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Abstract

The proton exchange membrane fuel cell (PEMFC) is a promising technology that can be
manufactured in South Africa because of the platinum catalyst required. South Africa is rich in
platinum and, therefore, the PEMFC system can be cost-effectively produced. In residential
stationary applications of the PEMFC a power conditioning system is required to convert the
dc voltage output of the PEMFC to ac voltage. Therefore, the focus of this thesis is to analyse,

simulate and design a power electronic dc-ac converter.

The power electronic dc-ac converter is based on a transformerless single stage power
conversion scheme, which has better weight, volume and efficiency than the commonly used
two stage power conversion schemes. The selected topology is the boost inverter that consists
of two identical boost converters for boosting and inversion of the PEMFC dc voltage.
Moreover, it achieves reliable operation under nonlinear loads, sudden load changes and
inrush current, using a double loop control strategy. Initially, the double loop control strategy
was introduced with proportional integral (PI) controllers. Recently, with the widespread use
of proportional resonant PR controllers, the PI controllers were replaced with PR controllers
to achieve zero steady state error for the ac components of the reference. However, during the
implementation of the PR controllers on the boost inverter, a significant dc offset in the output
voltage of the boost inverter was observed, which was due to the mismatch of the boost
converters’ parameters. The dc voltage affects pulsating torque AC machines, accuracy in
domestic watt-meter and safety of residual current protection. Furthermore, the output
voltages of the boost converters showed a clipping effect, which was caused by the deadtime

of the switching devices used in the boost converters.

An integral term was added to the PR controller to form the controller here called the
proportional integral resonant (PIR) controller. This controller achieved satisfactory results
of dc and ac voltage reference following capability and maintains the same advantages of the
PI controllers. However, the efficiency was not high due to the high resistance of the inductor

used in the boost inverter system.
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From the figure above, the transformerless inverters have higher efficiency and smaller
weight and size than the inverters that use high frequency (HF) transformers and low
frequency (LF) transformers. Thus, there is a growing interest for transfomerless topologies.

In this thesis, the aim is to design a transformerless single stage power electronic inverter for
a residential standalone FC system. The design of the inverter must consider its impact on the

fuel cell (FC) and must provide power to typical standalone residential loads.

1.3  Objectives of Thesis

The objectives of this thesis are to:

e conduct literature review of the interaction between FCs and power electronic
inverters;

e conduct literature review of transformerless single stage inverters and select an
inverter to be designed;

e perform an analysis of the open loop response and closed loop strategy of the selected
inverter;

e design, simulate and implement on hardware the selected inverter to verify analysis;
and,

o identify typical residential standalone loads and demonstrate the handling capability
of inverter for these loads.

1.4 Plan of development

Chapter 2 presents the literature review where the grid, standalone and fuel cell
requirements are reviewed. The dc-ac converter that meets these requirements is selected

and the aspects that are investigated for it are stated.

Chapter 3 presents a review of the existing techniques for steady-state modelling, dynamic
modelling and control of single phase inverters. These techniques will be used to describe the

boost inverter.



Chapter 4 covers the theoretical performance analysis of the boost inverter. The open loop
and closed loop response are described. Furthermore, the deadtime effects on the open loop

and closed loop response are presented.

Chapter 5 presents the design of the experimental setup of the boost inverter system. The
experimental setup consists of a dc power supply, passive components, switching devices,

transducers and DSP for implementation of the control system.

In chapter 6 the circuit model of the boost inverter is modelled in MATLAB Simulink such that
it resembles the experimental setup as closely as possible. The simulations illustrate the open
loop response, closed loop response and various disturbance rejection performance of the

boost inverter system.

Chapter 7 presents the experimental results and discussions. The experimental results
demonstrate the open loop response, closed loop response, various disturbance rejection

performance, THD and efficiency of the boost inverter system.

In chapter 8 the conclusions are drawn from the results. Thereafter, recommendations are

provided in chapter 9.



2. Literature Review

2.1 Fuel Cells

Fuel Cells (FCs) are devices that utilize an electrochemical process to convert chemical energy
of a fuel into electrical energy. The fuel cell principle was discovered in 1839 by William R.
Grove, a British physicist. In comparison to a battery, the battery reactants are stored
internally and the battery has to be recharged or replaced when reactants are used up;
whereas the reactants of the FC are stored externally and refilling fuel tanks requires less time
than recharging batteries. When hydrogen, which is generated from a renewable resource, is
used as fuel, the FC is considered a renewable energy technology because the reaction results

in water and heat [2].

There are many types of fuels cells: alkaline fuel cell (AFC); proton exchange membrane fuel
cell (PEMFC); phosphoric acid fuel cell (PAFC); solid oxide fuel cell (SOFC); direct methanol
fuel cell (DMFC); and molten carbonate fuel cell (MCFC). The difference among these fuel cells
is the type of electrolyte they use, which also dictates their operating temperature ranges, and
the type of fuel. PEMFCs are most attractive in the South African context because of the
platinum catalyst that is used. They are also a promising technology for many applications
such as transportation, stationary power and backup generation. Furthermore, PEMFCs have
high power density, a quick start, and the efficiency for electrical power only is in the 40-50%

range [2].

The PEMFC consists of the LT-PEMFC (low temperature-proton exchange membrane) and HT-
PEMFC (high temperature-proton exchange membrane). The LT-PEMFC (low temperature-
proton exchange membrane) operates between 60 - 80 °C and is the most developed fuel cell
and is already commercialized for backup generation [2]. The HT-PEMFC'’s temperature range
is from 100 - 200 °C and is most suitable for residential fuel cell-based micro-CHP (Combined
Heat and Power) because it offers many advantages over the LT-PEMFC: enhanced electrode
electrochemical kinetics; higher efficiency; simplified water management and cooling system;
waste heat can be recovered as a practical energy source [3], [4]. The HT-PEMFC is an
attractive option for residential urban areas where the additional increase in capital cost can

be tolerated [5].
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