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- Introduction and objectives -

• Fuel cell hybrid vehicles combining advantages of high energy density of fuel cells and
higher power density of batteries

• Energy management control strategy to efficiently manage power sharing between
sources

• Multi-objective optimization with analysis of parameter variation on different objective
functions.

• Prioritization of one or more objectives over others depending on the driving cycle

• An energy management strategy (EMS) along with a multi-objective optimization
(MOO) for a fuel cell battery hybrid with three objectives: fuel consumption, battery
energy, and drivability

• Energetic macroscopic representation (EMR) for powertrain representation and
development of EMS.

• EMS comprises of battery and power management sub-modules, control by adjusting
power split, and operating limits of dynamic rate limitation and dynamic saturation.
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« EMR and control of the 
Studied FC vehicle »



EMR’23, Lille, June 2023
6

EMR-based energy management of a fuel cell hybrid vehicle

- Structural description -

• Hybrid topology with a battery as secondary source
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- EMR the FCHEV-
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- EMR the FCHEV-
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« Multi-objective Energy 
Management Strategy »
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- Energy management-

• Optimization of fuel cell and battery operation limits
• Dynamic saturation and rate limitation



EMR’23, Lille, June 2023
11

EMR-based energy management of a fuel cell hybrid vehicle

- Energy management-

Dynamic 
saturation 
and rate 
limitation>>
Optimization 
of boundaries
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- Energy Management-
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- Energy Management-



EMR’23, Lille, June 2023
14

EMR-based energy management of a fuel cell hybrid vehicle

- Energy Management-
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- Energy Management-
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- Energy Management-



EMR’23, Lille, June 2023
17

EMR-based energy management of a fuel cell hybrid vehicle

- Energy Management-
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- Energy Management-
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- Energy Management-
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- Energy Management Stategy -
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- Energy Management-
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« Simulation results »
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- Powertrain dynamics-
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- Powertrain dynamics-
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- Battery energy, fuel consumption and power error -
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- Battery energy, fuel consumption and power error -

Battery energy improving by 97% , fuel
consumption increasing by 6.2% and error
increasing by 0.7%
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- Conclusion

• A fuel cell hybrid vehicle can combine the advantages of hybrid sources by
employing an energy management strategy to optimally split the power
between the sources

• An organized deduction of control structure involving both local and global
control is feasible through EMR

• Optimization of maximum and minimum boundaries of fuel cell and battery
operation can dynamically split the power between the sources and also
respect the system constraints

• Multi-objective optimization can be used with prioritization between
objectives

• First simulation results demonstrate the interest of the proposed EMS
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