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HYPE VS REALITY R O NOLOGY ALLANGE

¢ Realmente necesitamos cargar en < 10 min?
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éPero qué le pasa a la bateria?

58ml'<w HIGH POWER
HIGH POWER DC Charger
Basic DC Charger B R
City DC Charger gz\GgmaYgE
Best AC AC Charger % ge
Home A HIGH POWER
Charger DC Charger
Renault Zoe Fiat 500 VW id3 Tesla Model 3 Audi e-tron GT

Low-Power Charging High-Power Charging
: All new cars can charge over 100 kW DC
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current - current
Q -1 )
collector &) w collector

Graphene Li-  Solvent LiMO,iayer
structure molecule structure

https://www.youtube.com/watch?v=G5McJw4KkGS8
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Autonomia (kms) vs C-rate (t de carga)

Energy vs Power

N Li*/e- = Kms

UL N2
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t $ Li*/e- = tde carga

SiNT (kms)=>vi=tT
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Dilema: Power vs Energy
Eliud Kipch
Usain Bolt iud Kipchoge
Vs
100 m; 9.58s
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BATERIA: Reserva de Energia
Voltage, current, energy, power, capacity, C-rate, cycling life, lifetime...
= )
&

Voltage ~ Height (V)
Current ~ Water Flow (A)
Power ~ Voltage x Current (W) -> W/Kg
Energy ~ Power x Time (Wh) -> Wh/Kg Capacity ~ Current x Time (Ah) C-rate ~ Current / Capacity (1/h)
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FAST CHARGE
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ENERGY

) , X ‘

EV charging
station °
power is

measured
in kW

EV battery
capacity
measured in kWh

© ClCenergiGUNE. 2020. All rights reserved. 10



CIC
energi

CIC ENERGIGUNE GUNE

NEMBER OF
BALGLE RESEAROH
& TECONOLOGY ALLIANCE

Fastest Charging EVs
DC charge speeds up to 80%

S

45 min
L N
Ford Mustang -
Mach-E w
40 min.
VwWIiD.4 PR

Nissan Leaf

Tesla

Hyundai lonig 5

18 min,

Kia EVé -y
@

o
o
-
o

minutes 15 20 25 30 35 40 45

éEs realmente solo asi?
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éEs realmente solo asi?

Un ejemplo
Cargador Cargador Cargador corrente
monofasico trifasico continua
Capacidad — S
de carga \j\
o o 4
L 3kw N nkw W 50kW |
-
(A 6h 1h 38 min 22 min
©18 kWh
13 h 20 min 3h 38 min 48 min
40 kWh i
V=400V 33 h 20 min 5h 5 min 2h
100 kWh
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kw

éEs realmente solo asi?
Un ejemplo

HIGH POWER
G Charper

VEHICLE F@
50 kW
DC Gharger HIGH POWER
renig - o HIGH POWER o
rlz BC Craver
C/10 1C
V pack (V) | Capac (kWh) | Capac(Ah) P cargador -kw- I (A) C-rate | ~C-rate
400 100 250 11 27,5 0,11 C/10
22 55 0,22 Cc/5
50 125 0,5 c/2
100 250 1 1C
160 400 1,6 15C
250 625 2,5 2,5C
320 800 3,2 3C
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Un ejemplo
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Comportamiento tipico celdas baterias reales (Capacity test/C-rate capability):

52 1 i L i 1 A 1 i L i 1 " 1 i 1 '-
l ‘o
i , <180
S 48] [—— e 1601CM0 5 o
. ] |—C/5 2140 1
:_\E 4.6-‘ | C/2 3120 2C C/5
— 444 *_‘230 8100+
? ] | —— ® ]
2 42l |——5C 4 80
T - l——10C £ 601
'*E 4.0+ 2 401
©
2 ‘ e 204
B e £ of4d-sov 0
36 & 0 5 10 15 20 25 30 35
34‘ R ey Cycle number
0 20 40 60 80 100 120 140
Capacity (mAh g™) —
/A A
4 —
. . [ 0 0 )
Si C-rate T = Capacidad ~L = Kms ~L => Tengo que volver a repostar antes | !
N — _
1% ,
\__/(
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éEs realmente solo asi?

No solo eso:
Comportamiento tipico celdas baterias reales (Ciclability test):

-

o

o
1

©w
o
L

Capacity retention (%)
(o]
o

70

0 400 800 1200 1600 2000 2400 2800 3200 3600 4000
Number of cycles (N)
Qa 9
®

Si C-rate T = N ciclos = Tengo que cambiar mi bateria antes

© ClCenergiGUNE. 2020. All rights reserved. 15
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¢QUE VALE MAS PARA TI?

¢Tu tiempo?
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Ejemplos (charging index)

efter 10 and 20 min of charging ¢

(start @10% SoC) é
% Mercedes=-Benz = EQS450+ 154 121 275 S I—o,gz

=

Overall ranking g
& BMW - iX xDriveS0 157 16 273 5 o091
@ Hyundai - IONIQ 5 (2WD)" 164 108 7 ™ |_091

"

Porsche=T T2 83 1
l lr’ ; orsche=Taycan GTS 18 88 27 I_om

O 100 150 200 25 300 350
M Ateriomiotes T Attes 20 minutes Recharged range [km]

o 1
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Luxury class

o

=

aw—

% Mercedes-Benz - EQS450+
-
w Porsche - Taycan GTS’

BMW - X xDrive50

% Audi - etron 55 quattro

S,

“ Aud| - e-tron GT quattro

WL
[ +ADAC Ecotest

RN 258

0 5 10
[ Net battery capacity (kwh]

© ClCenergiGUNE. 2020. All rights reserved.

15 20 25 0

Consumption per 100 km [kWh]

Compact cless

.' .ﬁ =2 Hyundai = Kona (64kWh)

Mini = Cooper SE |}
Dacia = Spring |E3
Peugeot -e-208 GT

VW = ID.3 (58kWh)

D@6 eD

Consiumption:

Fiat- 500e HERER
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Premium class

Consumption:
I ———————
EI -i Pclestar = 2 LR Single Motor T
"..E KIA = EV6 (77.4 KNh RWD) [l +ADAC Ecotest
W Renault - Mégane E-T. EV60
L, &
— BMW =i4 eDrive40
L =g
S Tesla-Model 3 LR
—
% Hyundai - IONIQ 5 (2WD)7
"ﬁ BMW =iX3 (2020)
Q“ Mercedes-Benz - EQA250
| -_
7y Tesla-Model Y LR
h— T
-,
= VW =1D.4 (77 kwh) i
0 5 10 15 20 25 30

) Netbattery capacity éWh]  Consumption per 100 km [kWh]

Consumption:

B WLTP
[ +ADAC Ecotest
T 176

179

187

20 2 2
18

[ Netbottery capacity (kWh]  Consumption per 100 km [kWh]
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What does 1 kWh look like?

Source: hitps://blog.kubakuzma.com/2016/09/2 2/how-does-a-kilowstt-
hour-look-like. htm/
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Module of
444 batteries

© ClCenergiGUNE. 2020. Todos los derechos reservados

Tesla Model S

16 battery modules or
7104 batteries make

up the total Tesla S
“battery pack.”

The entire battery pack
weighs 1,200 pounds...

Lithium
equivalent

...but only 15 pounds
(7kg) is lithium. About the
weight of a bowling ball.

20
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¢Como cuidar y alargar la vida de la bateria?

¢Qué puedo hacer yo?

'BATTERY MANAGEMENT SYSTEM

For Electric Vehicles

l_ — CURRENT
&

' VOLTAGE A g
- s e e et

TEMPERATURE

BATTERY PACK

DGPLAY

- 908

.-"‘ — l_—
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¢Cuando y cuanto cargar?

100% 20% 65% 0%
Depth of Discharge SOC SOC SOC
The percentage of the battery that has been 1
discharged relative to the total battery k‘
capacity
State of Charge
0% DOD 80% DOD 35% DOD 100% DOD

Cycles Service Life

Temperature 25°C{77°F)

120

100 T 7
\ Descargar mucho la bateria afecta

& negativamente a su duracion vy
g funcionamiento (ndmero de

100°% depth S0% depth 30% depth lT_'- & ot .
of discharge of discharge of discharge [ <-gl ‘-,// J ClCIOS)
\ . 7

o
o

Capacity(%)
b4

i
o

N
o

0 200 400 600 800 1000 1200 1400

Charge/discharge cycle(number of cycles)
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¢Cuando y cuanto cargar?

105 =0C .
[ 400 Depth of Discharge (DOD)

e — A
= 95 RN s Il 85%
5 \. i K —
L R e o o A
z B e iR
@ 85‘ “t‘ v * e ey -
o ‘\‘:“\‘ M H- . -.
% o) i, 60%| 40% -
£ *«, *  [=—100-25% SoC @ 20°C o 70% .
2 75 +~ 100-40% SoC @ 20°C 6/ =\
& 85-25% SoC @ 20°C T 90%] »
o 70 ~+-100-50% SoC @ 20°C i
- 75-25% SoC @ 20°C

65’ v 7545%SOC@20°C Ll Y —Y —

+ 7565% SoC @ 20°C 15% _ v
5007000 2000 3000 4000 5000 6000 7000 8000 9000 T _ Y
Number of DST Cycles —

Cargar y Descargar mucho la bateria afecta negativamente a su
duracién y funcionamiento (nimero de ciclos)

75% —45% SoC

© ClCenergiGUNE. 2020. All rights reserved.
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Temperatura de operacion l Ll

......

Manufacturer’s Cycle Test Results 00 120
100 .

12,000 10 <
g =
< 80 Z 10,000 g 100 g_
2 : e
g £ go00 N
o A -
60 2 g
‘Z Charge Rate 1.5 C ST g 0 g
£ Discharge Rate 2.5 C g, 6000 :
< 40 2 0 2
£ 2 4000 &
iz a8 " 0 2
o =
20 2.000 ” :‘2’

0 40

0 f : : : 40 20 <10 0 25 a0 55 6l
200 400 600 800 Temperature/ °C

Cycle Life (Cycles)

Las temperturas extremas (frio y calor) afectan negativamente al funcionamiento de la bateria
(capacidad y numero de ciclos)

© ClCenergiGUNE. 2020. All rights reserved. 24



CIC ENERGIGUNE

Temperatura de Carga

-
——Charge at-10C  ——Charge at -20C 1.20

~——Charge at 20T s Charge at 0C
’ —harge at -30C

T bt
L = 100
3 as :
K.
8> §°"°
2 a6l 3
8 = 2.9 v
3% | go.w
%'u 344 H
S . 504
(=4
& asl z
o 3z H
S su.zo
10 0.00
-60

3] 5 10 |- 20 25 30 5

Charge capacity /1: Ah)

La carga a temperaturas bajas
reduce la capacidad y dana
irremediablemente la bateria

© ClCenergiGUNE. 2020. All rights reserved.
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Relative Capacity vs. Temperature

.00000 *

" -
*
B
L
-
>
-40 -20 0 20 &0 60
Temperature ("C)

Cathode Material

Cavity Dendrite

Graphite Anode Material
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¢Como cuidar y alargar la vida de la bateria?

v’ C-rate o velocidad de carga/descarga
v Profundidad de descarga

v’ Estado de carga

v' Temperatura de operacion

v' Temperatura de carga

© CICenergiGUNE. 2020. All rights reserved. 26
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| Y
v' Ma4s energia (kms) —en menos volumen/masa- / ..

Specific Energy (Wh/kg) POWLR
Energy Density (Wh/T)

v' Mas potencia (kW) <> Menor tiempo de recarga ; A\

co.S‘t

v" Menor precio .

v" Mds durabilidad (ciclos)
v' Mds seguridad

v" Reciclabilidad

v" Menor impacto ambiental

© ClCenergiGUNE. 2020. All rights reserved.
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Nuevo materiales para anodos y catodos (Innovacion Incremental)

280

240

Lead Acld NiCd

200
o 160
S
=
= 120
80
0- ~

Material

el g
IR
KL
g | =

LIB

© ClCenergiGUNE. 2020. All rights reserved.
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performance

I

Costs/Ah

Best
performance
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Baterias de Estado Sdlido (Innovacion disruptiva)
El Santo Grial
Solid-state Li-ion Battery cell Solid-state Li-metal battery cell
oG I 0 02 e Arcde cnorgy density

Power density
Safety

Lifetime

Cost

No electrolyte (mayo/ketchup) spilling

© CICenergiGUNE. 2020. All rights reserved. 29
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Baterias de Estado Sdlido

Mas Energia:

Modeted Call Enargy Dermtty (Whikg)

160
]
S B e e 25 e Sl 0N e e
o % og_,.-ou.u.u
o e o =
92%52,9:22&02
L 2 2 = w O
_a_;_,::,,z
i <
3 =
-l

“ 0umnal of Matenats Chemistry. A

Future generations of cathode materiale an
sutomotiva Industry perspective

© ClCenergiGUNE. 2020. All rights reserved.

FoF,

Mads Potencia:
Menor tiempo de recarga:
Li metal CCD (!!!

2.0 mA cm™

1.3 mA cm?

Lthium-Metai 0.8 MA cm-z

Batteres
Conventional |I | & —-.“ I

Lthium-ion
Battenss

"
{i
\

Anode

SSE " w - B e At M
membrane \ '
Cathode ‘ 1 1]
) N
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POWER DENSITIES OF VARIOUS
TYPES OF BATTERIES

1200 ENERGY DENSITY 1,100
Watt-hours per liter Q11 f}
1000 - e == s
"“~w“> Nt SonLrion T QS“M
J \ ‘; "
600 - =

Above: Next-gen Li-ion batteries
offer smaller sizes with more
400 power. Credit: Sakti3.

240

200 gg 100

oL — —

Lead- Nickel-  Nickel-metal  Lithium- Lithium-ion
acid cadmium  hydride ion (solid state)
40 Wh/Kg 120 Wh/Kg || 400 Wh/Kg

500 Kg 500 Kg 500 Kg
180 km 500 km 1500 km

13 kWh -> 100 km

© ClCenergiGUNE. 2020. All rights reserved. 31
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s 50 mi range solid-state By o t Factory Openg Batteries by

Toyota confirms 7 Tesla, but when?

pattery plans to catch up to

. o
o 1) 2068 -TH 0

All-solid-state Batteries to Power Hyundai and Kia EVs Beginning
from 2030

Alrp,
_‘.'Us ﬁann.,, Wi
5, R

"ty p,

" a
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m 1 0ué es una DATERIA? - BLs endilopedia de CIC enemgiGUNE 3
I - 104 3 PRITRE T - -
l i What i3 & BATTERY? - EYThe enCIClopedia by O ensrgiGUNEEL
/\ LQué es POTENCIA? - ElLs entiUopedia de CIC energiGUNE B

What ks POWER? - B The enCiCiopedia by CIC energiGURE B
N 75 I—.

enCIClopedia

O eregGUNE - TITA

Have you ever wondernd how shattenee work? ©
Joe s for ooy video sevien, 8 WOCkpodin® B,
Wi we Lrosk down D intricacies of lafries
Cloarly atd CoOCinsy!

{006 o CAPACIDADT - E1La en(p0opedia de CIC anergiGUNEEY

T ham propartads akpns wee o furconen e
Fluterian? @ Accriglience en

videos, & 'enO0opedia™ 8,

o cormpiegriacies o= tam toytertas de forms cbwa y
o

Wt is CAPACITY? - 1 The enCiCopedia by CIC enegiGUNEE)

f'(leNC A vs ENERGIA - [La enCiClopedia de CIC ensrglGUNE R

‘ nnwm Ve ENERGY - EThe eniClopedia by CIC energ GUNE £}

' r‘ T (Qué s ol C-RATE? - E1Ls snOlopedia de CIC snegiGUNEEY

uﬁs‘;ﬁ
https://www.youtube.com/playlist?app=desktop&list=PLIjXqgL8yehXLQKHIH4rSQtKm5q7fw-UL
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