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Power Electronics for Extending Lifetime and
Robustness of Fuel Cell Systems

HE fuel cell is an electrochemical device that converts the
T chemical energy stored in a fuel directly into electrical
energy, with only heat and water as by-products. Hence, it is
one of the cleanest technologies for producing electric power.
However, the durability of fuel cells is a main concern for the
massive deployment of fuel cell technology for transportation
and stationary power generation applications.

The fuel cell power generation system consists of a fuel cell
stack and the balance of plant consisting of auxiliary units such
as air compressor, cooling circuit, power converter, etc. The
fuel cell’s lifetime is closely related to its electrode/electrolyte
material aging and degradation during its operation. Over time
and with use, the degradation of fuel cell performance can-
not be avoided; however, with well-designed balance of plant
and control system, the rate of performance degradation can be
minimized, and the robustness of the fuel cell systems can be
improved.

Among the different causes for the degradation of fuel cell, the
electrical load cycling and the thermal cycling (which is closely
related to electrical load cycling) during fuel cell operation are
known to be the main long-term degradation factors. The high
dynamic load transient, as well as the high dc current ripple,
can significantly affect the fuel cell’s lifetime in a negative way.
In particular, low-frequency fuel cell current ripple produced
by ac side or nonlinear load (few hertz to several hundreds
of hertz) has a direct impact on the relatively slow diffusion
and charge transfer phenomena inside the fuel cell during the
electrochemical reactions, and lead to observable performance
degradation and hysteresis effect. On the other hand, high-
frequency fuel cell current ripple produced by power electronic
component switching (few kilohertz to hundreds of kilohertz)
has less impact on the instantaneous fuel cell performance due
to the presence of double layer capacitance at the fuel cell elec-
trode/electrolyte interfaces. Nevertheless, their long-term effect
on the fuel cell active material (catalyst) degradation cannot be
neglected.

The purpose of this “Special Section on Power Electronics
for Extending Lifetime and Robustness of Fuel Cell Systems”
of the IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS is
to present the recent progress and developments in power con-
verter design, system control, and advanced analysis methods to
improve the lifetime and the robustness of fuel cell power gen-
eration systems. This Special Section consists of seven accepted
papers, which can be divided into two groups.
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The first group of papers, which consists of items 1)-4) in
the Appendix, focuses on the new topologies and control im-
provements of fuel cell power converters. Multiple approaches
have been proposed to effectively reduce the low-frequency
input current ripples produced by connected load and the high-
frequency input current ripples produced by power switching
devices.

Initem 1) of the Appendix, a dc/ac boost inverter and its con-
trol scheme have been designed for fuel cell supplied single-
phase UPS. In order to effectively reduce the current ripples
produced by ac side and nonlinear load, the proposed boost in-
verter works under both differential mode and common mode.
While the differential mode ensures the dc-to-ac conversion,
the common mode helps us to reduce current ripple in dc in-
put. Moreover, an interleaved pulse width modulation (PWM)
design has been proposed to further reduce the harmonics at
switching frequency. Experimental tests have been conducted
with both linear and nonlinear loads. The results have demon-
strated very good performance and effectiveness of the pro-
posed converter topology with the controller to reduce dc current
ripple.

In item 2) of the Appendix, an impulse commutated current-
fed three-phase dc/dc boost converter providing galvanic
isolation has been proposed for fuel cell dc applications. Soft-
switching technique has been used with high variable switch-
ing frequency between 75 and 80 kHz. The authors have
shown that the induced current ripple can be efficiently re-
duced under continuous conduction mode of the proposed con-
verter. Furthermore, detailed analysis and discussions about
the components stress, losses, and efficiency have been thor-
oughly provided under different operating conditions. Experi-
mental results with a 1-kW converter prototype have also been
presented.

In item 3) of the Appendix, an improved current-fed hybrid
dual active bridge dc/dc boost converter has been designed espe-
cially for fuel cell applications. By using the proposed converter
topology and control, the input current ripple can be effectively
mitigated at maximum level due to the fixed 50% duty cycle for
input side switches at any input voltage and for any type of load,
and the presence of a notch filter in the voltage feedback path.
In addition, soft-switching technique has been employed for all
switches of the converter to further reduce the losses and im-
prove converter efficiency. A 1-kW experimental prototype has
been built to validate the proposed novel design. The measured
maximum efficiency at 1 kW is higher than 95% at a switching
frequency of 50 kHz.
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In item 4) of the Appendix, a simple but robust design of a
current-fed push—pull quasi-resonant dc/dc boost converter has
been proposed using only three power switching devices. The
authors have made a tradeoff between the topology simplicity
and the converter efficiency. The soft-switching feature at input
side can only be achieved at light load conditions. The converter
losses and efficiency at different load conditions are presented
both in simulation and in experimental results. An experimental
510-W prototype converter has been built and operated at a
switching frequency of 100 kHz. Compared to similar converter
topologies, the proposed converter can achieve similar power
performance with fewer components.

The second group of papers in this Special Section consists of
items 5)-7) in the Appendix. Instead of focusing solely on fuel
cell power converter design, these papers focus more on the fuel
cell system top-level control optimization and system reliability
improvement. Specific control strategies have been proposed
for different types of fuel cell power generation systems. The
primary control objective is to prevent the harmful operating
conditions that lead to fuel cell degradation or even failure in
severe cases.

In item 5) of the Appendix, the authors have proposed a non-
linear model-based predictive control strategy to: 1) maximize
the use of cathode catalyst area during electrochemical reac-
tions, and 2) prevent reactant gas starvation at different load
conditions for transport applications. A multiphysical fuel cell
model has been developed along with a state observer. The
model has then been simplified and discretized for the imple-
mentation of nonlinear model predictive control. The proposed
control scheme has then been tested with a case study using
NEDC driving cycle profile. It has to be noted that the driving
profile is simply adopted to validate the proposed control strat-
egy, with no consideration of real fuel cell vehicle test conditions
(type of vehicle, hybrid powertrain, etc.).

In item 6) of the Appendix, a real-world example of a diesel-
powered fuel cell auxiliary power unit (APU) with onboard
fuel reformer for truck applications has been presented. After
a detailed presentation of APU system components and struc-
ture, the authors have thoroughly considered and discussed the
main factors that impact the fuel cell system reliability dur-
ing APU operation. Based on the reliability assessment, differ-
ent control strategies have been proposed for system compo-
nents, such as fuel reformer, cooling circuit, dc/dc converter,
etc. The effectiveness and robustness of the proposed control
have been validated under real operating conditions of the fuel
cell APU.

In item 7) of Appendix, the authors have presented a hy-
brid power generation system which consists of a fuel cell and
an ultracapacitor. The presence of a secondary energy storage
component (i.e., ultracapacitor) can prevent the fuel cell to be
operated under high dynamic transient load; thus, improving
its lifetime. Although the hybrid fuel cell power system is not
new in the literature, the authors have proposed a new nonlinear
Lure-Lyapunov-based control strategy for energy management
and power converter control in the hybrid system. The robust-
ness of the proposed control has been discussed, along with
experimental validations.

The Guest Editors hope that the papers presented in this
Special Section will provide new ideas and pathways to mit-
igate the reliability and lifetime issues in the emerging and fast-
growing fuel-cell-based power generation technologies for both
transportation and stationary power generation applications.
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