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lllustration showing the basic
components and operating principle
of a Li-ion battery
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Energy density (Wh/L)

Future Li-ion batteries should
to be light and small without
commitment on energy and power
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- Actuels L1 1on cells used In
current electric vehicles

Cell Maker Chemistry Capacity | Configuration | Voltage | Weight | Volume | Enerdens | Spec Ener Used in:
Anode/Cathode Ah v Kg liter Whvliter Whvkg Company Model
1 AESC G/LMO-NCA <) Pouch 3.75 0.80 0.40 309 155 Nissan Leaf
i LG Chem G/NMC-LMO 36 Pouch 3.75 0.88 0.49 275 157 Renault Zoe
3 Li-Tec G/NMC 52 Pouch 3.65 1.25 0.80 316 152 Daimler Smart
4 | LiEnergy Japan | G/LMC-NMC 50 Prismatic 3.7 1.70 0.85 218 109 Mitsubishi i-MIEV
5 Samsung G/NMC-LMO B4 Prismatic 3.7 1.80 0.97 243 132 Fiat 500
& | Lishen Tianjin G-LFP 16 Prismatic 325 0.45 0.23 226 116 Coda EV
7 Toshiba LTO-NMC 20 Prismatic 2.3 0.52 0.23 200 89 Honda Fit
) Panasonic G/NCA 3.1 Cylindrical 3.6 0.048 0.018 830 233 Tesla Model 5

The current Tesla-Panasonic cell offers 50% more
specific energy than the competition. This is mainly due
to the use of highly active NCA cathodes and high
density electrodes. the gap will be reduced to 20-25% in
the next 3 years "
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Face a des eénergies renouvelables intermittentes et

fluctuantes:
UN DEFl: COMMENT CONSERVER L'ENERGIE?
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2 Efficienc
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Rendimientos Simbolo % |
Rto. De generacion n_ . (‘ 43 |
Rto. De transporte y distribucion n 93,7
Rto. Del convertidor electronico n -« 97
Rto. De la bateria n s 08,8
Rto. Del sistema mecanico 0¥ .. e 80
Rto. Del motor eléctrico N mot 87,4
Well to ~ 70%

(/_\ Wheel 26,9
ELECTROMOVILIDAD
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Estructura energética de Espafia 2016 (ktep )

Prod. petroliferos:
45.145

FUENTE: SEE
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Reduccién de CO, en flota automovilistica

[ Optimisation of [CO,/km]
1 ICEngines ) T 147 g/km
Real Emissions [(2006)

[ Alternative Fuels ] 130 g/km

l [ Hybrid Engines ]

TS LPG <95 g/km
Erpissions_ CNG Battery Electric ] Direciive UE 333/2014
cb Mild Hybrid Motors

rorgorrt Stop  ESS@SLISL Full Hybrid g,
nergy Recovery !
Thermal Management - I?I;ubgri:. REE':;::_.?E
Cylinder Disconnection Tt ) i 29:38,9/km
“Sailing” Function Electric Vehicle 205 .
Technology * In discussion

Tecnologias convencionales de propulsion no seran suficientes para
alcanzar las fuertes reducciones de emisiones de CO, exiqgidas en el futuro
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Enefgy Conwmpnon Well-to-Wheel [MJ/100km)]
Source: JRC/EUCAR/CONCAWE (2013) WtW Roport. Vorsion 4
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Consideraciones futuras para el CO, para el sector transporte: Cradle to Grave

Vehicle production S Fuel production - Fuel consumption Recycling >

Cradle to Gate

Well to Tank

Tank to Wheel

Cradle to Grave

Fuenta: SEAT
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Comparativa Emisiones CO,, con distintas fuentes renovables, en todo el life-cycle del

combustible {WE” to WhE'EI} Rid-uipe hatchbock potienger cov (200000 km Lifetine)
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CO; emissions [g/km]
Con biometano, Well to Wheel reducciones en CO; vs. Gasolina pueden llegar a ser de hasta:

80% dependiendo de la fuente
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Power-to-gas:
Linking of the electricity and mobility sector by Audi e-gas plant
Function of the Audi e-gas Project
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Projet P2G d'ETOGAS pour AUDI a Werlte (Allemagne): usine de 6,3 MWel

Electrolyzer hall One of three 2MW,, Methanation reactor

electrolyzers
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Power-to-Gas: usine de gaz Audi-e a Werlte (Allemagne) - usine de
biogaz a droite, 330 Nm3/ h de CO2
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Estimated CO, Emissions Generated During Vehicles
Production and Disposal in Addition to WTW

et
S P
EU Mix Coal
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1 Extra Emissions if Battery Replaced on EV

] Emissions During EV production

1 Emissions During Conventional Car Productior

Based on 150000 km in 10 years




4 degradation and life time.
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Voltage (V)

Voltage(V
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Calendar life Cycle life

- inyears - in nb of cycles
- depending on SOC & temperature - depending on DOD and charge rate
- and end of life criteria - and end of life criteria
Expected life for VL Li-lon cells according to temperature Pure Cycling Lifetime of SAFT NCA cells
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« LowLCOE?>20 year life

. - Lowestcostover life in class
Battery Life Cycle based on Depth of

Discharge - Modular from 5kWto 5SMW to
- vRER match loads, scale duration
Yo" D — from hours to days

- Stack life > 10,000 cycles,

ki Lithium . -t
S| R electrolyte indefinite life, re-
x| usable & recyclable

2000 1 » Deep Cycle

Lt Aok « Performance

- Deepdischarge cycles, uses
. ScEié s 100% of available capacity

Charge retention, almost
indefinite in standby mode

0% 0% 20% 30% 40N 0% 0% 70N 0% SO% 100%

- 75-85% round trip efficiency
- Partial cycles have 0 effect

Ittth EgdCtIy
Catalon Ittth ergy Res



100
R
@ 90
s
&
280 |-v---~ : :
3 '\ Diferentes curvas de | —100%
g \ + Ciclos de Vida para diferentes ' pop
7077177 niveles de Profundidad de | Plomo Acido:
LS b '
+ +  Descarga (DoD) | "m30%
60 \ L . ’

0 1000 2000 3000 4000 5000 6000 7000 8000

Numero de Ciclos

Ittth EgdCtaIy
Catalon Ittth ergy Res



5 Cost.

IRECY

Institut de Recerca en Energia de Catalunya
Catalonia Institute for Energy Research




Modelo Tipo combustible Consumo, Consumo, Consumo,
1/100km kg/100km kWh/100km

e T

1.5 TDCl 120 CV Gasdleo
Fnrd Focus C-Max 1.6

Autogas (117 CV)

1.0 EcoBoost {125 Ccv) Gasolina

17,5 KWh*
0,20€/kWh=3,5€
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Ford Focus
Coste pararecorrer 100km

Eléctrico
Gasolina
GLP mCoste DI, €/100km

Gasoleo M Coste Al, £/100km

GNC

0,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00

€/100km
Ford Focus
Autonomia de los diferente modelos
Eléctrico - 1 | | ]
GNC |
GLP - |
—— ]
Gasoleo |
T T Erererer arererers arerererd SR B |

2 %00 %0 S0 %00
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SVTEVEREITI GNCR 245000

1.5 TDCi (120 CV) Gasoleo 23.050
tocmaarroy) | R
1.0 Ecoboost (125 CV) Gasolina 21.050

Ford Focus elec (125 Cv)_JLE NN L L

Ford Focus
Amortizacion frente a vehiculo de gasolina
Eléctrico : l ‘ |
Gasoleo ]
GNC i
6P |

50% l%% lsq% 2%% 250% 3%% 350%

km para igualar costes con la opdion gasolina

IRECY

Institut de Recerca en Energia de Catalunya
Catalonia Institute for Energy Research




B Power T BOP [ ADD
e ey

2

8

Future State Price for useable energy ($ kWh™)
o

> & R R R < &
L & L LKL ® P
¢ Q

IREC g R. Darling et al. EES (2

Institut de Recerca en Energia de Catalunya
Catalonia Institute for Energy Research




P rewvision
largo plazo
-'%:__
2020
anos

Modelo coste alio
i odelo coste medio
odelo coste bajo

E=zcenanos

- 2

L

2010

____________

o =
=
g8
S
892
T @
O
Q
>
oo
oy @
0=
0w
e
-]
e~
L o
© =
F=]
D=
oo
O =
e=
.8
T =
52
- G
=
Eed



6 New research approaches.
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many opportunities to apply
brilliant ideas of science and
materials engineering @ _Initial substrate Atimneyeling

Nanowires

~ Fast Slow

------

N Facile strain
Efficient 1D relaxation

IREC g electron transport

Institut de Rect EgdCtaIy
Catalonia nstitute for Energy Researc




* High energy density

ISDD
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S8
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Li/s Li Ion

* High temperature range form-60 to 602C, demonstrated by SION POWER
* High Stability ( 5000 cycles)

* Research in carbon based electrodes and corrosion of the anodes
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\ http://www. oxisenergy.com/
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OXIS Li-S cells have achieved an excellent cycle life: cells can be cycled
approximately 1500 times (80% Beginning-of-Life). In the next 2 years, they
expect this to reach 2500 cycles.
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Lithium sulphur batteries

Coin cell batteries.

"
»
.
-
»
-
.
-

Gas out
Gas diffusion

electrodes

Sealmg layer Zn Plate ]\

-—

é*" \

q \ 1\ ‘“@Alrm

Metal Air batteriesl

IREC”

IstttdeRc erca en EegadeCatI ya
Catalonia Institute for Energy Res




7 New models with mechanical
recharge.
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y e— Science 29 de octubre 2015
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http://www.phinergy.com/company/

https://www.youtube.com/watch?v=k6klJl
ggezE
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Discharge
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