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ABSTRACT: Solid oxide fuel cell (SOFC) is a clean energy
conversion technology which features in high energy density
and high efficiency. These features make SOFC a potential
candidate in mobile and portable power applications, such as
remote power, auxiliary power, individual power, and etc.
Research on system control strategies will promote the
realization and application of portable SOFC systems. In this
paper, the main components and working principle of a
portable SOFC system were introduced at first. Then, the
research on dynamic characteristics, control requirements,
control strategies and control algorithms of portable SOFC
systems were summarized and reviewed. Finally, some
suggestions were proposed for the future development of the
portable SOFC system control strategy.
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Solid oxide fuel cell (SOFC) is a clean energy
conversion technology which features in high energy
density and high efficiency. These features make SOFC a
potential candidate in mobile and portable power
applications, such as remote power, auxiliary power,
individual power, and etc. A portable SOFC system is a
typical multi-input multi-output (MIMO) system with
strong non-linearity. Thus, a reliable control system is
required to ensure the safety and high-performance
operation of the portable SOFC system. Research on
system control strategies will promote the realization and
application of portable SOFC systems. In this paper, the
research status and advances in control of portable SOFC
systems are thoroughly reviewed.

A portable SOFC system consists of a gas supply
sub-system, SOFCs, a tail gas combustion sub-system, a
heat recovery sub-system and a power regulation
sub-system, as shown in Fig. 1. The SOFC is the core of
the whole system in which the chemical energy of the
fuel is converted to electricity through electrochemical
reactions.
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Fig. 1 Schematic of a portable SOFC system

Compared to the stationary system, the portable
SOFC system will endure start-up-shut-down cycles and
dynamic load changes more frequently. The dynamic
characteristics of the SOFC on single cell level, stack
level and system level are the basis of the development
of control strategies. The research on the dynamic
characteristics of a single SOFC shows that the electrical
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dynamic response is fast with a time constant of micro
seconds while the thermal dynamic response is slow
with a time constant of hundred seconds.

The control objectives of a portable SOFC system
include the temperature control, the rapid load following,
the power distribution and the restriction of carbon
deposition, etc. Accordingly, several control strategies
are proposed to achieve the control objectives. The
thermal management strategy, power management
strategy and material management strategy are reviewed
in this paper. The thermal management strategy should
deal with the heat transfer and distribution within the
SOFC and other balance of plant (BOP) components.
Adjusting the air flow rate to change the heat convection
between the SOFC and the air is a typical strategy to
control the SOFC temperature. Both the load following
and the power distribution are power management
strategies. For a portable SOFC system, a typical load
following strategy is to determine whether the current
load is lower than the average load within a period. If the
current load is lower, then the electricity produced by the
SOFC will be used. Otherwise, the electricity stored in
the system will be used. For the power distribution
strategy, both rule-based and optimization-based power
management strategies are reviewed. The material
management strategy is a supplement to the above two
strategies, such as the control of C/O ratio of the
reformer, the current-based fuel control of the SOFC fuel
utilization, etc. The realization of the control strategies
relies on the controllers and control algorithms. The
proportion integration differentiation (PID) is suitable for
single-variable problems. Furthermore, several advanced
control algorithms such as model predictive control
(MPC), nonlinear model predictive control (NMPC) and
adaptive control are used in SOFC systems.

Current researches on neutral network and
machine learning will promote the development of the
control of portable SOFC systems. The hardware-in-
the-loop simulation will also play an important role in
the practical application and commercialization of the
portable SOFC systems.



