eurecal

Innovacio
amb impacte

Promovem, mitjancant la recerca
aplicada i la innovacio, la
competitivitat de les empreses i
el benestar de la societat.



Context: The EU Green Deal eurecal’

Centre Tecnologic de Catalunya @
The EU will:

Qoo
The European Green Deal is about improving the well-being of people. Making @ Q‘:ﬁg 7 @
Europe climate-neutral and protecting our natural habitat will be good for people, 3
planet and economy. No one will be left behind.|

Become Protect human life, Help companies Help ensure a
climate-neutral animals and plants, become world leaders just and inclusive
by 2050 by cutting pollution in clean products and transition

technologies

Movilizacion de la J
e

investigacion y fomento d
la innovacion
Transformacion de
Un mayor nivel de ambicion la economia de la Hacia una contaminacién cero en

. Z ‘ climatica de la UE para 2030 y SR TCEC R  un entorno sin sustancias toxicas =
reducira las '\\ 2050 futuro sostenible 3 reducira la
r / » - dependencia

Suministro de energia limpia, Preservacion y restablecimiento de
asequible y segura los ecosistemas y la biodiversidad energética

1 1
«De la granja a la mesa»: un respecto del

emisiones

crearé em Ieo Movilizacion de la industria en pro . . o >
P de una economia limpia y circular :'rs;z';;uac:;";egﬂrg Jmuztl:‘l:;bs:r!l'l;lt?;ﬁlttee exterior
y crecimiento \
Uso eficiente de la energia y los o
recursos en la construccion y Acelerar la transicién a una
e movilidad sostenible e inteligente
hara frente a ; -
: : mejorara
la pobreza Financiacién de la transicion Qu{igiiiigﬁiduesg;as
(ti nuestra salud
energetica
La UE como Pacto Europeo y bienestar
lider mundial por el Clima

Font: Comissié Europea



The EU Green Deal l’
Transport eficient, segur i respectudés amb el medi ambient eureca

Font: Comissid Europea

Centre Tecnologic de Catalunya

OBJECTIVES _
El transporte contribuye en torno al 5 % al PIB de la

1 p] 3 UE y da empleo a mas de 10 millones de personas en
Sustainable Smart Resilient Europa, lo que hace que el sistema de transporte
sea fundamental para las empresas europeas y las
cadenas de suministro mundiales. Al mismo tiempo
el transporte tiene unos costes para nuestra sociedad:
emisiones de gases de efecto invernadero y
contaminantes, ruido, atascos y accidentes de trafico.

Mobility Mobility Mobility

1

o . #MobilityStrategy

Actualmente, las emisiones de los transportes representan alrededor del 25 % de las emisiones
totales de gases de efecto invernadero de la UE, y estas emisiones han aumentado en los ultimos
afos. Nuestro objetivo de ser el primer continente climaticamente neutro para 2050 requiere
cambios ambiciosos en el sector del transporte. Se necesita un camino claro para lograr una
reduccion del 90 % de las emisiones de gases de efecto invernadero relacionadas con el
transporte para 2050

La Comision Europea adopté una serne de propuestas para adaptar las politicas de la UE en

materia de clima, energia, transporte y fiscalidad con el fin de reducir las emisiones netas de gases

de efecto invernadero en al menos un 55 % de aqui a 2030, en comparacion con los niveles de

1990. Mas informacién sobre el cumplimiento del Pacto Verde Europeo. #MobilityStrategy




The EU Green Deal

Transport eficient, segur i

Sustainable
Mobility

Font: Comissid Europea

Reducing its dependence
on fossil fuels

A

By 2030, there will be at least
30 million zero-emissions cars and
80 000 zero-emission lorries
in operation.

By 2030, there will be
at least 100 climate-neutral
cities in Europe.
Scheduled collective travel
under 500 km should be carbon neutral
by 2030 within the EU.

%S

Zero-emission large aircraft will
become ready for market by 2035.

respectués amb el medi ambient

7900

“w= reduction

greenhouse gas emissions in transport by 2050

Making
alternative choices available

All large and medium-sized cities put
in place their own sustainable urban
mobility plans by 2030.

S

.

Traffic on high-speed rail
will double by 2030.
By 2050 rail freight traffic
will double.

Transport by inland waterways and
short sea shipping will increase
by 25% by 2030.

eurecat

Centre Tecnologic de Catalunya

Pricing to reflect
environmental impact

The internalisation
of external costs
of transport at the latest
by 2050 will ensure
that those who use transport
will bear the full
costs rather than leaving others
in our society to meet them.

#MobilityStrategy



Evolucié emissions CO2 (g/km) automobils nous eurecal'

Centre Tecnologic de Catalunya

Vehiculos ligeros - Reglamento (UE) 2019/631

{automaviles/ furgonetas) . 2021 - 95 g/km 2025 - 81 g/km 2030 59 g/km

| L Objetivo 2020 “‘" ( Objetivo 2025 “| ‘ Ob;etwozuso \ COP26 (NOV/ZOZ].)
EUROPA | (95/147 g/km) NEDC -15% vs 2021, WLTP) \:37.5% / -31% vs 2021 WLTP)
< - ~ e y. s 2040 — 0 g/km
Publicacidn en [Ln‘.rada en v'gcrj [‘E‘C"‘EI a:licacibr‘j Revision [ Eco-innovaciones: j
Diario Oficia 15052019 01012020 2023 Ajustar limite, MAC
24042019 ® °
COP18 Doha ®
SR 1592
“ 1575 1579 1980 4575 575
Covid-19

| EsPANA |

1123



PROENCAT 2050 eurecal'

Prospectiva Energética de Catalunya Centre Tecnologic de Catalunya

_ _ S’aposta per una alta electrificacio de la demanda
Parteix de la Llei 16/2017, del energética en tots els sectors

canvi climatic, i les bases del Pacte
Nacional per a la Transicio

.. . Grau d'electrificacié de la Consum d'energia
Energetica (PNTE) determinen que demanda energética eléctrica
cal afavorir la transicio cap a una Sector (%) (TWh)
economia neutra en emissions de 2017 2050 2017
gasos arpl? efgcte d'hlverr)acl.e,. = 24.0% 77.5% 43.9 99.5
competltlva, innovadora i eficient S 24.8% 76.4% 43.4 933
en [Us de recursos Primari 15,7% 53,4% 0,4 1,3
IndUstria 30,3% 78,5% 17,6 41,3
Transport' 1,5% 62,6% 1,0 21,6
Serveis 67.9% 97.5% 14,4 16,7
Domestic 42,0% 79,8% 10,0 12,4
Sector energétic 7,0% 100,0% 0,5 6,2

! Inclou el transport terrestre, transport aeri | transport maritim de cabotatge

| Generalitat de Catalunya | %;"9{: Catalunya
[-]

#transicidenergética Il nstitut Catala d"Energia / a” 2030



PROENCAT 2050
Prospectiva Energética de Catalunya eurecal’

Centre Tecnologic de Catalunya

Evolucio del consum total d'energia electrica (TWh)

100

90 Variacio total periode 2017-2050: +126,6%
(el consum es multiplica per 2,3)
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.. .. I} Generalitat de Catalunya | % Catalunya
#transicioenergetica |t Institut Catala d’Energia / «JAE"%85 %, 2030




Evolucio del mercat de venda de vehicles eurecal'
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REPTES l-
Generacio d’energia eléctrica de fonts renovables eureca

Centre Tecnologic de Catalunya @

Evolucio de la produccio bruta d’energia eléctrica amb energies renovables (GWh)

120.000

110.000

100.000 La produccié bruta d’energia

90.000 eléctrica es multiplica per 13,2 en

80.000 el periode 2017-2050, arribant

70.000 superant els 115.000 GWh l'any

80.000 2050 I

50.000

40.000
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, AEmE
=22 > BT TIIILELSTRSE
o o o O o o o O O O O O O O o o O O
Lo I o ot R Y Cd & & O O O & N O N NN
B Hidraulica M Eodlica terrestre HEodlica marina B Fotovoltaica teulades
Fotovoltaica altres m Fotovoltaica terra m Altres renovables

* Altres renovables inclou: RSU renovable, cogeneracio renovable, biogas, biomassa forestal | agricola | solar termoeléctrica

. u T Generalitat de Catalunya | -
#transiciéenergética e e e [ Beme  £p S



REPTES

Bateries

« Augment de la densitat energetica

« Reduccid del temps de recarrega

« Augment de la vida util

» Disseny per la circularitat (segona vida i reciclatge)
« Fer Us de materies primeres no critiques

« Reduccio de costos

B4TTECH (%)

IRECY eurecal

Maodule narameters

15



REPTES

Escassetat dels materials critics

m . Year on Year Change in Costs of the Battery Cell Cathode Materials of Tesla Model 3 (60 kWh)

-

. e N Amount Cost Cost Price Charts
Reservas Produccion M March 2021 8" March 2022
1. Chile 1. Australia &
2. Australia 2 Chile - ~
> Aeendna 2. fhine ibm 38.8 kg 465 USD 2440 USD
: ina - Argentina b Lithium Hydroxide =
© ELU 5 Brail . A y 12 USD/Kg 63 USD/kg .,
6. Zimbabue 6. Zimbabue .
1. Indonesia 1. Indonesia
2. Australia 2. Filipinas
3. Brasil 3. Rusia 785 USD 4750 USD
4. Rusia 4.  (F)N.Caledonia 16.5 USD/kg 100 USD/kg
5. Filipinas 5. Australia
6. China 6. Canada
1. RD Congo 1. RD Congo s
2. Australia 2. Rusia .
3. Indonesia 3. Australia 145 USD 210 USD
4. Cuba 4. Filipinas 55 USD/kg 80 USD/kg
5. Filipinas 5. Canada
6. Rusia 6. Cuba

Reservas Mn = 1. Sudéfrica; 2. Australia; 3. Brasil; 4. Ucrania; 5. Gabén; 6. China
Produccidon Mn = 1. Sudéfrica; 2. Gabdn; 3. Australia; 4. China; 5. Ucrania; 6. Ghana 16

2021




Battery value Chain
Technology for cell, battery packs, and systems development

B4TTECH (&

IREC? eurecal

Materials & Cells
R+D

« Li-ion, Na-ion, Li-S
batteries, All Solid

State batteries,
Redox flow
batteries,
Supercapacitors
and hybrid
systems

Synthesis-
structure-
properties
correlation of
(nano)electrodes

Electrode coating

lonic liquid cell
electrolytes

Polymer
electrolyte
membranes

Module & Battery
Pack development

* Housing BP

- Multi-material

- Light materials
(Composites,Al,
AHSS)

 Battery
Management
Systems (BMS)

BMS
Development
Power converter
& controls
design

Energy systems
hybridization

Sensors
integration

Testing &
Characterization of
Cells, Modules and
Battery Packs

* Benchmarking
* Quality control
» Safety

» Accelerated
ageing

* Cell to Battery
validation
(standards or
tailor-made)

» Abusive tests
following
standards for
safety (UN, UL
and R100)

» User-defined tests

Modelling &
Simulation
» Model generation:
» Empirical
- Electrochemical
- Ageing
- Thermal

* Algorithms for
State-of-charge
(SOC), State-of-
health (SOH)

 Cell, module and
battery
electrochemical
and thermal
simulation

Power Electronics
& Grid Integration

- Battery
Management
Systems (BMS)
validation

* Power electronics
& Grid integration

- Grid integration
studies &
validation
Smart
Charging/V2G,
AC/DC charging
points design

Energy Systems
Analytics

» Charging point
management

* V2G, Smart
charging & EMS
integration

* EMS including
electromobility
services

» EV forecasting

* Data
management:
usage of EV data
for BM evaluation,
SOH & EoL, new
services.

2nd and End of life
batteries

* Reuse and
recovery battery
and cells

« 2nd life studies

» Post-mortem
analysis

» Safe dismantling
and preparation
for recycling

» Metal recovery
 Battery Passport
* HAZOP Analysis

Circular
Economy

 Eco-design/Design for Circularity « Life Cycle Cost & Social Life Cycle Assessment

+ Safe dismantling and preparation for recycling * Levelized cost of energy (LCOE)




B4ATTECH (:) Projecte Cobra

IRECY eurecal Les cel-les del futur

Total budget ~ 12 M€

Cobalt-free COBRA aims to develop a novel Cobalt-free
batteries for future Lithium-ion battery technology that overcomes many
of the current shortcomings faced by Electrical
Vehicle (EV) batteries. The proposed Li-ion technology
applications will be demonstrated at TRL6 (battery pack level).

automotive

Discharge capacity (mAhg™)

. Ni, ,Mn, Al O, 1C=333mAhg’
.,‘N Mn, 0, 1C=250 mahg
Ni 8N, 0, 1C=250 mAhg
40

RARRRRRRAR

T
20

o

T
60 8 100 120 140
cycles

Material testing Cell development

Module and battery pack assembly

The project is coordinated by IREC.
18



B4TTECH (g ) Projecte Marbel

IRECY eurecalt Les bateries del futur

eurecal ¥ FicosA () rowertech

ADNANCED ENERGY STORAGE SYSTEM:

Ingolstadt

€ Apl H
Total budget ~ 12 M€ e @ (€) o Ll

IREC” /\acraT [Z]asAs

Manufacturing and
Assembly of modular and
... y

Reusable EV Battery for
MARB E L Environment-friendly and

Lightweight mobility

» Useful Battery life up to 300,000

> 20% weight reduction
km

> 25% charging time

reduction * Easy & Safe (dis-)assembly

automatization
> 40% LCA improvement by

. .  Reparability and 2 life transition
using modularity

* Adaptable to all cells and vehicles s o

& & VALIDATION

FUTURE
PERFORMANCE
& SAFETY TEST

The project is coordinated by EURECAT. PROCEDURES




REPTES
Piles d’hidrogen

 Industrialitzacio
« Reduccio de pes i volum
« Augment de la vida util

Disseny per la circularitat
» Reduccio del cost

Battery set

Hydrogen tank

Electric engine \

DC/DC converter

ADVANTAGES

Emission-free
> Output consists fo water vapour

Hydrogen is available in infinite quantities
> Via electrolysis

High range
> Up to 600 km

Fast refuelling
> 3-5 Minuten

No engine sounds
> Leads to less road noise

&
®)
©
(¢

Gearbox
Thermal system N
(cooling)

/
3

power electronic

Battery controller

(auxiliary power unit)

https://www.volkswagenag.com/en/news/stories/2019/08/hydrogen-or-battery--that-is-the-question.html

Fuel cell tank

° °
o Membrane ¢

o ||| e

geh Anode Cathode gen

vapour |

VALL DE
H L'HIDROGEN
2

DISADVANTAGES

Lower efficiency
> Due to high energy losses

Highly flammable
> However, hydrogen volatilizes rapidly

Poor infrastructure
> Only 60 filling stations in Germany

High costs
> Very expensive to purchase and maintain

20



https://www.volkswagenag.com/en/news/stories/2019/08/hydrogen-or-battery--that-is-the-question.html

Comparativa d’eficiencies

Bateries vs Piles d’hidrogen

W Cars: Battery electric most efficient by far

Direct chargin
battery electnc vehicle

Hydrogen

fuel cellvehicle

Power to liquid

conventional vehicle

— Electrolysis

CO:z air-capture
FT-synthesis

Transport, storage
and distribution

[ — Well to tank -

Fuel production
efficiency

95%

61% 44%

- Chargin
| equipment(EVSE

Batter{fcharge
efficiency

H2 to electricity
conversion

| Inversion DC/AC
L— Engine efficiency

Tank to wheel -

eurecat

Centre Tecnologic de Catalunya

Total cost of ownership/ USD per 100km

Overall efficiency 7°/o

0% 13%

Source: WTT (LBST, IEA, World bank), TTW, (IEA, DOE, T port& £
Note: values displayed here are on the higher side {optimistic) of the ranges found in the b-bbognphy

TRANSPORT & w@transenv [ @transenv
l— ENVIRONMENT @ transportenvironment.org

Comparative TCO analysis of a drayage truck Fuel Cell
Electric Vehicle (FCEV) operating in California

Fuente: Fueling the Future of Mobility. Hydrogen and
fuel cell solutions for transportation. Ballard & Deloitte



REPTES
Punts de recarrega eléctrica eurecal’

Centre Tecnologic de Catalunya @

Infraestructura total de acceso publico en Espana

Proyeccion a nivel Comunidades Auténomas

339.998 .~
VS 250.000 — 300.000 del Gobierno O @Q
174

Puntos 339.998 307659 24349 2435 5.556

® P <505
® 0P <15%0EW]
® 150 5 P <250 xW)

Inciuye o andhps de los prioopales comediones

A\NFAC j ° @% _ 7\

P x 250 (kW]
@ Punios Totaies

FACONAUTO

TOTAL g

PUNTOS DE RECARGA DE l
ACCESO PUBLICO

o 8.945

Fuente: Elaboracion propia de ANFAC en
base a Electromaps

2030
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Cmart Crd eléctri eurecat

Smart Grid electrica
Centre Tecnologic de Catalunya

TENDENCIAS OBSTACULOS SOLUCIONES CLAVE

. : Grid Centralised Decentralised Grid instability Smart grids

V2G Unit

Electric vehicle

High Vot Intelligent
igh Voltage markets

Battery
A @5 - et A e
‘£
{ /

— N\ /$£/

Font: IREC
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vant amb les empreses “ . ° '
Gracies!

eurecatl

www.eurecat.org


mailto:agusti.chico@eurecat.org

