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Czech
History of
Electromobility

1913 Edison

1895 Frantisek Krizik

1828 Slovakia - Stefan Anidn Jedlik Zemné u Nové Zamky town


http://www.eurooldtimers.com/turbo_images.php?file_name=440_1.jpg&set_name=historie_paragraph&zoom=2
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20th century
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Pilsen Skoda Eltra 1990/ Tatra Beta 1994 GM EV1 1990



BRNO UNIVERSITY OF TEQ: 895
VUT SUPER EL 112009  + . =

ELECTRIC MOTOR 100 kW - 174 km/h QD ean

Batery LiFeYPO4: 35kWh
170-220 km na jedno nabiti

Onboard charger 40kW 3x63A 400VAC
20min/100km range

www.superel.cz

2017 range: | "
150 - 190 km B e 5_‘-‘__--.'?; = - -"._,f i oS oo Yoot |

10 years old battery = =l


http://www.superel.cz/

We will need a new power sources?
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In Czech Republic we consume 90TWh / year



We will need a new power sources?
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We will export 17 TWh a year to our neighbors




How much energy we need for 1 million electric vehicles

 Average car 20 000 km/Year
* Average consumption 20 kWh/100km

1EV:
o 20 kWh
) 1 . - = 200.20kWh =4 000 kWh = 4 MWh
20 000 km T

-1 000 000 EV need 4 TWh < 5% of

production

In the Czech Republic we will produce 90 TWh per year and the power
plants are loaded to 50% of which 17 TWh per year is exported



Indirect emissions EV - gCO2/km

The direct and indirect emissions of the internal combustion engine increase with the age of the vehicle and engine.

Indirect emissions of electric cars are declining over time as electricity is produced more cleanly.

INDIRECT EMISSION FROM
ELECTRICITY PRODUCTION

B DIRECT EMISSION
FROM COMBUSTION CAR

B DIRECT+UNDIRECT EMISSION
FROM COMBUSTION CAR

Vehicle emissions purchased this year 20

25 years

Lower noise and dust from brake linings, clutches, fuel and oil leaks

/
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asociace

elektromobilového ‘

prumysis NEW ELECTRIC CARS REGISTRATIONS IN CZECH REPUBLIC

meésic 1 2 3 4 5 6 7 8 9 10 11 12 rok2017
Tesla model S 11 6| 5| 6| 4| 2| 5| 5| 5| 7| 4| 4 54
Tesla model X 41 5| 6| 3| 2| 5| 2| 4| 5| 6| 4| 3 49
BMW | i3 2| s5|23| 5|11 8| 7|11|17|15(13] 1 118
Nissan Leaf 6 2| 5| 10| 10( 4| 9| 5| 6| 5| 9| 9 80
Nissan E-NV200 1| 2| 4| 1| 7| 5| 2| 2 2| 2| 3 o 30
KIA souLpPsev| o| 1| o|l 1| o] o] 1| o| o] 2| of 2 7
Hyundai IONIQ s| 1| 2| ol 1| 1| 4| o| o] o] of o 14
Volkswagen [e-UP! 1 4 1| O] 9] O 1| 8| 3| 4| 4| 1 36
Volkswagen [e-Golf 0|26 4 6| 1 21 Of 1|21 7] 2|1 O 69
Ostatni electric of O 1| 1| 4] 0O 2| 5| 2 2| 1| 1 19
CELKEM 20l 525133 4926334160 50[ 40 21 476




Vyrobc Pfirdstek elekromobilC 2017

103 | Tesla CESKA REPUBLIKA

Ostatni; 19; 4%
118 |BMW

Tesla; 103; 22%

110|Missan

21 |-|'|I|I|J|-'|.|:|_E| Kia | Volkswagen; 105; 22%

105 |Volkswagen

19| Ostatml

476|Celkem

Hyundai Kia; 21; 4%

NISSAN

BMW:; 118; 25%
Nissan; 110; 23%

mTesla = BMW Nissan Hyundai Kia = Volkswagen = Ostatni



EV statistics in Czech Republic

Statistika elektromobility konec roku 2017 Baterie
kapacita celkem
baterie Stav ke konci roku kKWh

T¥P INACKA kwh 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 04/2018 kapacita

i3 BN 33 0 30 65 | 108 | 236 | 354 11682

i0n, C-zero, 106e, saxo, | P5A 16 10 11 12 35 491 109 | 119 | 127 | 155 | 212 | 215 3 440

e-UP, e-GOLF, citystromg Vi 19 2 2 2 2 2l 2 5 71 | 157 | 161 | 266 5054

Leaf, ENV200 MNISSAN 30 3 20 42 | 120 | 156 | 266 7980

hodel 5, Model X, roads| TESLA 100 1 3 40 | 107 | 126 | 229 22900

VITO MERCEDES | 30 5 b6 b6 6| 8 9 12 12 21 21 630

SMART SMART 17 5 6 6 Bl 22 22 25 15 18 22 374

Kangoo, Twizy REMALILT 30 1 1 4 10 15 15 450

Soul EV, lonig Hyundai Kid 31 2 12 13 20 620

hitsu, Think, Eltra, Tazzar| Ostatni 25 } 11 12 12 12 12| 32 35 46 57 77 89 2225

Celkem 23 r35 F 38 61 75 178 | 244 | 434 | 753 | 1035 |1497| 1750

mezirofni zména 2% | 9% | 61% | 23% [137% | 37% | 7B% | 74% | 37% | 45%

Celkova kapacita kKWh celkova kapacita kKWh 55 355

prumérna kapacital EV kWh 37




B NISSAN

1600 m Kia Hyundai
L AVALY
EBMW
1400
B TESLA
EV statistics in Czech Republic = Peugeot Citroen
1200 mJINE
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EV salesin EU 2017

@ Renault Zoe

@ Nissan Leaf

. Tesla Model S

@ BMW i3

@ Volkswagen e-Golf
Others



Share PEV YTD

market 2016
1 Renault Zoe 30670 10,6% 21339
2 Nissan Leaf 17454 6,0% 18599
3 Tesla Model S 15553 5,4% 12508
4 BMW i3 14528 5,0% 9465
5 Volkswagen e-Golf 12895 4,4% 6678
6 Tesla Model X 12628 4,4% 3750
7 Hyundai :;22“0 6117 21% 1143
8 Kia Soul EV 5552 1,9% 4484
9 Smart :grtwo 5191 1,8% 323
10 Volkswagen e-Up! 3054 1,1% 2576
Others / / 11299 3,9% 10481 (91 346 v 2016)

134 941 EV sales 2017 +48%



Battery electric vehicle market share in CZ

2018 |
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New registrations of EV in CZ
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Top 5 bestselling PEV models (M1) in Czech Republic

@® Volkswagen e-Golf
® BMW i3
Nissan Leaf
@® Tesla Model S
@ Volkswagen e-Up!
Others

A




Number of publicly accessible charging positions
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2018
2016
2014
2012
2010
2008

PEV (M1) market share in Norway
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30%
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PEV (M1) new registrations in Norway
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Top 5 bestselling PEV models (M1) in Norway

10,8%

v

@ Volkswagen e-Golf
@ Nissan Leaf
Tesla Model X
® BMW i3
@ Tesla Model S
Others



PEV (M1) market share in the European Union
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Number of publicly accessible charging positions
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Varianty meziroéniho rlistu po¢tu elektromobilii v CR
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Primérny najezd 3000000 |
20 000 rocné :
21500000 |
Primérna spotfeba energie |
20 kWh/100km 2 000 000 :
4 MWh rogné !
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Dominating Supply
China dwarfs global rivals in planned and existing battery cell production capacity

Finland China
100 MWh 217.2 GWh
Gotmany Russia
726 MWh l 1GWh
UK Ay foland | "\ __ Japan
14 GWh/@ 5GWh / | D14 GWh
u.s. France Hungary\" N
46.9 GWh 11 GWh 17GWh \ " <
CzeCh \ =3 ,/
Republic et Korea
1 GWh 231 GWh

Source: Bloomberg New Energy Finance, CATL IPO prospectus Bloomberg



Battery utilization in electric cars
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GIGAFACTORY in EUROPE or UKRAINE ?




11-12 sanuary 2018
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Europe s largest

Driven by the need to transform
our society towards a fossil fuels
free economy

Enabling European
competitiveness

For the automotive, energy

storage and industrial sectors

32 GWh in four phases
500,000 m2
Around 2,500 jobs

European
Commission

Research and Innovation
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R&I WORKSHOP

« Q2 2017, build up a team in
Stockholm

. Fall 2017, site selection

. Second half of 2018, start of
construction

» 2019, demo line completed

» 2020, start of production

« 2023-24, fully built out
capacity
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Czech EV charging infrastructure
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M Soucet z BéZna zasuvka 1x16A

m Soucet z CCS Combo + CHAdeMO W Soucet z SUPERCHARGER

M Soucet z Mennekes 3x16A

Charching stations in Czech Republic
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M Soucet z Mennekes 3x32A M Soucet z Mennekes 3x63A M Soucetz CHAdeMO

W Soucet z Pétikolik 3x16A W Soucet z Pétikolik 3x32A W Soucet z Pétikolik 3x63A



Verejné nabijeci stanice v CR - nabijeci konektory

AC - Type 2 DC CHAdeMO
Stanic na konci roku ({7 only S0kW %
2011 4 3
2012 29 5
2013 40 6
2014 48 8
2015 76 15
2016 129 18
. 2017 258 20
Charchi ng 2018 duben 310 20 63 22 415

stations in Czech
Republic o

BAC-Type 2 (Mennekes)

m DC CHAdeMO only 50kW

= DC CCS/Combo2 + CHAdeMO

m DC Tesla stall 135kwW

2011 2012 2013 2014 2015 2016 2017 2018 duben



First Tesla
Supercharger
Humpolec

www.youtube.com/watch?v=j{8UaE4-kmh



https://www.youtube.com/watch?v=j8UaE4-kmhg

Battery utilization ratio in industry in the world by designation
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Dominating Supply
China dwarfs global rivals in planned and existing battery cell production capacity

Finland China
100 MWh 217.2 GWh
Gotmany Russia
726 MWh l 1GWh
UK Ay foland | "\ __ Japan
14 GWh/@ 5GWh / | D14 GWh
u.s. France Hungary\" N
46.9 GWh 11 GWh 17GWh \ " <
CzeCh \ =3 ,/
Republic et Korea
1 GWh 231 GWh

Source: Bloomberg New Energy Finance, CATL IPO prospectus Bloomberg



The future of energy storage = lithium-sulfur batteries

M !
o

Sulfur-cathode

LOWCOST SULFUR Discharge &+
Sg ¥

S ~ 3 EUR/kg vs. RS -

. ~ IZ 8 © | —étheycle

LiFePO, ~ 52 EUR/kg & | —40th cycle

Ui N

200 400 600 800

LiZS4 Capacity /mAh g" Sulfur
Soluble Z Shuttle effect 3
Li,S, g, OO0

Li,S

Charge




Comparing Li-S a Li-lon batteries (opa™ ey Ranc
WITH
FOR
K 500kg
3500 >00k8 | ATTERY
M Capacity of comercial batteries M Theoretical capacity
f=)
~ 3000 _ < 400 2000 km
= Tesla S — battery pack 85000 Wh, weight - 544 kg
= NCA 700 Whikg
> 2500 121.4 kg — 22.3 % of battery weight
‘» S — 2000 Wh/kg
5 42.5 kg ~ 35 % of the original weight +— 300 1500 km
2 2000 Possible decrease of the entire battery pack weight to
o 190.4 kg or the same weight of battery pack (544 kg)
g but with energy ~ 243 000 Wh
¢ 1500 Range extension from 440 km to 1250 km <— 200 1 000 km
&)
& 1000
>
8 <— 100 500 km
500
<— 50 250 km
0 .
LMO (Nissan LCO LFP (Fisker, NMC(BMW i3, NCA(Tesla$)
Leaf) (electronics) energystorage) i8)



Lithium Sulfur LiS

* The first 180 cycles of capacity increase, after 400 cycles is again new
* Every 1 200 km cycle - will be like new after 500 000 km

0.2C 0.5C 0.2C
1000 : : : 0.2C/2C : 0.2C
900 - i g
! ! . f :

T 800 g PR :
< 700 e : :
&
g 600 RIS RIS RGRER>
‘o 500
@
S 400
AV

300

200 — NCA Tesla

100 _§ NMC VW; BMW

0 1 1 1 1 1 1 1 1 1 LiFePO4
0 20 40 60 80 100 120 140 160 180
Cislo cyklu




Remaining Range

Tesla batteries cell aging

Tesla Model S Mileage vs Remaining Range

& Remaining
ariginal range

[ ]
100%
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[ ] & [ ] ® [ ] __l-li
s .
90% .
[ ] [ ]
[ ]
. ’ ... after
800 000 km
[ ] .
still have
850 .

0 km 20000 km  40000km  60000km  80000km 100000km 120000km 140000km 160.000km 180.000km 200,000 n80% capacity
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Tesla model 3

Akumulator 65kWh
Dojezd 350 km
850 tis. K¢

Odhad vyroby Modelu 3 podle agentury Bloomberg:

I Vvyrobenych k... Prvniodhad = = Listopadovy 0... == e Lednovy odhad
6000

4 500

3000

1500

fijan 2017 prosinec 2017 unor 2018 duben 2018 cerven 2018
Zdroj: odhad agentury Bloomberg, Tesla



Tesla autopilot verze 1




Tesla autopilot HW?2

LEFT REARUARD VEHICLE CAMERA

cmcrs caowans  RIGHT REARWARD UEHICLE CAMERA



Tesla Roadster 2

e 200kWh
* Dojezd 1000km
* 0-100km/h : 1,9s




Tesla Semi —range 650 — 800km
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TESLA
DEL S
DEL X

range 450km
o+2 seats






Cylindrical cells

LiPol

GTCcARL @T.EOM










Inside Tesla Cell 18650 — alu cooling strip




Inside Tesla Cell 18650 —-18 mm x 65 mm




Negative
power switch

VEHICLE FRONT

Positive
power switch

Tesla Model 3 battery pack
GIGA FACTORY



Renewable sources will be accumulating in
electric vehicles

* Storing surplus energy in vehicles - bidirectional energy flowLimited
pumping from vehicles at energy peak




Electric van from EVC Hulin




Speed battery change
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Czech electric buses

* EVC Group Hulin - EVC First Electric
* SOR Libchavy — EBM 10,5 a EBM 8 (Baterie EVC group)

 Skoda Electric Plzer — Perun 12m

| 2X0OR BATTERY EVOLUTION




Electric plane VUT 051 RAY

1. fly
20.8.2014










SunRiver — czech full solar boat

56¢lankd 200Ah LiFeYPO4 Range 120 km 2 * 30 kW motor
56 kWh —2 * 90V 6200 Wp fotovoltaic (SolarPower 21% eff)

st



Kalkulator emisi CO, do
roku 2050

Koneéna spotfeba energie

PJr
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0 T T T

Zmény ve struktufe osobni dopravy

Rozvoj nizkoemisni dopravy

VyuZiti bateril nebo palivovych &ldnkd

Nakiadni doprava

Mezindrodni letecka doprava

Primé&ma teplota v domech

Zateplovani domd

Prevaujicl zplsob vytapéni

Osvétleni a ostaini spotfeba elekirické energie (e. spotfebide)
Rlst HPH v primysiu

Energeticka narofnost primysiu

Spotfeba na vytapéni a chiazeni

Pfevaujicl zpsob vytdpéni

Osvétieni a ostaini spotieba elekirické energie (e. spotfebice)

Celkemn

Widpéni a chiazeni

1
2010 2020 2030 2040 2050

a)aa)u)-oa ‘I

Tuzemské uziti PEZ

500

2010 2020 2030 2040

Jademné elektramy

Rozvoj CCS

Zachycovanl COZ ze zdrojd na:
Vétrné elektramy

Tepelné elektramy

Fotovoltaické panely

Solérni termické koleklory
Geotermalni elektrarny

Vodni etektrarny

Davoz elektfiny

Produkce biomasy, biopalv a bioplynu
Stavy hospodaiskych zvifat a nakladan! s nimi
Produkce odpadd

Typy bicmasy

Dovoz obnoviteinych zdroji energie

2050

O T

Toky Mapa Popis Naklady Ovzdusi

Celkem uZiti v CR'

Uhil dovoz
uhii CR

Ropa dovoz

Plyn dovoz

I AL

Sdileni

MICO2elr

200

100
2010

Dokumentace

ENVIROS

Emise sklenikog’ch plynu
41% redukce 1990- ; cll je 80%:

“Cemm bez LULUCF
Zemadéistv
100 - Primyslové procesy

2020 2030 2040 2050

3} |4 Geosekvestrace (uloZzen/ CO2 do hiubinnych dold) M 2| 3 4
B Akumulace a pienosové kapacity :

D Doméci zdroje fosilnich paliv 1

BiIE Poznamky

17 a .
2. A-D

Celkové
uZitl v

CR!
Cie?

Celkermn?®

Tato volba vyZaduje vynaloZen! minimalnibo Usill,
Toto je ambicidzni volba, ale je povaZovana vétSinou experti za rozumnou

Tato voiba je povaZovana za nepravdépodobnou bez zasadni zmény
souasného systému a/nebo podstainého technologického prilomu

Homl hranice toho, co je povaZovano za fyzicky moZné nejoptimistiétéjsim
uZivatelem.

Rozsah voleb, kde jedna alternativa nenl nutné obtiZnéjai ne jina.

Dodévka primaml energie je normainé vy33i neZ koneéna spotfeba energie s

ohledem na spotfebu energie pro vyrobu elektfiny.

Cile do roku 2027 nezahmulf mezinérodn/ leteckou a lodnl dopravu. Jsou
také pocCitany jako pétileté Ghrny a ne jako cile pro jednotlivé roky, které j[sou
zde zobrazeny.

Celkovy soutet zahmuje sniZeni emisi ze zachytévani a ukladani uhilku a z
péstovani nové biomasy nahradou za spotfebovanou (bioenergeticky kredit).

Véachny pfedpokiady pro vypotet jsou k dispozici ve spreadsheetu, StaZeni Excel Version 3.6 1 CZ (Version history). Zdrojovy kéd pro tuto stranku |e dostupny pod lkicencl open source z hitpiigithub. com/deccitwenty-fifty Zdrojovy kéd eské verze ziskéte zde.



http://co2.enviros.cz/

Energy flows in the Czech Republic

Sluneéni energie
Vétma energie

Vodni energie

Jaderns energie

Zasoby uhli

Dovozy uhif

Zasoby plynu

Dovozy piynu

Zasoby ropy

Dovozy ropy

Lesni a péstované biomasa
Zemédéiské 'odpady’
Ostatni odpady

v jod “"“h Tepein4 sluneéni energie

N\ _—

— |\

. L\

Uhli

o _g"

http://co2.enviros.cz
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Viytapéni a kiimatizace domacnosti

Vytapéni a kiimatizace ve sluZbdch

Osvétleni a spotfebite v domacnostech
Osvétleni a spotfebite ve sluzbach

,
Silnignl doprava

Zelezniéni doprava

Mezindrodni letecka doprava
Vnitrostéatnl lodni doprava

Prebytky viroby / vivozy


http://co2.enviros.cz/

Live Views of Starman




