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a b s t r a c t

This study proposes that a novel integrated circuit (IC) and system design for renewable energy inverters
can harvest renewable energy to power direct current (DC) and alternating current (AC) loads. In addi-
tion, an intelligent synthesis and management tool is developed to design the proposed system and to
judge the system’s operational maintenance decisions. Finally, a renewable energy inverter’s information
is posted to an online system. Users can obtain the proposed system’s information at any time and place.
The accurate and superior performance of the proposed IC and system is confirmed by computer simu-
lations and experimental results.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The most common renewable energy sources are solar and
wind power [1–11]. The output power of solar panels and wind
turbines is affected by environmental factors, including irradiance,
temperature, and wind speed, and are unstable for practical appli-
cation. A power converter is used to track the maximum power
point of the renewable energy source based on various maximum
power point tracking (MPPT) methods, such as perturb and observe
(P&O) [2], incremental conductance [3], fractional open-circuit
voltage [4], fuzzy control [5], and neural networks [5]. These MPPT
controllers are similarly applied to wind energy products [6,7].
Power converters can be used to charge batteries and provide
power to DC loads [8,9].

In previous studies on renewable energy inverters, [10,11] used
two types of renewable energy inverters: (1) grid-connected
inverters, and (2) stand-alone inverters. Grid-connected inverters
are used to output a sine wave current to the utility grid. This type
of inverter combines a large amount of series and parallel renew-
able sources, transferring energy to the utility grid. In contrast,
stand-alone inverters are used to output a sine wave voltage to
the alternating current (AC) load. This type of inverter is suitable
for areas that are far from the utility grid, such as islands or
highlands.

For renewable energy inverter designs, efficiency and stability
are the most critical concerns. Therefore, numerous controller

integrated circuits (IC) have been used for renewable energy con-
verters and inverters [12–18]. Digital controller ICs can be used
for small semiconductors and low supply voltage designs [12].
Additional advantages associated with digital designs include pro-
grammability, lower sensitivity to various processes, and parame-
ter variation [13,14]. However, the limited resolutions and
performances of digital design are substantial drawbacks. For ana-
log controllers, ICs with pulse-width modulation (PWM) [15,16],
pulse-frequency modulation (PFM) [17], and dithering skip modu-
lation [18] have been proposed in recent years. In analog designs,
the most critical concerns are high-speed response and efficiency.
When a converter operates in discontinuous conduction mode
(DCM) for easy stabilization, its power losses result in reduced effi-
ciency. In contrast, the continuous conduction mode (CCM) opera-
tion can acquire enhanced efficiency, although the stability is more
difficult than in the DCM operation.

In this study, a novel IC and system is synthesized for renewable
energy inverters. The switching frequency can be adaptively con-
trolled by using various operation modes, such as CCM and DCM,
to improve the proposed system’s efficiency and stability. In this
design, an 8-bit microcontroller chip is used to sense and trans-
form the voltages and currents of a solar panel, wind turbine,
and battery into digital output values. These output values are cal-
culated in the microcontroller chip to construct a control algo-
rithm. Thereafter, the proposed controller IC follows the
microcontroller’s output command to control the solar panel or
wind turbine at the maximum power point (MPP) and offers power
to the battery and DC load. Thereafter, the controller IC is used to
control the full-bridge configuration to output the sine wave volt-
age and current to the AC load, as shown in Fig. 1. The proposed IC
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and system can be used for wind–solar complementary inverters.
As shown in Fig. 1, the top inverter is operated in standalone mode
that controls the system to support the sine wave voltage, which is
the voltage-controlled mode. The bottom inverter is operated in
the grid-connected mode that controls the system to output the
sine wave current, which is the current-controlled mode. The oper-
ating information of the solar panel, wind turbine, battery, and
renewable energy inverter is transferred to a notebook computer
so that the proposed synthesis and management tool can judge
the system operation situation and make a maintenance decision.

2. System design

In this study, the wind turbine and utility power are integrated
into the proposed renewable energy inverter to build the comple-
mentary energy-harvesting system design for solar, wind, and util-
ity power. The proposed architecture of the renewable energy
inverter is shown in Fig. 2(a). The operation of the proposed renew-
able energy inverter is shown in Fig. 2(b)–(d). In these figures, the
PWM signal is generated from the proposed controller IC to control
the solar panel or wind turbine during the MPP mode and to charge
the battery by using the buck-boost operation mode. Thereafter,
operating in boost mode, the battery voltage is boosted into the
DC bus. Finally, the renewable energy inverter outputs the sine
wave voltage and current to the AC load by operating in the full-
bridge buck operation mode [9].

The efficiency equations of the proposed buck-boost operation
can be derived as
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where D and D0 are the turn-on and turn-off durations of power
devices, respectively; VD is the turn-on voltage of the power diode;
Vi and Vo are the input and output voltages, respectively; R is the
load resistance; RL and RC are the equivalent series resistances of
L and C, respectively; and Ron and RD are the turn-on resistances
of the power MOSFET and diode, respectively. The efficiency equa-
tions of the proposed boost and buck operations can be derived,
respectively, as
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The transfer functions of the proposed buck-boost operation
can be derived as
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where Gvg(s) and Gvd(s) are the line-to-output and control-to-output
transfer functions, respectively. The transfer functions of the pro-
posed boost operation can be written as

Fig. 1. Proposed IC and system for wind–solar complementary inverters.
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