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Key innovations

Multi-level models of batteries

http://www.project-panda.eu/


The development and validation of real-time multi-scale models of batteries

Knowledge models

Behavior models

The Cloud-Computing real testing of a battery

Battery Hardware In the Loop (HIL) testing

The determination of the environmental impact of the battery system

Life cycle analysis (LCA)
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Main Objectives and Challenges



Phase 1: HW components
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[Jaguemont et al. Panda D2.1: Multi-level knowledge models of batteries]

Phase 2: Characterization process Phase 3: Modeling & Validations

Multi-scale models: Battery cell behavior 
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Knowledge models: physics-based

Li-ion pouch cell model
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EMR model level 1 EMR model level 2 Evaluations
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Block diagrams

EMR

 

BEV Renault ZOE
model

EMR model of BEV with DC machine EvaluationsMulti-level Battery models with several
approaches but same I/O!
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Behaviour models: experience-based
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Data-driven approach for 
battery modelling: 
State-of-Art

Sub-modeling structure & 
optimization 
→ Electrochemical
→ BMS
→ Cooling
→ SoC

Phase 1: Analysis Phase 2: Data acquisition, modeling & training Phase 3: Validations

Generate dynamic battery models from time-dependent 
measurement data

Various evaluations metrics and selections process to improve 
accuracy 



Battery HIL testing: cloud-based
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[Costa et al. Panda D2.2: Cloud-computing real testing of batteries]
[German et al. Flexible cloud-based HIL Testing of Batteries for various Electrified Vehicles, under submission]
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HIL co-simulation of a BEV Evaluations

HIL testing is performed with the BEV and P-HEV models

Various model-levels are explored at Lille and Brussels

High accuracy in power and thermal behaviors is achieved



Key Innovation on battery multi-level models
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Implement and validate multi-level electro-thermal battery models with several novel techniques

Investigate and develop innovative data-driven behavior models and optimization approaches

Conduct a flexible battery-motive co-simulation cloud HIL testing in real time

LCA for the impacts of alternative battery end-of-life management, 

with second life, refurbishment and recycling
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