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Fuel cell trucks

[ Electrification of road-freight transports ]

An energy management system is
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Targets of the energy management

[ Energy management has multiple targets ]
Maximize hydrogen economy Mitigate fuel cell degradation Sustain battery charge
FCS Efficiency vs Power (kW) » Avoid frequent shutdowns « Avoid complete discharge
060 = | ' ' ]

« Avoid low power operation « Maximize regenerative braking
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Prediction systems

[ Predictive EMS: Use future driving information to improve performance of the vehicle ]
Long-term information Short-term information

Basic driving information derived from knowing the An on-board prediction system provides live driving

planned destination. Elevation and average speed information on the road ahead. For example:

can be estimated based on the planned route. traffic speed, road slope/curvature, and road

conditions in the next kilometre.
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Predictive energy management

[ Predictive energy management ]

« Use predictive driving information to increase the hydrogen economy
and fuel cell lifetime.

< > Long-term prediction
c n a a ° — Short-term prediction Generation of optimal battery SoC

o reference on the estimated speed and
Use the load estimations to reduce elevation of the planned route.
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Comparison with benchmark Pontryagin’s minimum principle

[ Pontryagin’s minimum principle (PMP) ] [ Model predictive control (MPC) ]
* Requires complete knowledge of the driving * Requires a load prediction system for the
cycle. receding horizon optimization.
« Benchmark for hydrogen economy: find the * Incorporates the advantages of short-term
theoretical minimum consumption. and long-term predictions to optimize the

« Cannot be implemented in real vehicles.

hydrogen economy and system lifetime.
» Can be implemented in real vehicles.
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Simulation results

[ Simulations consider a realistic representation of the truck operation ]

» Real-world driving cycles (speed and elevation).
 Variable loading (15 - 40 tonnes).
« Atotal of 1750 driving hours (141,000 km).

Colors represent elevation (m)
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Using the predictive energy management we can achieve the
efficient operation of fuel cell trucks in realistic driving scenarios.

The predictive SoC reference generation further improves the
hydrogen economy up to 2%.

MPC yields significant reduction of the transient operations
retaining high hydrogen economy.

Compared to PMP, MPC reduces transients of ~50% with a
deviation from the maximum hydrogen economy below 1%.
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Future research focus

[ Main issues in fuel cell trucks ]

» Cooling is complex because the systems -

operate at different temperature levels and Cooling system
radiators require large cooling surfaces.
- During uphill sections the power absorbed by / Qe 7 ‘{QM“ ? ‘{chs Lo
the cooling systems is significant (high losses). Battery pack =
3 (T e
* The degradation of uel cell modules is e ] i - ===
Increased Dy frequent starts and shutdowns. S S L O oo
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[ Future research ]
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Integration of thermal management -
within the predictive control framework Extornal
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of fuel cell modules
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Additional research topic

[

Advanced FC powertrain configurations ]

Use of ultracapacitors to further reduce fuel cell [ IEEE VTS Motor Vehicles Challenge 2020 ]
dynamics, increase H2 economy, reduce FC starts,

and consider battery lifetime as additional target. ﬁ International energy management

challenge won by our TU Wien team.
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