lithium 12 %

d) nikl 15 %.

2026 - Battery passport (informace o slozeni a CO, stopé)




Dékuji za Vasi pozornost
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