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6.3 Feasible Component Sizes

Figure 10 not only illustrates that ECMS as Energy Man-
agement Strategy approximates the DP benchmark, it also
shows that compared to Range Extender mode, ECMS
provides already feasible solutions at much smaller bat-
tery sizes. As in Range Extender mode the fuel cell stack
power does not follow the transients in the power demand,
this strategy needs larger battery sizes to enable the power
required by the driving cycle. Stated differently, ECMS
enables smaller component sizes, even when minimizing
the fuel consumption is not considered. This observation
supports the statement that a fuel cell hybrid vehicle should
not be considered an electric battery vehicle with a fuel cell
system to extend its range. A proper design of a fuel cell
hybrid propulsion system needs a reconsideration of all its
components.

6.4 Sensitivity Against the C-rate of the Battery

The deviation in stored energy over time is small compared
to the capacity of the battery. As illustrated in Figure 9 for
the CSC cycle, about 1 kWh of battery capacity is needed
compared to 65 kW of battery power. Therefore, the bat-
tery has to be sized on its power handling capabilities. A
battery technology with a higher C-rate will reduce the fuel
consumption as it decreases the vehicle mass. As example,
the CSC as driving cycle is evaluated for a battery with an
assumed C-rate of 4. The resulting optimal fuel cell stack
power decreases from 41 to 34 kW and the battery size
shifts from 65 kWh (65 kW) to 38 kWh (159 kW). The
resulting fuel consumption is 4.06 kg/100 km. This 10% fuel
consumption reduction is directly related to the reduction in
empty vehicle weight from 5 190 kg to 4 884 kg. Still, less
than 3% of the battery capacity is used. Under the assump-
tion that half of the rated battery capacity can be used effec-
tively, battery capacity only becomes an issue for battery
technologies with C-rates over 30. For batteries, such C-
rates are not expected in the near future. Despite some disad-
vantages, the power handling capabilities of supercapacitors
may provide a further improvement of the fuel efficiency of
the vehicle.

CONCLUSIONS

Given the fuel cell hybridized distribution truck as case,
optimal stack and battery sizes with respect to a minimum
fuel consumption are examined for three driving cycles. For
all three cycles, the optimal stack size is three times the
average power demand. This demonstrates that sizing the
fuel cell stack the average or maximum power demand, as
observed for many existing fuel cell stack vehicles, is not
necessarily optimal with respect to a minimum fuel con-
sumption. For the considered hardware, a stack size of

68 kW for the NEDC Low Power, 41 kW for the CSC and
47 kW for the JEOS driving cycle represent a minimum fuel
consumption. Despite these differences in stack size, fuel
consumption ranges only between 4.39 and 4.73 kg/100 km.

The battery size is dominated by its power handling prop-
erties and is rated by the power difference between the peak
power in the power demand and the rated fuel cell stack
power. As only a small part of the energy storage capacity
of the battery is used, its capacity will not be an issue in
sizing. Therefore, batteries with a higher maximum C-rate
directly reduce vehicle weight and consequently reduce the
fuel consumption.

With respect to sizing, compared to a Range Extender
Energy Management Strategy, an optimizing Energy Man-
agement Strategy as ECMS enables smaller battery sizes, as
it better utilizes the combined power available from fuel cell
stack and battery. This enables a lower propulsion system
weight and consequently a lower fuel consumption and/or
improved payload capabilities. The study also demonstrates
a fuel cell hybrid should not be considered an EV with a fuel
cell system as Range Extender. In the design of the propul-
sion system, all its components should be reconsidered as
part of one optimization.
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