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In recent decades, generation of electricity from solar arrays has been increased to meet the 
world's growing energy demand. However, the utilization rate of the power conditioner in the 
grid-tied solar power system is low because the operation of solar panels is dependent on 
sunlight. Thus, we studied the method that the small scale wind power generating system in size 
from a few hundred watts to two or three kilowatts can be connected to the grid-tied power 
conditioner of the solar power system for residential applications with low power ratings (single 
phase, size is limited to 10kW) by emulating characteristic of the solar panel. In this paper, we 
introduce the application of the grid-tied PV cell emulating system in the stand-alone mode to 
improve the utilization rate of the power conditioner. The simulation and experimental test 
results verify that the PV cell emulating system can operate the power conditioner of the grid-
tied solar power system. 
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1. Introduction 

At the present, the grid-tied solar power system is the most promising as a future energy 

technology and the total global installed capacity of the solar power can grow to over       

600 GW by 2020 [1], but solar power generation is dependent on sunlight to effectively 

collect solar energy. So, it makes lower the utilization rate of the power conditioner system 

(PCS) in the grid-tied photovoltaic (PV) system as can be seen in Figure 1.  

 

Figure 1. Utilization ratio of the power conditioner in the grid-tied PV system 

We can supplement the small scale wind power system to the existing solar power 

generation system to improve the utilization rate of the PCS because the small scale wind 

turbine utilizes possibly the PCS at night and also can use the remaining capacity of the 

PCS during the daytime. The grid-connected hybrid power system with the wind generator 

and the PV array can provide the continuous maximum power from the wind and solar 

energy sources by studying the maximum power point (MPP) control technique. The MPP 
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control methods [2, 3, 4, 5] for solar power generation mainly include the conventional 

methods such as the perturbation and observation method (P&O), the fixed duty cycle 

method, constant voltage (CV), the incremental conductance (IC), and the novel intelligent 

methods such as optimum gradient method, fuzzy logic control (FLC), neural networks 

(NN). Previous research papers [2, 4] have analyzed the traditional maximum wind power 

control types such as namely tip speed ratio (TSR) control, power signal feedback (PSF) 

control and hill-climb searching (HCS) control as well as the novel method such as neural 

networks (NN). In general, the conventional MPP control methods of solar power and wind 

power are successfully demonstrated in actual systems with easier application and better  

price, but lower accuracy in comparison with the novel intelligent control methods. 

On the other hand, the PCS of the PV system cannot control optimally the small wind 

turbine in the grid-tied solar-wind hybrid power systems since the output characteristics of 

the small wind turbine and the PV array are not the same. Therefore, we proposed the 

primary design solution [6] that the small scale wind turbine could be connected to the grid-

tied power conditioner of the solar power system by emulating characteristic of the solar 

panel but the research results were not confirmed by the actual test. In this study, the 

modeling method and experimental study of the grid-tied PV cell emulating system in the 

stand-alone mode are analyzed in detail. 

2. Grid-tied PV cell emulating system in the stand-alone mode  

2.1. System configuration 

Figure 2 displays the grid-tied solar power system [7] with the PCS, including the 

DC/DC converter and the grid-tied DC/AC inverter. The maximum power point tracking 

(MPPT) is performed by the boost-type DC/DC converter while the power at the output 

terminals of the solar array is supplied into the utility grid by the grid-tied DC/AC inverter.  

 

Figure 2. Grid-tied solar power system 
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Figure 3. PV cell emulating system in the stand-alone mode 

The topology of the PV cell emulating system as illustrated in Figure 3 comprises  the 

small scale wind turbine, a battery, and the power converter circuit. The small scale wind 

turbine charges the battery in the first stage. After that, the power converter circuit detects 

the current flowing into the PCS and operates it with the help of the control system.  

When the solar array cannot receive sunlight, only the small scale wind turbine operates 

the PCS and this operation mode as shown in Figure 3 is called in the stand-alone mode. In 

this mode, the solar array is bypassed in order to avoid the situation that it becomes the 

load.  

2.2. Model equation of Stand-alone mode 

In the stand-alone mode, the PV cell emulating system can connect to the DC/DC 

converter to perform the MPPT control because the power converter circuit emulates the 

technical characteristic of the actual solar panel as displayed in Figure 4. The technical 

characteristic of the solar panel is modeled by two linear equations [6] in Figure 5. The 

maximum power point current Imax is determined by dividing generated power from the 

small scale wind turbine by the maximum power point voltage Vmax while the maximum 

power point voltage Vmax is calculated considering the operating voltage of the PCS. The 

open voltage and the short current are computed by multiplying correlative constant factors 

by the maximum power point voltage and the maximum power point current respectively. 

 

Figure 4. Technical characteristic of an actual PV cell 

 

Figure 5. Model equation of solar panel technical characteristic 

The technical characteristic of the solar panel is determined by two linear model 

equations (1) and (2) as follows:  
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with Vmax and Imax are the maximum power point voltage and the maximum power point 

current respectively; Vopen is the open voltage; Ishort is the short current; Vref calculated by 

the linear model equations is the reference voltage to PI controller; io is the output current 

of the PV cell emulating system. 

The author uses an example of linear model equations in Figure 6 with the parameters as 

listed in table 1. 

Table 1. Parameter for example of linear model equations 

Parameter Value 

Maximum power point voltage Vmax 85 V 

Maximum power point current Imax 4 A 

Open voltage Vopen 102 V 

Short current Ishort 4.4 A 

2.3. Power converter circuit in the stand-alone mode 

The small scale wind turbine charges the battery at the first stage and then the small 

wind turbine is disconnected from the battery when the battery is fully charged. Thus, the 

grid-tied PCS is operated by the power converter circuit and the battery. 

The topology of power converter circuit in the stand-alone mode is presented in Figure 

6. In this mode, a bi-directional chopper circuit in boost mode is used as the power 

converter circuit in order to increase the battery voltage up to the operating voltage of the 

grid-tied PCS. First of all, the output current io flowing into the grid-tied PCS is detected by 

the current sensor. Secondly, the used model equation is determined to calculate the voltage 

reference v* by comparing the output current value with the current value of the 

intersection of the model equations with the help of the comparator. A PI controller is used 

to reduce the error between the output voltage vo and the reference voltage v* by varying 

the duty factor. Finally, the switches of the bi-directional chopper circuit are regulated by 

the output gate signal. The output filter with the inductor L2 and the capacitor C2 

suppresses the ripple at the output terminal while the inrush current flowing into the 

capacitor C2 and the internal capacitor of the grid-tied PCS is impeded by the resistor R. 
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Figure 6. Power converter circuit in the stand-alone mode 

3. Modeling in PSIM program 

3.1. MPPT control for DC/DC converter 

 The diagram of the MPPT control system of the PV cell emulating system with a  

DC/DC converter in boost mode is presented in Figure 7. The MPPT algorithm with the 

Perturb and Observe (P&O) method [8], [9] is used to measure the output current i0, the 

output voltage v0 of the PV cell emulating system and generate the reference voltage V’ref 

which is similar to the output voltage at the maximum power point. The proportional-

integral (PI) controller compares the output voltage v0 with the constant reference             

voltage V’ref and minimizes the voltage error between the reference voltage V’ref and the 

output voltage v0. The switches of the DC/DC converter in boost mode are controlled by 

the output gate signal from the PWM modulator.  

 

Figure 7. Diagram of the MPPT control system  

3.2. Grid-tied control for DC/AC inverter 

The DC/AC inverter in Figure 8 supplies the active power from the PV cell emulating 

system into the utility grid with the support of the grid-tied control system. The output 

current Iout of the DC/AC inverter must be synchronized with the grid voltage vgrid and so 

the switches of the grid-tied DC/AC inverter can be controlled to inject the active power 

into the utility grid. The grid-tied control system is composed of the Phase Locked Loop 
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(PLL) method [10], [11] to generate a synchronizing signal which is in phase synchronized 

with the grid voltage and the hysteresis band method [12] by which the instantaneous 

output current Iout of the DC/AC inverter can follow the reference current as shown in 

Figure 9.  

 

Figure 8. Diagram of the grid-tied control system 

Firstly, the grid voltage Vgrid comes through the PLL system as the input signal.  The 

output of the PLL system is a sinusoid with unity amplitude and in phase with the 

fundamental component of the grid voltage Vgrid. This sinusoid is then multiplied by               

 x Pmpp/Vgrid(rms) to create the reference current as can be seen in Figure 9, where Pmpp is 

the maximum power of the PV cell emulating system and Vgrid(rms) is root mean square grid 

voltage. The hysteresis band method forms a narrow band around the instantaneous 

reference current. The switches of the DC/AC inverter are adjusted [12] by comparison of 

the values of the upper limit and the lower limit of this narrow band with the output              

current Iout of the DC/AC inverter. A large switching frequency and small current harmonic 

distortion can be created by a very narrow band [12]. Finally, the gating pulses of the 

switches are produced by the flip-flop.  

 

Figure 9. Hysteresis band control block diagram 

3.3. Simulation result 

 

Figure 10. Circuit of grid-tied PV cell emulating system in the stand-alone mode 
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Figure 10 shows the circuit of the grid-tied PV cell emulating system in the stand-alone 

mode. A DC/AC power inverter is required to convert the DC voltage from the PV cell 

emulating system into AC voltage. The single phase grid voltage is of 110Vrms (root mean 

square) and the output voltage of the PV cell emulating system is around 85 V. The DC 

voltage is increased to around 200VDC by the DC/DC bi-direction converter in boost mode 

before inverting the DC voltage to AC voltage of 155Vp (peak voltage) which is equivalent 

to 110Vrms. The PV cell emulating system is connected to the utility grid by a DC/AC full-

bridge inverter with an L-type filter. 

Table 2. Parameter of the system 

Parameter Value 

Voltage of battery 52 V 

Inductor L1, L2 10 mH, 2 mH 

Capacitor C1, C2 13.2 µF, 15 µF 

Capacitor C3, C4 400 µF, 300 µF 

Inductor L, L3 1 mH, 2 mH 

Peak grid voltage 155 V 

Grid frequency 50 Hz 

 

Figure 11. Simulation result of output voltage and output current of PV cell emulating 

system in the stand-alone mode 

 Figure 11 presents the simulation result of the output voltage Vo and the output current Io 

of the PV cell emulating system. The internal capacitor of the grid-tied power conditioner is 

charged in about initial 0.2 seconds and then grid-tied power conditioner performs the 

MPPT control to obtain the maximum power. The simulation results match with maximum 

power point characteristics (MPP voltage of 85V, MPP current of 4A) of the linear model 

equations (1) and (2). The output power of the PV cell emulating system is illustrated in 

Figure 12 and the output power can reach the maximum power in the steady-state 

condition. 
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Figure 12. Output power of the PV cell emulating system in the stand-alone mode 

 Figure 13 shows the AC grid integration result of the PV cell emulating system in the 

stand-alone mode. The output current Iout of the DC/AC inverter is sinusoidal and in phase 

with the grid voltage Vgrid. Hence, the PV cell emulating system can connect and inject the 

active power into the utility grid with the support of the grid-tied control method. The total 

harmonic distortion (THD) of the output current Iout of the DC/AC inverter is presented in 

Figure 14 and the THD value of the output current is small because of depending on the 

width of a very narrow band in the hysteresis band method.  

 

Figure 13. AC grid integration result of the PV cell emulating system 



J. Electrical Systems 13-4 (2017): 387-397 
 

  

395

 

Figure 14. THD of the output current of the DC/AC inverter  

4. Experimental test 

 

Figure 15. Overall of experiment system 

The experimental system of the grid-tied PV cell emulating system in the stand-alone 

mode is displayed in Figure 15. The DC source system, including a DC power supply 

device and a power amplifier device, is used to supply DC voltage of about 52 V. In this 

study, a boost type bi-directional chopper circuit is made as the power converter circuit and 

this bi-directional chopper circuit increases the DC source voltage up to operating voltage 

range from 80V to 320V of the grid-tied power conditioner SUNVISTA JH-S402. The 

grid-tied PCS performs the MPPT control and supplies the electrical energy at the output 

terminals of the DC source system into the utility grid. The Graphtec GL900 8 channel 

Data Acquisition Data logger is used to measure the output voltage and the output current 

values of this system. 
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Figure 16. Experimental results of the output voltage and the output current of the PV cell 

emulating system in the stand-alone mode  

Figure 16 shows the experimental results of output voltage v0 and output current i0 of the 

grid-tied PV cell emulating system in the stand-alone mode. These results verify that the 

PV cell emulating system in the stand-alone mode can operate the grid-tied PCS of the 

solar power by actual test. Firstly, the grid-tied power conditioner charges the internal 

capacitor in about initial 37 seconds, then it performs the MPPT control to achieve 

maximum power. The output voltage and output current values of the PV cell emulating 

system are operated near the maximum power point (MPP voltage of 85V, MPP current of 

4A) in the linear model equations (1) and (2) with the parameters in Table 1.   

 

5. Conclusion 

In this paper, the control method of the grid-tied PV cell emulating system in the stand-

alone mode is verified by the simulation and experimental test results. The PV cell 

emulating system can operate the grid-tied power conditioner of the solar array by 

emulating characteristic of the solar panel. The internal capacitor of the grid-tied power 

conditioner is charged in about the first short time period and then the grid-tied power 

conditioner performs the MPPT control to obtain the maximum power. The simulation and 
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experimental test results suits with maximum power point characteristics (MPP voltage of 

85V, MPP current of 4A) of the proposed linear model equations (1) and (2). Thus, the 

utilization rate of the power conditioner of grid-tied solar power system increases in the 

case where the solar array cannot receive the sunlight, especially the night time. 
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