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Identifiability vs. Uncertainty: A Modelling Dilemma
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Agenda:

a). Nature of electrochemical process scaling, and how it
influences energy system design?

b). How does multiscale modelling link cell-level physics with
system-level assessment?

c). How is the data-driven framework applied to calibrate and
evaluate electrochemical subsystems?

d). How are validated subsystem models integrated with real-
world load and PV profiles in data centre simulations?

e). What does resilience mean in data centre and how can HESS
support it?

f). How does scenario-based optimization shape HESS sizing and

control decisions?
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Materials
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“ MEA Fabrication and Testing Procedure

Testing Station
Setting-up
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Fabrication
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= Sensitivity Analysis and Scaling up Testing
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Voltage Decomposition and Parametric Modelling of PEM Electrolyser Cells
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(d). MATLAB/Simulink Simscape (e). Simulated polarization curve
model of the system using calibrated parameters

Integrated Methodology for Electrochemical Modelling, System Simulation, and Experimental Validation of PEM Water Electrolyser Subsystem
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System Simulation
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® Dynamical System Response and Performance Curve Fittings

(1). Dynamic Simulation Results of PEM (2). System-level performance metrics
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Electrolyser Under Variable Load Conditions
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® Experimental Setting-up and Lab Overview @ University of Birmingham

Candidate Selection Target Hybrid Energy Systems
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= Architecture Designing of Hybrid Energy System
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= Solar Energy Generation Profile and Data Centre Energy Consumption Profile

Electrochemical System
Simulation
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Battery Management

Power Analysis
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= Optimal Sizing of Hybrid Electrochemical Energy Storage Systems

EDLC Supercapacitor
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(a).Simulink-based EDLC Supercapacitor Designing; (b). Simulink-based Li-ion Battery Designing;

Hybrid Electrochemical Energy Storage Systems Designhing
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Méller & Krauter, Energies, 2022.
Arumugam C. et al., High Energy Chem., 2025, 59(2), 101-106.



" HESS System Response and Performance Analysis
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The control system has four

modes:

* Charging: PV > load & SoC <
80% — battery charges

* Discharging: Load > PV & SoC
> 20% — battery discharges

* Hydrogen Production: Battery
& Supercapacitor full — excess
PV powers electrolyser

* Transient Response:
Supercapacitor buffers fast
spikes (e.g., 5 kW in 50 ms) to
stabilize voltage and protect the

battery



System Sizing
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Power Consumption Over Time (Raw Data)
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Cumulative Energy Curves
Hybridization Index: 75.18%
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= Database Construction of Electrochemical Characterization, Parameterization & Visualization

Physiochemical

Parameterisation
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Eelectrode Parametrization
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" Database Construction of Electrochemical Characterization, Parameterization & Visualization

Augmentation
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Answer:

a). Nature of electrochemical process scaling, and how it
influences energy system design?

b). How does multiscale modelling link cell-level physics with
system-level assessment?

c). How is the data-driven framework applied to calibrate and
evaluate electrochemical subsystems?

d). How are validated subsystem models integrated with real-
world load and PV profiles in data centre simulations?

e). What does resilience mean in data centre energy systems-and
how can HESS support it?

f). How does scenario-based optimization shape HESS sizing and

control decisions?
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