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Introduction

Advanced Light-weight Battery systems 

Optimized for fast charging, Safety, and 

Second-life applications

• 25% charging time reduction down to 30 minutes (40 minutes 

currently, 20-80%) using 150kW charger

• Peak Energy Density of >200Wh/kg for i3, an improvement of 50% 

against the current 152Wh/kg 

• 20% weight reduction of the battery system equating to 56kg weight 

reduction for i3 battery system to 222kg (currently 278kg) 



Thermal management challenges

Figure 1 BMW i3 electric car [1]

Figure 2 Cylindrical lithium battery module [2] 

Figure 3 Cylindrical battery cell [3]

Limitation:
1. Range
2. Charge time

Solution:
1. Increase cells
2. Increase charge current

Problem: 
Heating

[1] https://www.sgcarmart.com/articles/news/updated-bmw-i3-gets-new-battery-for-extra-range-21699
[2] https://accupowerus.com/service/cylindrical-lfp-module/
[3] https://battery101.co.uk/products/samsung-50e-21700-lithium-ion-battery
[4] https://www.comsol.com/model/thermal-distribution-in-a-pack-of-cylindrical-batteries-76291

Figure 4 Thermal distribution of battery [4]

https://www.sgcarmart.com/articles/news/updated-bmw-i3-gets-new-battery-for-extra-range-21699
https://accupowerus.com/service/cylindrical-lfp-module/
https://battery101.co.uk/products/samsung-50e-21700-lithium-ion-battery
https://www.comsol.com/model/thermal-distribution-in-a-pack-of-cylindrical-batteries-76291


Immersion cooling
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1. High cooling efficiency
2. Lower charge time

Dielectric Liquid

Battery cells

Cover plate

Battery case

Advantages of immersion cooling

Figure 7 Battery pack with immersion cooling [5]

[5] https://www.aftermarketnews.com/xing-mobility-debuts-immersion-cooling-battery-ces/

Increased 
Weight and 
space

Main challenge

Using partial 
immersion cooling 

to reduce the 
weight

https://www.aftermarketnews.com/xing-mobility-debuts-immersion-cooling-battery-ces/


Objectives in Albatross project

Specification Before 
ALBATROSS After ALBATROSS Improvements

Cell Energy Density 174 Wh/kg 250 Wh/kg 43% increase in energy density for better 
performance and energy storage.

Battery Weight 278 kg 222 kg 20% weight reduction improves vehicle 
efficiency and driving range.

Total Battery Capacity 42.2 kWh 55 kWh 30% increase in capacity extends driving 
range.

Charging Time (20%-80%) 40 min 30 min 25% reduction in charging time for faster 
turnarounds.

Driving Range 285-310 km Up to 480 km Up to 60% increase in driving range 
improves practicality and efficiency.

Sustainability Not emphasized Designed for dismantling and 
recyclable materials

Eco-friendly design with 15-20% 
lifecycle improvement.



Methodology
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3072 cells in 
16 modules



Thermal Management System – layout 

Component
Sou
rce

Spec

1 Battery Pack

2 Pump Confirmed

3 3-way Valve TBD

4 Heat Exchanger TBD

5 Heater
ZE
M

6
Pressure sensors
(x4)

TBD

7 Temp sensors (x5) TBD

8 Compressor OE
In 
discussion with 
Mahle

9 Condenser OE
In 
discussion with 
Mahle

10 Expansion Valve
OE
/

In 
discussion with 
Mahle

(Secondary Loop)



Partial immersion cooling concept
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Li-ion 

batteries: 

left side

Li-ion 

batteries: 

right side Cooling chamber
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    e 



Module arrangement study
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Li-ion 

batteries: 

left side

Li-ion 

batteries: 

right side

4S4P

16S

16P

Case Flow rate at 
each module 
(lpm)

Pressure 
drops in the 
pack (kPa)

Average 
Battery 
Temperature 
(℃) 

Maximum 
Battery 
Temperature 
(℃) 

16 P 5.4 0.45 43.2 98

8P-2S 10.7 2.78 36.6 68.7

4P-4S 21.5 18.48 33.1 51

2P-8S 42.9 130.4 31.4 40.4

16S 85.8 960.64 30.7 34.6



Pressure Drop calculations 
Component Pressure Drop (kPa) Method 
Battery Pack 13 CFD

Manifold 46 Calculations
Piping 75 Calculations

Heat Exchanger 36 Danfoss solution
Exp. Vessel 0 Assumed
3-way valve 30 Assumed

Sum 200 kPa
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VP V1 V2 V3

?

𝑹𝒆𝒒𝒖𝒊𝒓𝒆𝒅 𝒑𝒖𝒎𝒑 𝒉𝒆𝒂𝒅: 2 bar

Heat 
exchanger: 
0.36 bar

Reservoir 
tank: 0 bar

Battery 
modules: 
0.13 bar

Battery pack 
and manifold: 
0.46 bar

Piping and 
fittings: 1.05 bar



New Thermal Management System – layout 

Battery

Heater

EXV

Plate 
HE

Ind. 
Oil 

Cooler

Strainer

C
on
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er
Refrigerant Dielectric fluidWater glycol

Pump 1 Pump 2

Bypass Option



Conclusions

• Partial immersion cooling is capable for the thermal management of the module. 

• Average temperature of 33.1°C during fast charging using the flow rate of 85.5 lpm

• High pressure drop using the flow rate of 85.5lpm during fast charging requires 
precise cooling loop design



HELIOS Project – 

Innovative hybrid modular pack design with 

HP & HE cells to cope with different driving 

styles and use cases

Collabat Cluster Workshop, 26th Nov 2024 in Barcelona



Helios Project Overview

Methodology followed in Helios project

Corneliu Barbu (AU), Helios project at Collabat Cluster Workshop,  Barcelona, Nov 2024 page 15



Helios Project Overview

Positioning of the Project

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



Complete models for DT development



FMEA, data-driven detection and control



System-level simulation platform



EMS Control



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



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



Fleet Management Platform (FMP) IoT Platform



Digital Twin Platform (DTP)

Mock-up on laptop

Mock-up on laptop

Mock-up on laptop

Mock-up on laptop

Mock-up on laptop

We are here

Toshiba cell model

Hybrid cell model

Sim
ple EM

S

DTaaS Server

DTaaS Server

DTaaS Server

DTaaS Server

DTaaS Server

IO
T

Sim
ple EM

S

Hybrid cell model

Here we could 
maybe implement 
a simple lab setup

HELIOS modules

HELIOS pack model

DTaaS Server

HELIOS pack model



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 25
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EV Thermal Management System

Cabin comfort
- Heating & cooling
- Dehumidification
- Welcome comfort

Powertrain & Electronics cooling
- Cooling
- Heat recovery for cabin or battery 

heating

Battery Thermal Management
- Cooling/heating
- Heat recovery for cabin heating
- Pre-heating 
- Quick charging
- Power availability

Thermal Runaway
- Avoid propagation
- Passengers safety

● Battery thermal management is achieved through the Thermal Management 

System (TMS), in conjunction with cabin and powertrain cooling.

● Additionally, battery safety has become a key focus.
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November 2020

The battery ideal temperature 

Battery thermal management involves a trade-off among safety, performance, 

and durability
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Fast charging requires enhanced cooling

1H 30
min

12-15 
min

50 150 350

 move to 3 & 4C charging

 Heat rejection  = Resistance x Current² 

→ 4C charge heats 4x more than 2C  !kW

800
V

Reducing charging time has become a priority for EVs, necessitating increased 

battery cooling capacity.
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Avoid thermal propagation 

 Mechanical Abuse

        Collision and Crush

        Penetration

 Electrical Abuse

        External Short circuit

        Overcharge

        Over discharge

 Thermal abuse

         Internal Short Circuit

 Avoiding thermal propagation in the event of cell failure has become essential 

to ensure passenger safety
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Optimal Thermal Management System

► Chemistry
► Cell-to-pack or module► Charge / discharge profile

November 2020

For a given cell chemistry, charge/discharge profile, and environment, the optimal 

battery thermal management (BTM) system is a compromise among cost, weight, 

and performance.
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A new way to cool the battery

AIR LIQUID REFRI Spray cooling

Immersive cooling

Immersive coolingBiphasic cooling

SOTA battery cooling

Compared to cold plates, immersive cooling with dielectric fluid enhances overall 

heat transfer and improves the durability of the cells.
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Advantages of Spray Cooling

Immersive cooling Spray cooling

Reduction in Liquid 
Volume

Piping volume

Around ⅓ of the 
cells immersed

● Spray cooling reduces battery weight and cost by minimizing the required dielectric fluid. 

● Additionally, it effectively cools the busbars at the top of the cells, enhancing overall 

thermal performance.

Better cooling of 
busbars



Integration at Liberty battery pack

Spray cooling

Spray immersive cooling and component integration optimize the available volume 

of the battery pack without requiring additional volume or packaging

>15kw

14 cells



39

Fluid Balance and Filling Optimization

Optimizing suction openings ensures balanced 

filling across different battery compartments
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Pump

Filter

Oil cooler

Nozzles

Cells

Pump

Filter

Flow Distribution at the Nozzles

Special attention was given to the distribution and location of the nozzles, as well as the 

diameter of the pipes, to ensure balanced flow rates of less than 3 L/min. 
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At the Final Battery Pack

Fluid suction and nozzle distribution were 

verified in the final battery pack 



Thermal Management Numerical model

LIBERTY_Project Overview Page 42

A complete predictive model was developed to include 

the entire global car thermal management 

system.



LIBERTY_Project Overview Page 43

The simulations predict the cells' charging cycles 

and thermal behavior

Thermal Management Numerical model
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Test bench for battery pack testing

Page 45

CTS climate chamber pack



Test performed on the battery pack for validation of immersion cooling system:

❑ Fast Charge:

o 300kW

o 2.33C (18min)

Page 46

Test bench for battery pack testing



Fast Charge 
300kW test:

~20min for
10% → 80% 
SOC

T cells < 40°C
ΔT cells < 6°C

Toil     > 20°C

Page 47

Test bench for battery pack testing



Fast Charge 
300kW heat 
distribution

Page 48

Test bench for battery pack testing



Fast Charge
2.33C test:

18min for
10 → 80% SOC

Page 49

Test bench for battery pack testing



ACTIVE SAFETY (With spray)

17/01/2025 LIBERTY Page 50
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Lightweight Battery System for Extended Range at Improved Safety
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Manufacturing and assembly of modular and 
reusable EV battery for environment-friendly

and lightweight mobility

Switchable 400V/800V JBOX for Ultra-Fast Charging 

PRESENTER NAME: Alberto Gómez Núñez – FICOSA AUTOMOTIVE S.L.U. 

EMAIL: alberto.gomeznunez@ficosa.com

DATE: 26th November 2024
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FICOSA GROUP HIGHLIGHTS

Spain

Established in 1949

in Barcelona
Presence in 17

countries

8,152
employees

Automotive Tier 1 supplying

all major OEMs

Global partners with

Panasonic
8%

sales invested in R&D

1,3 bn €
sales 

Poland Morocco Turkey China MexicoUSATurkey
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FICOSA GLOBAL FOOTPRINT

USA

Mexico

Brazil

Spain

Portugal

France

Morocco

Germany

Italy

Poland

Romania

Turkey

India

China

Japan

Korea

Technical Center

Plant

Research

Commercial Office

License agreement

Dieuze – Le Neubourg

Rüsselsheim – Köln - Wolfenbüttel

Dabrowa Gornicza

Bursa / Gemlik

Morcone - Venaria

Taicang

Tokyo

(Joint venture) Gyeongsangbuk-do

Detroit (MI)-Cookeville-(TN)  

Shelbyville (KY)

Salinas – Victoria Escobedo

Sao Paulo

Viladecavalls – Barcelona –

Soria – Sant Guim

Porto

Rabat

Chart legend
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FICOSA CUSTOMER DIVERSIFICATION

FICOSA

SALES BY REGION
Ficosa has a diversified customer base, as a partner to all the major global OEMs

65% 21% 12%
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28,2%

16,9%

10% 9,9%

6,8%
7,9%

5,1%
4,2%

3,3%
2,8% 2,3%

1,2%

0,8% 0,6%
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FICOSA BUSINESS UNITS

ADAS

Parking Cameras, Camera Monitoring Systems 

(eMirror), Surround View Systems, Autopark 

and Object sensing Camera, In-Cabin detection

Command and Control

Gearbox actuators, Shifter-by-wire, MTX / ATX 

Gearshift and Styling parts, Electric Lumbar 

Systems and light cables. 

eMobility 

Battery Management System, Junction Boxes, 

Current Sensors and Charging Systems

Rearview Systems

Exterior Mirrors, Interior Mirrors and 

IRMS (Intelligent Rearview Monitoring System), 

Sensor Cleaning System 

V
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FICOSA EMOBILITY PRODUCTS

SAFELY CONTROL OF ENERGY MANAGEMENT AND 

CHARGING IN BEV, PHEV & FCEV 

Battery 

Management 

System

Multi-sensing 

Box /Thermal 

Runaway Sensors

Smart-Battery 

Junction Box

Cell 

Connection 

Systems

EV Charge 

Communication 

Controller

E-MOBILITY
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FICOSA EMOBILITY IN MARBEL PROJECT

SAFELY CONTROL OF ENERGY MANAGEMENT AND 

CHARGING IN BEV, PHEV & FCEV 

Battery 

Management 

System

Multi-sensing 

Box /Thermal 

Runaway Sensors

Smart-Battery 

Junction Box

Cell 

Connection 

Systems

EV Charge 

Communication 

Controller

E-MOBILITY
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FICOSA EMOBILITY IN MARBEL PROJECT

SAFELY CONTROL OF ENERGY MANAGEMENT AND 

CHARGING IN BEV, PHEV & FCEV 

Battery 

Management 

System

Multi-sensing 

Box /Thermal 

Runaway Sensors

Smart-Battery 

Junction Box

Cell 

Connection 

Systems

EV Charge 

Communication 

Controller

E-MOBILITY
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Smart-Battery 

Junction Box

FICOSA EMOBILITY IN MARBEL PROJECT

SAFELY CONTROL OF ENERGY MANAGEMENT AND 

CHARGING IN BEV, PHEV & FCEV 

Battery 

Management 

System

Multi-sensing 

Box /Thermal 

Runaway Sensors

Cell 

Connection 

Systems

EV Charge 

Communication 

Controller

E-MOBILITY
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What were We thinking about in 2020? 400 V vs 800 V technologies

Source: SBD Automotive

Source: SBD Automotive

Future is (>) 800 V, but when will it be a reality?
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Switchable architecture 400V / 800V

- Pro → Versatility for (dis-)charging

    ↓Cell-stress when charging > 150kW

    ↑Battery Lifetime & Safety

    Safety (only one 400V when necessary)

ageing when cycled

MARBEL SWITCHABLE JUNCTION BOX

400 V 400 V

CHARGER

400V / 800V

INVERTER

400V / 800V
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Switchable architecture 400V / 800V

- Pro → Versatility for (dis-)charging

    ↓Cell-stress when charging > 150kW

    ↑Battery Lifetime & Safety

    Safety (only one 400V when necessary)

ageing when cycled

MARBEL SWITCHABLE JUNCTION BOX

400 V 400 V

CHARGER

400V / 800V

INVERTER

400V / 800V
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Switchable architecture 400V / 800V

- Pro → Versatility for (dis-)charging

    ↓Cell-stress when charging > 150kW

    ↑Battery Lifetime & Safety

    Safety (only one 400V when necessary)

- Con → Future is (>)800V in EV & EVSE

     ↑Components = ↑Weight & Cost

     Contactor’s ageing when cycled

MARBEL SWITCHABLE JUNCTION BOX

400 V 400 V

CHARGER

400V / 800V

INVERTER

400V / 800V
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Aluminium busbars (instead of Copper)

- Pro → ↑Sustainability vs Copper 

     ↓Weight & Cost vs Copper

- Con → Ni-coating (↓Sustainability)

      Non recycled Al (↓Sustainability)

MARBEL SWITCHABLE JUNCTION BOX

400 V 400 V

CHARGER

400V / 800V

INVERTER

400V / 800V
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Aluminium busbars (instead of Copper)

- Pro → ↑Sustainability vs Copper 

     ↓Weight & Cost vs Copper

- Con → Ni-coating (↓Sustainability)

      Non recycled Al (↓Sustainability)

MARBEL SWITCHABLE JUNCTION BOX

400 V 400 V

CHARGER

400V / 800V

INVERTER

400V / 800V
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Aluminium busbars (instead of Copper)

- Pro → ↑Sustainability vs Copper 

     ↓Weight & Cost vs Copper

- Con → Ni-coating (↓Sustainability)

      Non recycled Al (↓Sustainability)

MARBEL SWITCHABLE JUNCTION BOX

400 V 400 V

CHARGER

400V / 800V

INVERTER

400V / 800V
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MARBEL SWITCHABLE JUNCTION BOX

400 V 400 V

CHARGER

400V / 800V

INVERTER

400V / 800V

Optimized Housing (Brackett/Cover)

- Pro → ↑Sustainability + ↓Weight & Cost. 

- Con → Non recycled Plastic* (↓Sustainability)
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MARBEL SWITCHABLE JUNCTION BOX

400 V 400 V

CHARGER

400V / 800V

INVERTER

400V / 800V

Optimized Housing (Brackett/Cover)

- Pro → ↑Sustainability + ↓Weight & Cost. 

- Con → Non recycled Plastic* (↓Sustainability)
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MARBEL SWITCHABLE JUNCTION BOX

400 V 400 V

CHARGER

400V / 800V

INVERTER

400V / 800V

Optimized Housing (Brackett/Cover)

- Pro → ↑Sustainability + ↓Weight & Cost. 

- Con → Non recycled Plastic* (↓Sustainability)
*Polypropylene (PP) & Polyamide (PA)



Manufacturing and assembly of
modular and reusable EV 

battery for environment-friendly
and lightweight mobility

THANK YOU!

A project coordinated by:

PRESENTER NAME: Alberto Gómez Núñez

  FICOSA AUTOMOTIVE S.L.U. 

EMAIL: alberto.gomeznunez@ficosa.com

DATE: 26th November 2024
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