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Packaging Space

How to find the optimal packaging space:
 What is our target vehicle?
* Is there a second life target?

L
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Packaging Space

How to find the optimal packaging space:

* What is our target vehicle? > BMW i3

* Is there a second life target? - Yes, home energy
storage

What does this mean for our packaging space?
* Pre-defined volume decided by vehicle chassis and/or
Battery Tray
e Additional volumes within the chassis can be
exploited
* Home energy storage would be best to do using small
form factor modules
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Requirement Elicitation

Besides the packaging space other requirements:
* Thermal Management: Immersion

e Charging Performance: 150kW

* Range: 25% increase

* Energy Density: >200Wh/kg on Pack level

These will help to determine:
* Cell Type

* Number of Cells

* Sub-division of cells
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Module Concept — Cell Type

Three Main Options:
* Cyclindrical

* Prismatic

* Pouch

Main choice variables:

* Thermal Design = Immersion Cooling
 Scalability = Small Steps

* Energy Density = Highest possible energy density

Out of these the cylindrical cells won:

* High energy density

* Compatible with Immersion Cooling
* Scalable
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Module Concept — Packagiesss

Various concepts need to be evaluated




leat pipes

Module Concept — Packa

Various concepts need to be evaluated
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Module Concept — Packaging

Various concepts need to be evaluated
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Module Concept — Packaging

Various concepts need to be evaluated

One Remained, in conjuncture with the cell type discussion
above!

Horizontal 21700 cells:

* High Energy Density

* Allows for Fluid Paths
e Easily Scalable
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Module Design

After settling on a concept:
« Start sketching design concepts
* Various thermal design variations
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Module Des

After settling on a concept

Start sketching design concepts

Various thermal des

1ations
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Integration Challenges

o Assembly Order
o Sealing
o Welding
o Connections
o Assembly Cost
o Design for Assembly, Repair, Reuse and Disassembly
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HELIOS Project —

Innovative hybrid modular pack design with
HP & HE cells to cope with different driving
styles and use cases

prepared for Collabat Cluster Workshop, 26" Nov 2024 in Barcelona

by Corneliu Barbu, Aarhus university

This project has received funding

from the European Union’s Horizon 2020 This document reflects the view of its author(s) only.
research and innovation programme The funding agency is not responsible for any use that

under grant agreement No 963646 may be made of the information it contains. \




Helios Project Overview

Methodology followed in Helios project
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Validation

Functional
safety

Mid-size EV for car-sharing :
Mitsubishi i-MiEV

Mechanical
resistance

Performance

S10 e-bus,
BOZANKAYA
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Business
Models

Corneliu Barbu (AU), Helios project at Collabat Cluster Workshop, Barcelona, Nov 2024

page 16 \
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Project specific goals

7  30% reduction of weight and 20% reduction in volume for both EV and e-bus application, corresponding
to energy densities of 240 Wh/kg (500 Wh/L) and 500 W/kg (1000W/L) , which represents a 50%
improvement compared to current energy density levels provided by TESLA (Model 3)

Z  Charging of a small EV (~80% SoC) in approx. 6 minutes with superfast-charging at 360kW

I\

Extend lifetime of Helios battery pack up to 300,000km or 20 years

Z  Improve circular economy processes within manufacturing, assembling, disassembling and recycling to
min 20% Life Cycle Analysis improvement

» 2 Prototypes as demonstrators in Mitsubishi city car and Bozankaya E-Bus

Corneliu Barbu (AU), Helios project at Collabat Cluster Workshop, Barcelona, Nov 2024 page 17 \
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Why “hybrid” battery pack with 2 chemistrieg

How confident are you that a given EV model meets YOUR customer
demands?

Z  Are you more a sporty driver, not too long distances, but you
want to re-charge your EV battery in < 10 minutes?

Z ... ora sales rep, travelling long distances per day, but then you
stop at your customer site or make an overnight... so need
larger driving range, but then have enough time for recharge

Z ...or...or...or...

Z Hence customizing the battery pack already according to the
end-use and different driving style needs would be the solution

Z  Helios hybrid battery pack is addressing this issue

.
Corneliu Barbu (AU), Helios project at Collabat Cluster Workshop, Barcelona, Nov 2024 page 18 \
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Hybridization Concept

Z Combination of High-Power LTO cells (more power & performance in specific cycle
conditions) with High-Energy NMC cells (more range) cells allows broad application in
many use cases and BEVs

Z  Helios concept with variable configuration of HP & HE modules in series and parallel = highly
flexible and scalable

Terminals

Battery

HPM Power Support

Peak power Peak Power HEM
Avg. power for Converter Driving Range
time Avg. power for time Fast charge

(Fast charge; Fast charge
limited Depth of

Discharge) < Rane extender

Fast charge

&
Corneliu Barbu (AU), Helios project at Collabat Cluster Workshop, Barcelona, Nov 2024 page 19 \
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Helios power electronics innovation

To shift load between the two sides of the Helios battery pack and guarantee an effective
balancing of power, we need additional power electronics architecture

Z To avoid cell degradation and extend battery lifetime

7  Specific power converters to enable superfast-charging up to 360kW (demonstrating in Helios
prototype) = enable to recharge a small EV in less than 10 minutes

©

Vi
OB

Corneliu Barbu (AU), Helios project at Collabat Cluster Workshop, Barcelona, Nov 2024 page 20 \
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Hybrid Modular Concept

7 The High-Power and the High-Energy modules have the same size and shape, so easy to
(re)configurate and assemble in a defined Helios battery pack

HIGH Energy

1 r
Corneliu Barbu (AU), Helios project at Collabat Cluster Workshop, Barcelona, Nov 2024 page 21 \
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Sub-packs

7 As the Helios modules, both High Power as well as High Energy module
have same size and shape, these can be easily produced in scale-up

production (using plastic molding of several hundreds to thousand pieces per
year).

7 Always 4 same type modules (HE or HP) will go into 1 “Subpack” with its
thermal mng circuit

7 For the small passenger car, we wil have 3 “subpacks” with the DC/DC and

Corneliu Barbu (AU), Helios project at Collabat Cluster Workshop, Barcelona, Nov 2024 page 22 \
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Outlook

Z In the final validation of the Helios hybrid modular battery concept, we will show our results
In two use-case towards end of 2024, on the extreme ends of needs and driving styles

7 Asmall EV (Mitsubishi iMiEV) and a fullsize E-Bus from Bozankaya

Corneliu Barbu (AU), Helios project at Collabat Cluster Workshop, Barcelona, Nov 2024 page 23 \
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THANK YOU!
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Lightweight design for safer and
efficient cell-to-pack

Eduardo Miguel (Ikerlan S. Coop)
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Lightweight Battery System for Extended Range at Improved Safety

o LIBERTY has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 963522,
The document reflects only the author’s view, the Agency is not responsible for any use that may be made of the information it contains.




LIBERTY — Project Overview

o O To achieve a range of 500 km on a fully charged battery pack

o (O2: To achieve a short charging time
> O3: To achieve an ultimately safe battery system

> O4: To achieve a long battery lifetime

- O5: To achieve sustainability over the battery pack entire life cycle

g State-of-art reference SUV N

Parameter Benchmark: EQC 2019 Target: LIBERTY EQC
Battery system capacity [KWh] 80 96

Battery system weight based on 80 kWh battery capacity [kg] 650 520

Max. charging power [kW] 110 350
Charging window 10-80% SoC [min] 40 18

Range (WLTF) [km] 417 500

Battery life (no. of cycles to 80% DoD) So0 1000
Mileage [km] 160,000 =300,000

Range LIBERTY Innovations

Q 9 400-420
' o km

Charging time | — =
(10-260 % SoC; s
fast charging) — ol J

40-45min | ‘!!!t_

Life cycle
mileage

150,000-180,000 km

S .

LL!BERTY

IGI lTWEAG !T BATTERY SYSTEM

@9 <20 min l 50% |

Eiojo0l0
»300,000km [ *80%

Ultimately ~ Sustainable
safe !
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LIBERTY — Why a cell to pack?

. O7: 500 km range o OT: High energy density

o Efficient space utilization & Lightweight materials

o O2: 18min charging time

o O2: Effective cooling
o (O3: Safe battery system

o o (O3: TR reinforced measures
> O4: Long battery lifetime

o O4: Propper temperature control

Parameter Benchmark: EQC 2019 Target: LIBERTY EQC
Battery system capacity [kWh] 80 96

Battery system weight based on 80 kWh battery capacity [kg] 650 520

Max. charging power [kW] 110 350
Charging window 10-80% SoC [min] 40 13

Range (WLTF) [km] 417 500

Battery life (no. of cycles to 80% DoD) SO0 1000
Mileage [km] 160,000 =300,000




LIBERTY —Why a cell to pack?

Efficient space utilization & Lightweight materials b

-~ lCBfﬁ'T\A/EEICBPﬁ'T’E3/\1"1'EEF2“? SYSTEM
' FOR EXTENDED RANGE AT IMPROVED SAFETY o
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How much energy could fit in
the existing EQC frame?

ooooo




LIBERTY —Why a cell to pack?

Efficient space utilization & Lightweight materials ‘! N N\
IGHTWEIGHT BATTERY SYSTEM
= FOR EXTENDED RANGE AT IMPROVED SAFETY -

A cell to pack is the more
energy dense solution!

86,7KWh/800V system

What else can we do?
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LIBERTY — Lightweight materials SlE SNy

Concept description

o Efficient space utilization & Lightweight materials

d floor support — Aluminum

o
Top cover (incl. Venting valves, connection support, sealing)
— organo sheet (thermoplastic composite material)

o
Frame (Based on existing EQC casing) — Aluminum
o

Bottom structure — Aluminum

Bottom plate — Organo sheet (thermoplastic composite material)

o State-of-the-art aluminium battery casing
large parts replaced by composite parts

> Reduction in weight and
environmental footprint
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LIBERTY — Efficient cooling

Effective cooling

Propper temperature control

o Remember that...

O .

LLfBERTY

G IWL G 7 BAY TLRY SYS I’LM

Nominal conditions

Fast charging

> 18min charging time ™
o Safe battery system
> Long battery lifetime

So how we make cooling effectively?

En of first life

2000

| J
2500 280
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LIBERTY — Semi-immersed spray cooling system

Efficient space utilization & Lightweight materials
Effective cooling
TR reinforced measurements

Propper temperature control

So how we make cooling effectively in a
cell to pack concept?

o Semi-immersed spray cooling system
> Propper temperature control

o Aid TR propagation containment

= ///ll////l////l

= ¢“—l£!l




LIBERTY — Semi-immersed spray cooling system

Main pipe

Tubing

Distribution
Pl o

Spray nozzels

Semi — Inmersed cells

&
=
£
S
-
-
-
-
'
-
-
-
-
-

Assembled battery pack with electrical subsystem installed

Page 33
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' “LIBERTY
LIBERTY — Active safety system

o TR reinforced measurements

ACTIVE SAFETY SYSTEM

Self-supporting A < 15mwW/(m.K)

Easy to handle Boiling compartment

SAFE

THERMAL RUNAWAY MANAGEMENT

Temperature inside module 600°C
Temperature outside < 100°C
No propagation

Without toxic materials

THIN STRUCTURES

+[+
< 10 mm around module Patented
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LIGHTWEIGHT BATTERY SYSTEM
FOI LXTENDLED RANGLE Al IMPROVED SAFL 1Y

LIBERTY — Passive safety system

TR reinforced measurements

o

"""""""""""""""""""""" HUTCHINSON PREMIUM HEAT i
SHIELD I’

= TR BLOKING !

' Thermal propagetion on the cell #1 to #6

1
" Cells temperature up to 1000°C

! TR ignition
on cell #1 2
1

= Delay thermal propagation from:
=  One cell to the other
=  One module to the other
= The cells to the encloser

= Lightweight

4.5
= Enable cell compressible & breathing 4 Pressure peaks indicate Thermal Runaway of a cell
. . g 3.5
= Electrical & Thermal Insulation 3 heat shield
o 3 (2mm)
= Non-flammable E 2.3 Heat shield (delay) heat shield (4mm)
& 2
= Integration: self adhesive & customized design L5
1400 1600 1800 2000 2200 2400 2600

time /s



LIBERTY — Battery pack

This is our battery concept LIGHTWEIGHT BATTERY SYSTEM
FOR EXTENDED RANGE AT IMPROVED SAFETY
Want to know more? BT T

Pressure sensoi orin
cell arrangement




LIBERTY final event

JOIN US AT
Mercedes Headquarters Il Stutgart, Germany.

DATA/TIME:
2024-12-06, 9:3 00.

www.libertyproject.eu

S S A
~LIBERTY

KEY INNOVATIONS

1. To achieve a range of 500 km on a fully charged battery pack.
02, To achieve a short charging time.
2. To achieve an ultimately safe battery system.
2. To achieve a long battery lifetime.
5. To achieve sustainability over
the battery pack’s entire life cycle.

PROJECT GOALS

LIBERTY will develop a new battery system through smart
combinations and implemen-tation of innovations including.

*  Acompact and safe battery pack based on high
energy density cells and light-weight materials
housing which is crash resistant.

*  Aversatile battery management system resulting
in optimal performance and safety over the system's
total lifetime (first and second life).

*  High accuracy state estimators allowing fast
charging, enhancing range and lifetime, and

g ult safety di
* Anir ive thermal system
ing safety and p ing battery
during fast charging.
. Design a (semi) battery di:
procedure thereby reducing costs for recycling

and reuse.

. Developing of future-proof testing protocols
for standardised EV safety as well as
performance testing.

PROJECT PARTNERS

m ARG
MAKE 4.
£.CLEPA

Gormany
Accvmt infinece
7 Fraunhofer
- -
Romania

S .

e
“LIBERTY

LIGHTWEIGHT BATTERY SYSTEM

FOI LXTENDLED RANGLE Al IMPROVED SAFL 1Y

Liberty Battery Pack
presentation, Design
and Innovation.

LOCATION: M Head ters Il Stutgart, G

DATA TIME: 2024-12-06, 9:30 - 16:00.

Description Start/Duration

Welcome 9:30- 10:00
Project te.chnical 10:00 - 11:00
overview
Coffee break 11:00 - 11:15
LIBERTY battery display 11:15- 11:45 REGISTER
HERE
Roundtable discussion 7 : L
2 Q8A 11:45-12:35 E EI
v
1]
Showroom & lunch 12:35 - 14:00 3
i M)
o s L}
Visit to Mercedes 14-30 - 16:00 - O
museum E

www.libertyproject.eu

Page 37
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Thank you!

S

“LIBERTY

LIGHTWEIGHT BATTERY SYSTEM
FOR EXTENDED RANGE AT IMPROVED SAFETY

Lightweight Battery System for Extended Range at Improved Safety

LIBERTY has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 963522.
The document reflects only the author’s view, the Agency is not responsible for any use that may be made of the information it contains.
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Manufacturing and assembly of modular and
reusable EV battery for environment-friendly
and lightweight mobility

COLLABAT

Circular design in high performance Battery Packs

...
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PRESENTER NAME: Violeta Vargas (EURECAT)

EMAIL: violeta.varaseu recat.org

DATE: November

26112024




The Urgency for Sustainable Innovation in EV Batteries

Strategy
Climate neutrality
4 by 2050
:”: e s
’0‘ ol

A PARIS European CIi te Law
2 AGREEMENT Cut net greenhouse gas

emissions by at least 55% by
y @ \ 2030

Commitment

To stay below 1.5 °C of global warming
50% emission reduction by 2030

Zero CO2 emissions by 2050

images. Flaticon.com’and Canva. These covers has been designed 40
using resources from Flaticon.com and canva.com




The Urgency for Sustainable Innovation in EV Batteries

Manufacturing
and
construction,

17%
Transport, 29% Other, 3%
[ - [ Breakdown by source of GHG emissions in the EU-27 between 1990 and 2021

MARBL Source: UNECCC




Methodology

ACTIONS HOTSPOT

Actions Identi nof
definition o

On board Use

Second Life

— e images: Flaticon.com'. These covers has been designed using

MA R B E L resources from Flaticon.com




Methodoloqgy eureca[
STEP 1

* Hotspots and main issues Based on a benchmark analysis for conventional

products/stages/materials...

STEP 1: Identification
Cycle Stages

of Hotspots and Life

With the application of the LCA/LCC in a prospective
manner at the beginning of the project/action/task

+ | RAW MATERIALS EXTRACTION MPACT
AND COMPONENTS pancE 30% - 50%
MANUFACTURING

from the production of  the  wirnig  System
HOTSPOTS stucturel paris (dee)  fcopper) 2nd  their  mainly, achied

F | . IMPACT 0 0
Th rtributi = f Is Regarding G| ‘ON BOARD USE 50%) - 80%)
€ contribution E_Uwr‘g Presence D, metals on “:;51 I’|a"’ \n I ‘ RANGE

o 0

(Meszagie et ) pstream  guration,  Impacts in
5;'5::?;? process TS conventional
Messagie et ol (Hawkings et af

Energy consumption is The environmental | vehide  lfetime s Battery weight hss a ncreasing the  intemal

HOTSPOTS diracty related to weizht performance  of  EVs | Eovered by Use and hat well sfects i other battery efficiency implies

& MAIN (Del Pero et al) relies on electricity mixin | 2 very important effect impartant aspects, such 2 reduction on the impact

REFERENCES ISSUES the came way than it | on whole EV life cycle as fire and brake abrasion of the internal efficiency

+ Meszazie M., Boureima F. Matheys J. Sergeant N Turcksin L. Magharis C. Van Misrllg doss on epeigy we and | (Hankings et [Messagie et al) e ey

vehicle ifetime | N

+ Troy R Hewiins, Bhawe Stingh, Guilaume Maieay-Bett s . :
Ehawe el -3sliss {Hawkingg st 2l |

* Rinne, M. Elomaa, H., Poryali, A, Lundstrém, M., (2021). Sikulation-based life cycle

and Recycling, 170, 10 "
+ ¥ion Shu, Yingfu Guo, Wenxian Yang, Kexiang Wei, Guanghui Zhu. Life-cycle assessment] ' REFERENCES 1
ustainzble racycling Tach| = Messagie M., Boureima F., Matheys J., Sergeant M., Turt Magharis C, Vi . |
- ) » Francesco del Pero, Lorenze Berzg, Andrea Antenacel, Messime Delogy. Auto '\ SECOND LIFE '
Machines, . 51 " IMPACT - .
= Troy R Hawkins, Bhawa Stingh, Guillaume Majgau-Be! and Anders Hammer| | |
+ Margues, P, Garcia, &, Kulay, L, Freire, F. 2019 Camparative life cycle asses: C /o : RANGE i
M., &vellan, L. Orlenius, J, 2010, Life cycle ment of lithium ; " END OF LIFE .
i ! N ’ . IMPACT 15(}/ QO(y
: 2o, ' RANGE 0 0
Pesk shaving applicaion of Replcing @ fresh LMO Th .
batteries (g2, for a residential battery by a repurposed EV o v v b
HOTSPOTS dweling) entalls emvironmental battery can improve uo o £V :
& MAIN benefits thanks to  avoiding 9% maily on _E;“““ en deg '
ISSUES battery manufacturing  efforis stages 'mﬁ”l“y I | T
(Sobba et al ™) | The recovery of products
' . counterbalance the The recyding of the
. HOTSPOTS m?m';;"zﬁ drawbacks associated tb C‘“"d‘? ““‘E?ati'-d the
1 & MAIN 10 cecreas o an increase in ; main point related to
to U and Co recovery S imo: i tal
; consumpion  dus  to improve  environmenta
-...ll REFERENCES_ B lfe epalication of bateries (SASLAEL JAC T ISSUES [Mezsagsetal] these aperations performance
ment of secand life app \far’m of Autometive bateries (SASLAB). J e echnical report. Franco DI {Aichberger et a) '
ia Bobba, Fabrice Mathieux, Fulvig Ardents, Gian Andrea Blengini, Maria Anna % Andreas Podias, Andreas :
Qaterjes: an adapted method based on modelling energy flows. Journal of energy storage; 19(2018) 213-235. !
Life Cydle ment of & thium Iron Phosphate LF) Electric vehicl bettequ in second Ife applicetion scenarios. Sus{  REFERENCES ;

* Messagie M. Bowrgima F. Matheys )., Sergeant M., Turcksin L, Magharis €. Van Migrlg JLife Cycle Assessment of conventional and alternative passenger vehicles in Belgium
» Enviranmental Life Cycle Impacts of Automotive batteries based on a literature review. Ehergies.

* Dai, Q; Kelly, J.C.; Gaines, L; Wang, M. Life Cycle Analysis of Lithium-lon Batte: ‘or Automotive Applications. Batterie:

195,28




Methodology
STEP 2

- Strategies and set-up

STEP 2: Establishment of the most properly
eco-design strategies based on STEP 1

Focused and aligned with the objectives of the study
and coupled to technical actions

« Design for maintainability
+ Lifetime extension

Use of CRM’s substitutes

Considering second-market resources

..

MARBLEL
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Methodology
STEP 3

To procure adapt the technical perspective to the environmental

- Re-adapt to feasibility sphere (and vice versa)

HOW? Workshop where all parties involved begin to be
familiarized with eco-design concepts

o CHES
820320

MIrO  ManseLsEcovesionsTRATEGIES © L =~ vy o0 ee EERwdPoa B

S

STEP 3: Alignment of technological : |
procedures to the selected strategies 2 [ com—— || e - —
S e 11 |

ECODESIGN STRATEGIES

« S1 Effective material usage: lightweighting
« S2 Effective material usage: nature
« S3 Enhancing smart charging options
+ S4: Improve monitoring and state of cell and their capacity
+ S5: Optimization of the driving conditions
« S6: Enhancing of the battery efficiency
-...,, « S7: Promotion of the second life from initial design
MAR B E L » S8: Design for EoL (End of life)
+ 59: General structure optimization

+ 510: Promote a design to allow repairing and refurbishment to enable reuse
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STEP 4

Specific actions From the strategy to action, in other words: define
clearly what technical specific activities are

proposed and “translate it” into the environmental
sphere

Action 1: Use of recycled and recyclable materials, for example, in the extrusion of Aluminium profiles.

Action 2: Reduction of copper material needed for electronic components (cables, wirings, etc.)
Action 3: Adopt 2 "design for reuze. dismaniling and recycling” approsch by using essy recoverable and recyclable rmatenals instead hybrid ones.

Action 4. Topological optimization of profiles fo be wsed in the BP housing. This simulation will calculate the minimum
matenal necessary fo comply with the mechanical requirements.

Action 3 Redwce the guantities of soldening parts of the batieny to minimize use of resources and facilitate end of use and second life operations.

Action 6: Use joining elements that can eazily be removed to facitate disassembly, as screws instead of glues fo s=al the battery pack 'modules case.

STEP 4: Selection of concrete eco-design
actions and Battery Conceptualized Design

Bction T: To define and include 3 pratocol for the disassembly operations to assure safety conditions.

Bction 8: Introduce a weldlsss connection to the calls to support disassembly, repairing, ete, options.

Action 9: Redwce whaole weight of the battery by using lightweight maternsals in the cazing elements (A1, Mg alloys.) and by choosing 3 high gravimetric ensrgy
chermistry in the elecirodes composition that reduces the mass and kesps the energy capacity of the battery.

Bection 10 An enhanced BMS that provides advanced degradation rate estimations to optinize battery usags interms of an extended lifespan.
Action 11: Design a BMS with 3 mulipurpose appraach for both primary and second life options of the batieny.

Action 12: To create 5 clowd connecting environment where data associated to the batiery could be downloaded at any tme duning its Metirne and Znd e
exiension

=, [ [,
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Action 13: Develop a BMS able to respond second lifz applications by connecting fo 200 modules.

Action 14: Adopt 3 battery pack design sble to be easily repsired, refurbished, and reused with limited inferesntions.
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How to measure it?

Life Cycle Assessment

W-}m-} Ly

Raw Materials extraction
and components Second Life

manufacturing
100%
90%
80%
70%
:g B End of Life
40% m Use phase 100%
30% ® Production 20%
20%
10% 80%
0% 70%

Climate change Acidification Particulate 60%
matter

End of Life

M End of Life
M Use phase

H Production

==
= .

MARBLEL

Climate change Acidification Particulate matter
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A step forward
Action 1: Use of recycled and recyclable materials

Housing profiles ~145 kg JBOX ~2 kg 1500 1.440
aluminium
1000
662
500
g
o
(&}
&L
0
100% Virgin material 60% recycled content
TMS ~20 kg aluminium -500
-777
-1000

Aluminium 60% recycled content

Carbon footprint
Virgin aluminium - 9,9kg CO, eq/kg
Recycled aluminium

0,99kg CO, eq/kg

777 kg CO, SAVED
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A step forward eureca[

Action 2: Reduction of copper material needed for electronic components
(cables, wirings, etc.)

JBOX ~5 kg 1500
copper busbars

1000 998 Strategic material

TMS ~9,5 kg
cooling fins

500

é 114
R L
Copper Virgin aluminium
-500
-1000 -884
Human Toxicity - .
Virgin aluminium = 24 kg 1,4DBeq/kg Copper vs Virgin Aluminium
Copper
105 kg 1,4DBeq/kg 884 kg 1,4DBeq saved

= .
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A step forward eureca[

Action 4: Topological optimization of profiles to be used in the BP housing. This simulation will
calculate the minimum material necessary to comply with the mechanical requirements.

4000 3.852
Module Endplates simulation
and optimization

3000

1.926

2000

1000

MJ

Non optimization with
simulation

Optimization with
simulation

-1000

Energy consumption -2000 -1.926
Virgin aluminium - 107 MJ/kg Non optimization vs Optimization with simulation

LSO% weight reduction 1.926 MJ saved
53 MJ/kg '

e | [T
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Conclusions eureca[

Practical Integration of Ecodesign Methodology

« 10 generic ecodesign strategies and 14 specific actions, addressing material efficiency, impact reduction,
and recycling pathways.

« Outcomes highlight the importance of integrating simulation tools and recycled materials into design
decisions for high-performance battery packs.

Demonstrated Benefits of Ecodesign

« Action 1: Adoption of recycled and recyclable materials in housing profiles saves 777 kg CO, reducing
climate change impacts by 54%.

« Action 2: Reduction of copper in electronic components mitigates 8834 kg 1,4DBeq in human toxicity
impact, reducing it in 88%.

- Action 4: Topological optimization of battery pack housing profiles decreases energy consumption by 1926
MJ, achieving a 50% reduction in energy use.

Implementation and Future Outlook
« Stakeholders actively incorporate ecodesign actions into technical aspects.

* Results pave the way for scalable, circular design frameworks that maximize resource recovery, extend EV
battery lifespan, and minimize environmental footprints.
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