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Input power control of grid-connected inverters under a low irradiance
condition to improve efficiency and power quality for distributed
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Abstract

From increasing the trend of the rooftop photovoltaic (PV) system and reducing the performance of grid-connected
inverters with low irradiation, this paper presents the efficiency and power quality improvements of the grid-connected PV
system by controlling the input power of inverters under low irradiance conditions. The relationship between efficiency and
power was utilized by using PVsyst simulation to control the proper inverter parallel following the power of solar cell
panels on the changing irradiance. Moreover, in this paper, the different output power of inverters on the total harmonic
distortion of currents (THDi) was also considered. The research results revealed that the output power of inverters with
the proposed method under low irradiance conditions could be increased from 63.29 W to 76.58 W. Consequently,
the efficiency of the proposed method was more than that of the conventional distributed PV system. As a result, it
could be able to boost the energies by 21%. Furthermore, the experimental results also clearly confirmed that
increasing the input power under low irradiance conditions affects the decrease of the THDi from 18% to 11.25%.
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Figure 1 The grid photovoltaic system.
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PV Modules

Ase

A Central Inverter

Figure 2 The grid photovoltaic system with a central inverter.

PV Modules

Grid

Distributed Inverters

Figure 3 The grid photovoltaic system with distributed inverters.
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Table 1 The grid code of MEA for harmonic

currents in each order.

odd limited current even limited current
orders (%) orders (%)

3-9 4.000 2-10 1.000
11-15 2.000 12-16 0.500
17-21 1.500 18-22 0.375
23-33 0.600 24-34 0.150
>35 0.300 >36 0.075

total harmonic distortion of currents (THD)) 5%
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Grid connected inverter

Figure 4 The structure of a grid connected inverter for the PV system.
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Figure 8 Operating control of inverters depending on time schedules.
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Table 3 Relationship between switching state and operation of inverters depending on time schedules.

switching function

input power of inverters

operating modes

during time in each day

S1 S2 S3 No. 1 No. 2
1 on off on PV1+2 0 6.00 AM-8.00 AM of the first day
2 on on off PV1 PV2 8.00 AM-4.25 PM
3 off on on 0 PV1+2 4.25 PM-8.00 AM of the second day
2 on on off PV1 PV2 8.00 AM-4.25 PM
1 on off on PV1+2 0 4.25 PM-8.00 AM of the third day
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Figure 9 The proposed power controller.
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Figure 12 Voltage and current measurement in each case by Fluke 435 series II.

Table 4 Characteristics of solar cell panels with JINKO (JKM335PP-72).

parameters symbols min. normal unit condition
open circuit voltage Voc - 47.2 V

max. power voltage Vpm - 38 V irradiation
short circuit current Isc - 9.18 A 1000W/m?
max. power current Ipm - 8.82 A with Temp.
maximum power Pm 250 335 W 25 OC

efficiency nm = 17.26 %
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Table 5 Characteristics of grid-connected inverters

with A300 and A600 models.

parameters A600 A300
input data (DC)

operation voltage 18-50V 18-50V
max power 600W 300W
max current 33.3A 16.6A
MPPT-voltage range 24-40V 24-40V
output data (AC)

rated grid voltage/frequency 230V/50Hz 230V/50Hz
normal voltage range 180-280V 180-280V
frequency range 47.5-52.5Hz 47.5-52.5Hz
max power 590W 295W
max current 3.27A 1.64A
power factor 0.99 0.99
efficiency 98% 98%
phase no. single single
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Figure 13 Experimental results of voltages, currents and their spectrum with high irradiation for a 600W

inverter (red), conventional inverters with 300Wx2 (yellow) and proposed inverters with
300Wx2 (blue).
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Figure 14 Experimental results of currents and their spectrum for a 600W inverter (red), conventional

inverters with 300Wx2 (yellow) and proposed inverters with 300Wx2 (blue) during 4.39

PM-4.42 PM (low irradiation).
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Figure 15 Experimental results of harmonic currents for a 600W inverter (top), conventional inverters

with 300Wx2 (mid.) and proposed inverters with 300Wx2 (bottom) during 4.25 PM-6.00 PM

(low irradiation).
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Figure 16 Experimental results of inverters with 600W (top), 300Wx2 conventional (mid.) and 300Wx2

proposed (bottom) during 4.25-6.00 PM (low irradiation).

Table 6 Comparison of experimental results in each case during 4.25 PM-6.00 PM (low irradiation).

maximum power average output

PV system in each case time t (h) energies E (Wh)
of PV (Wp) power Po (W)

central 600 65.822 1.583 104

conventional 600 63.291 1.583 100

proposed 600 76.582 1.583 121
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