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ABSTRACT

Solar energy is one of the most useful sources of sustainable energy. Intermittency

negatively affects the efficiency and reliability of solar power. To mitigate such a

problem, a power electronic converter is used to enhance the solar power generation

capability, such as detecting faulty solar photovoltaic (PV) cells to be eliminated

from the solar system or tracking the maximum power point (MPPT). Other advantages

of power converters are integrating energy storage systems (ESS) with the solar

energy system and managing power flow.

Solar cell power performance is greatly affected by two critical factors, aging and

cracks. In order to mitigate their negative effects on the solar system, these cells

are to be substituted by new cells; therefore, replacing the solar panels. In this

research, an active crack detection method is proposed that can detect the cracked

cells within a solar string by using AC parameter characterization without a need

to have a physical inspection.

In this research, an analog voltage-based MPPT algorithm for individual PV

module is proposed and experimentally verified. The maximum power points of

solar cell can be joined by an approximately linear line. The slope of this line varies

depending on the type and characteristic of the panels. Utilizing this characteristic,

a bipolar junction transistor (BJT) is used to implement a variable voltage reference

as the DC load line of the BJT can be designed to match the MPP line of the PV

panel. This improves the accuracy of the maximum power point reference voltage

without the need for a digital controller or PID controller.

This research also proposes two novel compact three-port converters. The proposed

converters are used to interface a PV module, battery and load. The proposed

converters are able to achieve MPPT, battery power management and output voltage

regulation simultaneously. The first converter can be used for a stand-alone system

or in a microgrid structure. The second converter is useful when bidirectional power

flow is needed at the output port for some applications, such as grid-connected



solar system and electric vehicle where regenerative braking is used. Each converter

combines three converters to form one integrated converter by sharing some components

such as switches, inductors and capacitors. Thus, the converters have a high power

density and fewer components compared to the traditional DC-DC converters. The

integrated PV-battery system is the promised solution for both intermittency and

the unpredictable load demand.
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TPHBC Three-port Half-bridge Converter

TPHBC-PR Three-port Half-bridge Converter with Post Regulation

TPHBC-SR Three-port Half-bridge Converter Synchronous Regulation

TPHBC-PF Three-port Half-bridge Converter with Primary Freewheeling

SSPS Secondary-side Phase-shift

FB-TPC Full-bridge Three-port Converter
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Nomenclature

Pmpp Solar cell power at the maximum power point

Isc Solar cell short circuit current

Voc Solar cell open-circuit voltage

Iph Solar cell light-generated current

Df Forward-biased diode

Rsh Shunt resistance

Rs Series resistance

Cp Parallel capacitance

Isc;n Short-circuit light-generated current at the nominal condition

Ki Temperature coefficient of the short circuit current

T Temperature

Tn Temperature at nominal condition

G Irradiance

Gn Irradiance at nominal condition

Vt Diode thermal voltage

k Boltzmann’s constant

q Electron charge.

Ns Number of series cells

Id Diode current

I0 Diode reverse saturation current

n Ideality factor of the solar cell diode

Ish Shunt resistance current

Ipv Solar cell current

Z Impedance

ω Angular frequency
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Cd Diffusion capacitance

Ct Transition capacitance

b Constant depends on the solar cell

Vj Junction voltage

Va Applied voltage

A Area of the solar cell

ε0 Permittivity of free space

εr Permittivity of the solar cell material

ND Doping concentration for n region

NA Doping concentration p region

Ni Intrinsic concentration of electrons & holes for the base semiconductor

τ Minority carrier lifetime

K1 Voltage proportional constant

RB BJT base resistor

RC BJT collector resistor

RE BJT emitter resistor

IB BJT base current

IC BJT collector current

IE BJT emitter current

β BJT DC current gain

VBE BJT base-emitter voltage

VCE BJT collector-emitter voltage

RPV Equivalent resistance seen by the PV panel

RO Equivalent resistance of the PV panel

Vref Reference voltage from BJT
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Vinit Initial reference voltage to BJT

Rsens Small resistor that is used to measure the PV module output current

Vsens Sensed PV module voltage
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