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Agenda

o Packaging Space
o Requirement Elicitation
o Concept Development
o Module Design
o Integration Challenges



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



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
• Additional volumes within the chassis can be 

exploited
• Home energy storage would be best to do using small 

form factor modules



Requirement Elicitation
Besides the packaging space other requirements:
• Thermal Management: Immersion
• 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



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



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
• Easily Scalable



Module Design
After settling on a concept:
• Start sketching design concepts
• Various thermal design variations



Module Design
After settling on a concept:
• Start sketching design concepts
• Various thermal design variations



Integration Challenges
o Assembly Order

o Sealing
o Welding
o Connections

o Assembly Cost
o Design for Assembly, Repair, Reuse and Disassembly



Any Questions?



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, 26th Nov 2024 in Barcelona

by Corneliu Barbu, Aarhus university



Helios Project Overview

Methodology followed in Helios project

Corneliu Barbu (AU), Helios project at Collabat Cluster Workshop,  Barcelona, Nov 2024 page 16



Project specific goals
↯ 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)

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

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

↯ 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



Why “hybrid” battery pack with 2 chemistries? 

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

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

↯ … or a 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

↯ … or…or…or…

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

↯ Helios hybrid battery pack is addressing this issue

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



Hybridization Concept
↯ 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

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

↯ To avoid cell degradation and extend battery lifetime

↯ 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

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



Hybrid Modular Concept
↯ 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

Corneliu Barbu (AU), Helios project at Collabat Cluster Workshop,  Barcelona, Nov 2024 page 21



Sub-packs
↯ 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). 

↯ Always 4 same type modules (HE or HP) will go into 1 “Subpack” with its 

thermal mng circuit

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

wireless BMS, etc

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



Outlook

↯ 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

↯ A small EV (Mitsubishi iMiEV) and a fullsize E-Bus from Bozankaya

Corneliu Barbu (AU), Helios project at Collabat Cluster Workshop,  Barcelona, Nov 2024 page 23



THANK YOU!



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.

Lightweight Battery System for Extended Range at Improved Safety

Lightweight design for safer and 
efficient cell-to-pack 

Eduardo Miguel (Ikerlan S. Coop)



LIBERTY – Project Overview

◦ O1: To achieve a range of 500 km on a fully charged battery pack

◦ 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



LIBERTY – Why a cell to pack?

◦ O1: 500 km range 

◦ O2: 18min charging time

◦ O3: Safe battery system

◦ O4: Long battery lifetime 

◦ O1: High energy density

◦ Efficient space utilization & Lightweight materials

◦ O2: Effective cooling

◦ O3: TR reinforced measures

◦ O4: Propper temperature control 



◦ Efficient space utilization & Lightweight materials

◦ Effective cooling

◦ TR reinforced measurements

◦ Propper temperature control How much energy could fit in 
the existing EQC frame?

LIBERTY – Why a cell to pack?



◦ Efficient space utilization & Lightweight materials

◦ Effective cooling

◦ TR reinforced measurements

◦ Propper temperature control 

A cell to pack is the more 
energy dense solution!

86,7KWh/800V system

What else can we do?

LIBERTY – Why a cell to pack?



◦ Efficient space utilization & Lightweight materials

◦ Effective cooling

◦ TR reinforced measurements

◦ Propper temperature control 

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

◦ Reduction in weight and 
environmental footprint

LIBERTY – Lightweight materials



LIBERTY – Efficient cooling

◦ Efficient space utilization & Lightweight materials

◦ Effective cooling

◦ TR reinforced measurements

◦ Propper temperature control 

◦ Remember that…

◦ 18min charging time 

◦ Safe battery system 

◦ Long battery lifetime

En of first life

Fast charging

Nominal conditions

So how we make cooling effectively?



◦ 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?

◦ Semi-immersed spray cooling system

◦ Propper temperature control 

◦ Aid TR propagation containment

LIBERTY – Semi-immersed spray cooling system
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Assembled battery pack with electrical subsystem installed

◦ Tubing

◦ Spray nozzels

◦ Semi – Inmersed cells

LIBERTY – Semi-immersed spray cooling system



MECHANICAL PROTECTION

THERMAL RUNAWAY MANAGEMENT

THIN STRUCTURES

EASY INTEGRATION

< 10 mm around module

Self-supporting

Easy to handle

λ < 15mW/(m.K)

Temperature inside module 600°C

Temperature outside < 100°C 

No propagation

ACTIVE SAFETY SYSTEM

Without toxic materials

SAFE

Boiling compartment

Patented

◦ Efficient space utilization & Lightweight materials

◦ Effective cooling

◦ TR reinforced measurements

◦ Propper temperature control 

LIBERTY – Active safety system



▪ Delay thermal propagation from:

▪ One cell to the other

▪ One module to the other

▪ The cells to the encloser

▪ Lightweight

▪ Enable cell compressible & breathing

▪ Electrical & Thermal Insulation

▪ Non-flammable

▪ Integration: self adhesive & customized design

PASSIVE SAFETY SYSTEM (HEAT SHIELD)

◦ Efficient space utilization & Lightweight materials

◦ Effective cooling

◦ TR reinforced measurements

◦ Propper temperature control 

Pressure peaks indicate Thermal Runaway of a cell

Heat shield (delay)
heat shield (4mm)

heat shield
(2mm)

LIBERTY – Passive safety system



This is our battery concept

Want to know more?

LIBERTY – Battery pack



LIBERTY final event
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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.

Lightweight Battery System for Extended Range at Improved Safety

Thank you!



Manufacturing and assembly of modular and 
reusable EV battery for environment-friendly

and lightweight mobility

COLLABAT
Circular design in high performance Battery Packs

PRESENTER NAME: Violeta Vargas (EURECAT)

EMAIL: violeta.vargas@eurecat.org

DATE: November 26th, 2024
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The Urgency for Sustainable Innovation in EV Batteries

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 
using resources from Flaticon.com and canva.com

European Climate Law

Cut net greenhouse gas 

emissions by at least 55% by 

2030,

Strategy

Climate neutrality 

by 2050

PARIS    
AGREEMENT
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The Urgency for Sustainable Innovation in EV Batteries

Other, 3%

Residential and 
services, 17%

Energy industry, 34%

Manufacturing 
and 

construction, 
17%

Transport, 29%

Breakdown by source of GHG emissions in the EU-27 between 1990 and 2021

Source: UNFCCC
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Raw Materials extraction and 
components manufacturing

On board UseSecond Life

End of Life

images: Flaticon.com'. These covers has been designed using 
resources from Flaticon.com

Methodology



43

Methodology

STEP 1: Identification of Hotspots and Life 
Cycle Stages

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

STEP 3: Alignment of technological 
procedures to the selected strategies

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

• Hotspots and main issues

STEP 1

Based on a benchmark analysis for conventional 
products/stages/materials…

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

STEP 1: Identification of Hotspots and Life 
Cycle Stages

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

STEP 3: Alignment of technological 
procedures to the selected strategies

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

• Strategies and set-up

STEP 2

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

• …

Creating a repository of strategies in datasheet format



45

Methodology

STEP 1: Identification of Hotspots and Life 
Cycle Stages

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

STEP 3: Alignment of technological 
procedures to the selected strategies

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

• Re-adapt to feasibility

STEP 3
To procure adapt the technical perspective to the environmental 
sphere (and vice versa)

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

STEP 1: Identification of Hotspots and Life 
Cycle Stages

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

STEP 3: Alignment of technological 
procedures to the selected strategies

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

• Specific actions

STEP 4

From the strategy to action, in other words: define 
clearly what technical specific activities are 
proposed and “translate it” into the environmental 
sphere
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Following steps

How to measure it?

Life Cycle Assessment

Raw Materials extraction 
and components 
manufacturing

Use Second Life End of Life



48

A step forward

Action 1: Use of recycled and recyclable materials

Aluminium 60% recycled content

777 kg CO2 SAVED

1.440
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0
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100% Virgin material CO2 saved 60% recycled content

K
g 
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2
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-54%

Carbon footprint

Virgin aluminium → 9,9kg CO2 eq/kg 

Recycled aluminium

0,99kg CO2 eq/kg

Housing profiles ~145 kg

TMS ~20 kg aluminium

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

A step forward
T
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Strategic material

-88%

JBOX ~5 kg 
copper busbars

Electrical system ~11 kg copper busbars

Human Toxicity

Virgin aluminium → 24 kg 1,4DBeq/kg

Copper

105 kg 1,4DBeq/kg
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884 kg 1,4DBeq saved

-88%
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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. 

A step forward

Module Endplates simulation

and optimization

3.852

-1.926

1.926

-2000

-1000

0

1000

2000

3000

4000

Non optimization with
simulation

MJ saved Optimization with
simulation

M
J

-50%

Energy consumption

Virgin aluminium → 107 MJ/kg 

50% weight reduction

53 MJ/kg

Non optimization vs Optimization with simulation

1.926 MJ saved
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Conclusions

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 CO₂ 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.



Manufacturing and assembly of
modular and reusable EV 

battery for environment-friendly
and lightweight mobility

THANK YOU!

A project coordinated by:

PRESENTER NAME: Violeta Vargas (EURECAT)

EMAIL: violeta.vargas@eurecat.org

DATE: June 13th 2024
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