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Abstract – There are several types of photovoltaic 

system configurations, one of which is the on-grid PV 

system. This system is simple compared to other systems. 

Because there are two different energy sources that can 

supply the load either together or separately, an analysis 

of how the irradiation affects the electrical parameters 

on the load side or the grid itself is required. The goal of 

this research is to examine the performance of on-grid 

PV under various irradiation variation, type, and load 

power to power factor, grid frequency, and load 

conditions. To measure the performance of on-grid PV, 

parameter calculations are carried out in the form of PV 

efficiency, final yield, reference yield, and performance 

ratio, and the results of measurements of power factor, 

grid frequency, and load are observed due to variations 

in irradiation, type, and load power. The results show 

that the performance of on-grid PV is good; low 

irradiation can result in a decrease in the grid power 

factor, while the grid and load frequencies are in normal 

conditions for various variations of irradiation, type, and 

load power. 

 

Keywords: Performance Of On-Grid Pv, Performance 

Ratio, Power Factor, Frequency. 
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I. INTRODUCTION 

 Photovoltaic (PV) is a device made of 
semiconductor material that can convert sunlight 
directly into electricity. The change occurred by 
utilizing the photovoltaic effect [1]–[3]. PV module 
efficiency is influenced by several factors, namely 
irradiation, solar/ambient module temperature, number 
of cells and PV module cell relationships [4], [5].  

There are various kinds of PV configurations to 
distribute electrical energy, namely off-grid PV, on-
grid PV and Hybrid PV. According to IEEE standard 
929-2000 PV systems are divided into three categories, 
namely small-scale PV systems (<10 kW or less), 

medium-scale (10 kW - 500 kW) and large-scale (> 
500 kW). Each of these configurations has different 
performance characteristics. PV On-grid is a PV 
configuration, in which the PV is connected directly to 
the network/grid on an inverter [3], [4], [6]. PV On-grid 
solution is an environmentally friendly energy solution 
for urban residents that can be used for housing or 
offices. The existence of this On-grid PV system can 
reduce electricity bills or can provide added value for 
the owner [3].  

Several studies have been conducted regarding the 
performance of On-grid PV were [3] who analyzed the 
reliability of the grid tied inverter (GTI) system on On-
grid solar PV 9X 80 WP. Then [6] which discusses the 
design and analysis of a 10 MW On-grid solar power 
plant in Yogyakarta. Next is [7] which discusses the 
performance of solar power plants (PLTS) with the On 
Grid System at BPR BKK Mandiraja Wanayasa 
Branch, Banjarnegara Regency. Other research in [4] 
analysis of the performance of the on-grid photovoltaic 
system at the Gili Trawangan solar power plant 
(PLTS). Research by [8] conducted performance 
evaluation of 100 MW On-grid PV in India. These 
studies discuss the performance of On-grid PV which 
includes PV and system efficiency, energy production, 
solar energy and the overall effect of system losses, 
final yield (Yf), reference yield (YR) and performance 
ratio. 

The studies mentioned previously have not 
discussed how the performance of on-grid PV is related 
to irradiation on power factor, grid frequency, and load. 
So, the goal of this study is to examine the performance 
of on-grid PV at various irradiation, type, and load 
power to power factor, grid frequency, and load.  

https://ejournal.unkhair.ac.id/index.php/protk/index
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II. METHOD AND DESIGN 

A. On-grid PV Performance Analysis 

The performance parameters carried out in 
analyzing the performance of On-grid PV in this paper 
include: 

• PV efficiency is the fraction of sunlight that can be 
converted into electricity [9]. Based on [10] there 
are 2 types of PV efficiency, namely PV conversion 
efficiency/module conversion efficiency and 
normalized power output efficiency. The two 
parameters are given by 

 𝜂𝑝 =
𝑃𝑎𝑐𝑡

𝐺×𝐴
× 100% (1) 

 𝜂𝑛 =
𝑃𝑎𝑐𝑡

𝑃𝑆𝑇𝐶
× 100% (2) 

• Final yield (Yf) is the energy exported to the 
network (E) divided by the power to the network 
(Po) from the number of PVs installed. This 
parameter represents the number of hours that the 
PV needs to operate at its nominal power to provide 
the same energy and is given by [5], [6], [8] 

 𝑌𝐹 =
𝐸

𝑃𝑜𝑢𝑡
 (3) 

• Referensi yield (YR) is the amount of irradiation in 
the PV field divided by the reference PV irradiation 
(G). This parameter represents the number of hours 
equivalent to global irradiation. YR describes the 

solar radiation resource for a PV system calculated 
by [5], [8]. 

 𝑌𝑅 =
𝐻

𝐺
 (4) 

• The performance ratio is the final result divided by 
the reference result. Performance ratio can be 
defined as the ratio of plant output compared to 
plant output which can be achieved taking into 
account irradiation, panel temperature, grid 
availability, PV area, nominal power output, 
temperature correction values 

 𝑃𝑅 =
𝑌𝐹

𝑌𝑅
 (5) 

 
In addition to the parameters above, other things 

used to see the performance of On-grid PV in this paper 
are the effect of irradiation on the grid power factor, the 
effect of the type of load used on the grid power factor, 
and load or frequency. Thus, the scenarios carried out 
in this test are varying the type of load and load power. 
The types of loads used are incandescent lamps and 
LED lamps with different powers, namely 40 W 
(incandescent lamps), 30 W (LED lamps), and 100 W 
(LED lamps). 

B. Setup Testing and component specifications 

The circuit of tests carried out in the data collection 
process are presented in Figure 1. Testing the 
performance of the On-grid PV, the PV capacity used 
is 1 kWp and the inverter capacity is 2 kW. In detail the 

~

~
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on-grid

(2000 W)

Grid

Power
meter

Digital kWh 
meter

Incandescent 
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Box

 

Figure 1. On-grid PV test circuit 

Table 1. Components and specifications for testing 

No. Component Specifications 

1. Photovoltaic Module Monokristal dan polikristal 

Model: Staryu-100Wp, Pmax: 100Wp, Vmp: 17.6v, Imp: 5.71A, Voc:21V, Isc: 6.4A 

2. Combainer Box Fuse: 1000Vdc, 32A, MCB 2P: 400Vdc, 10A, DS: 1500Vdc, 60A 
SPD DC: Un 1000Vdc, Uc 1200 Vdc, In 20KA, Imax 40KA, Up<3.2 Vdc  

3. Inverter on-grid Model: MIC 2000TL-X 

Vmax PV: 500 Vdc, PV Voltage range: 50 – 500 Vdc, PV Isc: 13 Adc, Imax: 13 Adc, Max 

Output power: 2000W, Vnom: 230 Vac, Iout max: 9.5 Aac, fnom output: 50/60Hz, class I, 
IP65 

4. Digital kWh meter 1P DDS238-2 SW, standar IEC: 62035-21, Vnom: 230 Vac, Fnom: 50Hz, Imax/Imin: 

65A/0.04A, class 1, display: LCD 5+1 digit 

5. Power Meter V: 80-260 Vac, I: 0-100 Aac, foperation 45-65 Hz, class 1 
6. Solar Power Meter Spectral response: 400-1100 nm, measuring unit: W/m2, BTU/(ft2h), range mesurment: 0.1 

W/m2 < 1000 W/m2, 1 W/m2 ≥ 1000 W/m2, accuracy: ± 10 W/m2, ±3 BTU/(ft2h) 
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components and specifications used can be seen in 
Table 1. 

III. RESULT AND DISCUSSION 

 PV power is generally very dependent on 2 
parameters, like as, irradiation and temperature. This 
irradiation will also affect the efficiency of a PV. A 
comparison of irradiation to PV power and efficiency 
based on data collection conducted on December 3, 
2022 for 4 hours is presented in Figure 2. Based on 
Figure 2(a), the power generated by PV will tend to 
increase as irradiation increases. This condition has 
been previously disclosed in [2], [11]. In addition, it 
can also be seen from the coefficient R2 from Figure 
2(a) which is 0.9698. The value shows that the linearity 
between irradiation and PV power is very high. The 
average actual energy conversion efficiency obtained is 
10.50%. The average energy conversion efficiency is 
lower than the standard efficiency of the PV modules 
used, namely 14% for monocrystalline and 12% for 
polycrystalline. 

Unlike the case with the power conversion 
efficiency in PV, this conversion efficiency is inversely 

proportional to irradiation, this can be seen in Figure 
2(b). This phenomenon has been confirmed by 
previous research [5], [11]. This occurs as a result of 
increasing irradiation will increase the surface 
temperature of the PV. While the temperature itself can 
result in a voltage drop. 

Whereas the normalization efficiency is 
comparable to irradiation, this is because this value is 
obtained between the ratio of the actual power 
generated to the PV power under STC conditions, thus 
increasing irradiation will cause an increase in 
normalization efficiency. The coefficient value of R2 
for these two efficiencies is 0.8361 for conversion 
efficiency, while the normalization efficiency is 
0.9698. The value illustrates that the correlation 
between irradiation and PV power is very high. 

Energy production and energy exported to the grid 
during the 4 hours of testing can be seen in Figure 3. 
The total energy produced is 2.7 kWh and the energy 
exported to the grid is 2.3 kWh. PV produces an 
average of 0.675 kWh of energy per hour, while the 
energy exported to the grid is 0.582 kWh per hour. 
Energy production from PV experienced a high 
increase and the energy exported to the grid was also 

 

(a) 

 
(b) 

Figure 2. Comparison of irradiation versus, (a) power, dan (b) PV efficiency 
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high, occurring at 120 to 180 minutes or at the 3rd hour 
of measurement. During this period the energy 
generated by PV increased by 0.9 kWh, this was 
because during this period the irradiation reached its 
maximum value at 12.30 – 13.30. Meanwhile, the 
lowest increase in energy production by PV occurred 
in the first hour period, which was 0.4 kWh. This 
condition was caused by the cloudy weather during this 
measurement period, so the irradiation value was at a 
minimum condition of up to 60.6 W/m2. While at 3 
hours the average irradiation measurement reached 
1169.86 W/m2. For energy exported to the grid, the 

pattern is the same as energy produced by PV, with the 
3rd test period, the increase can reach 0.8 kWh. 
Whereas in the first period of testing the increase was 
only 0.4 kWh. 

Figure 4 shows YA, YR and YF with a test time of 
4 hours. YA, YR and YF got 2.7, 2.7, and 2.3 
respectively. Based on the figure, the YA and YR 
values have the same value, this is because the nominal 
capacity of the installed PV is 1 kWp. YA illustrates 
that the time that the PV generator must operate at 
nominal PV power to produce energy is only 2.7 hours 
during the test. Similar to YA, YR provides an 

 

Figure 3. PV energy generated and energy exported to the Grid for 4 hours. 

 
(a) 

Figure 4. Comparison YA, YR, YF dan PR. 
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Table 2. Comparison YA, YR, YF and PR versus other study 

No. Parameter 
This 

Study 

Reference   

[4] [5] [8] 

200 

kWp 

400 

kWp 

353.3 

kWp 

606.7 

kWp 

10 

MWp 

1. YA (kW h/d*kWp 2.7 NA NA NA NA  

2. YR (h) 2.7  NA NA 7.9 (max) 

3.5 (min) 

7.8 (max) 

4 (min) 

 

3. YF (kWh/kWp) 2.3 8,89 8,91   6.2 (max) 

3.2 (min) 

1.96 - 5.07 

4. PR (%) 86 88,9 89,1 52.3 30.4 86.12 
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Overview of the ideal time to generate electrical energy 
from PV. While YF is the energy that comes out of the 
PV capacity inverter under STC conditions. This YF 
value has a dependence on irradiation. The PR values 
generated during the operation of the PV within 4 
hours, each of which is 86%. PR shows the percentage 
of energy that is available after deducting energy 
losses. This value will be affected by irradiation, PV 
temperature, network availability, area size, nominal 
power output, and temperature correction values. PR 
which in this study was included in the good category, 
typically PR is greater than 80% [5]. A comparison of 
these parameters with other studies is presented in 
Table 2. 

Figure 5 shows the condition of load power, grid 
frequency and load, grid power factor, and load under 
various irradiation and load conditions. Low irradiation 
conditions (cloudy conditions) will cause the power 

factor on the grid to be low Figure 5a, while the value 
of the load power factor is close to 1. For both grid and 
load frequencies in various irradiation conditions and 
loads, the value is in normal conditions which are at 
vulnerable 49.96 – 50.03 Hz. Under the load conditions 
of the LED lamps (Figure 5b, Figure 5c, and Figure 
5d), the power factor at the load will decrease. The 
average value during measurement at each load is 0.89, 
093, and 0.93. The reduced power factor value 
measured at this load is caused by the non-linear 
component of the LED lamp. This phenomenon has 
been described in [12] which states that non-linear 
components can cause a decrease in the value of the 
power factor. This is also indicated by the presence of 
reactive power which is measured at the load (see 
Figure 5b, Figure 5c, and Figure 5d). 
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IV. CONCLUSION 

The On-grid PV system has shown good 
performance, this can be seen from the PR produced 
which is 86%. Whereas in low irradiation conditions 
(cloudy conditions) will cause the power factor on the 
grid to be low and the load power factor value is in 
normal conditions. For both grid and load frequencies 
in various irradiation and load conditions, the values 
under normal conditions are in the range of 49.96 – 
50.03 Hz. 
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