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MOTIVATION OPPORTUNITIES

* From Feb 2027: EU regulation mandates a digital battery passport for all traction, * Supports stable circular flows by enhancing traceability, CO, accounting and
ight-mobility and industrial batteries >2 kWh, regardless of chemistry material recovery in already efficient LAB recycling

e Lead-acid batteries (LAB) must provide same traceability & life-cycle data as * Enables better second-life assessment and more accurate residual-value evaluation
ithium systems  Improves failure and damage analysis

 LAB are highly cost-optimized with thin margins & efficient production processes * Reduces warranty and service costs

 More accurate residual-value evaluation of used systems
* Longer lifetime through targeted equalization charging
» Obijective: development of a modular and cost-efficient BMS for LAB

IMPLEMENTATION

* Even small additions (traceability steps, sensors, IT/data work, conformity checks)
can cause disproportionate cost increases compared to higher-value
lithium batteries
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 Automated equalization charging and data-driven optimization of battery operation +  EMS coordinates PU power control and exchanges battery state with the BMS
* Fully Battery-PASS compliant, providing all required operational and dynamic data .

Alternatively, the BMS can send measurements and status directly to the server

DATA ECOSYSTEM ALGORITHM
 Reduce sulfation on negative plates while balancing cell voltages
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* Interoperable across suppliers, OEMs, and cloud systems 115%
* Provides transparency for EU Battery Regulation / Battery Passport Integrated 110% optimization of residual C5 behaviour by:
increasing time for equlization charge (15h)
Data Sources 105% or by increasing frequency of equalization charge
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* Merges production, logistics, operation, and end-of-life data Cycles
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* Enables full traceability and automated compliance reporting

Figure 5: Comparing of Aging test with different equalization charge setup

ECONOMICAL EFFICIENCY
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Analysis of cost-effectiveness of implementing a BMS for LAB

Break-even point
without cost saving

* Implementing costs consist of one-off development, testing & tooling costs, as well as T s
ongoing costs per unit

* Monetized benefits consist of increased sales, cost savings & strategic advantages
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—  Break-even analysis (see fig. 7) indicates that profitability is achieved within just a few

€gic . . . . .

advantages units, especially when accounting for cost savings from reduced warranty claims and
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Figure 6: Cost vs. Proceeds Figure 7: Break-even analysis

SUMMARY AND OUTLOOK

* A modular and cost-efficient BMS for LAB has been developed, providing adaptable interfaces and comprehensive state monitoring

 Real-time diagnostics and an advanced equalization-charge algorithm enhance reliability, reduce degradation, and extend service life (> 20 %)
* The AAS-based Battery-PASS data model enables complete lifecycle transparency and regulatory compliance
 Future work includes extended sensor capabilities, improved degradation modeling, optimized equalization strategies, and enhanced sustainability metrics
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