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Abstract

Solar panels play a crucial role as the main component in a Solar Power Plant (PLTS),
where solar energy is converted into electrical energy. The efficiency of power
conversion in solar panels is influenced by various factors, including material type,
tilt angle, and weather conditions. To optimize efficiency, proper adjustment of the
panel's tilt angle is required to achieve maximum current output. The variation in
tilt angles remains a challenge in obtaining high efficiency, necessitating a method
to address this issue effectively. The use of ANOVA aims to analyze the effect of
solar panel tilt angle variations on output current, providing a reference for PLTS
installation. This study was conducted through experimental research on solar
panels by applying various tilt angles to collect current distribution data. The data
was then processed using sufficiency tests, normality tests, homogeneity tests, and
ANOVA. The findings indicate that tilt angle variation significantly affects output
current, as the ANOVA test result yielded a P-value of 0.0405, indicating statistical
significance. Furthermore, the experiment identified an optimal tilt angle for
maximizing current output, with a recommended angle of 20° facing eastward.
Keywords: Solar Power Plants (SPPs), Tilt Angle, ANOVA.

1. Introduction

The utilization of solar energy into electrical energy is achieved using the solar
panel as the most important component in a Solar Power Plant (PLTS), because it is
in this component that the process of converting solar energy into electrical energy
occurs [1]. Solar panels convert solar energy into electrical energy through the

photovoltaic process. In this process, the solar cells within the panels capture
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sunlight and change it into direct current (DC) electricity. With this technology, Solar
Power Plants (SPPs) become an environmentally friendly solution that contributes
to supporting the use of sustainable renewable energy, although in terms of
efficiency, SPPs still require further development [2]-[5].

The power conversion efficiency of solar panels is influenced by the type of
material used. Generally, the solar panels available on the market consist of two
main types: monocrystalline and polycrystalline. In addition to the material type, the
power efficiency of solar panels also depends on the duration of sun exposure and
the angle of solar irradiation [6]-[8]. Setyawan & Agus (2022) in their research,
proved that adjusting the solar panel angle according to specific times, combined
with optimal weather conditions, can produce maximum output current.

Research conducted by Selian (2024), presented the results of their study, which
employed the ANOVA method, demonstrating that this method can identify
significant differences among data groups. Based on the analysis of the tilt angle, the
highest output power occurred at a 30° angle with 76 watts, and the lowest output
power occurred at a 60° angle with 36 watts. Another study also utilized ANOVA to
analyze the effect of tilt variation on PV current, and the findings indicated that an
80° angle yielded the highest current.

The use of ANOVA in an experimental domain, such as with solar panels,
requires a prerequisite test to ensure that the sample used is adequate. Previous
studies that used ANOVA did not include prerequisite and post-hoc tests to confirm
the significance among their variables. Therefore, this research will maximize the
ANOVA method and ensure that the samples used meet the requirements.
Consequently, the validity of the test results using ANOVA can be applied in setting
the solar panel angle at the optimal degree to capture solar radiation for conversion

into electrical energy.

2. Methods

This research was conducted in Plampang Village, Paiton District, Probolinggo
Regency, with coordinates 7°44'07.9"S 113°30'16.0"E. The study employed an
experimental method for data collection using a polycrystalline solar panel with a
capacity of 10 Wp. The following outlines the experimental method for data
collection:

1. Data collection was performed from 09:00 to 13:00 for 3 days, and the
average calculation will be performed.

2. The solar panel will be set at angles (a) 0° to - 90° which is assumed to
face East (Quadrant 2), and the solar panel will be set at angles (b) 0° to

90°, which is assumed to face West (Quadrant 1), as shown in Figure 1.
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Figure 1. Tilt Angle Adjustment

To perform the prerequisite calculations before utilizing the ANOVA method,

data testing and processing will be assisted by R Studio software. The following data

processing techniques are used in this study:

1. Data Sufficiency Test is performed to verify that the collected data is

sufficient to address the research problem.

2. Normality Test is conducted to determine the data distribution.

Homogeneity Test is performed to determine if the data meets this

requirement, as this test is a prerequisite for performing ANOVA

analysis.

4. ANOVA Analysis is performed to determine the significance of each

variable.

3.Results and Discussion

3.1 Research Data

Table 1. Observational Data Results

Current (mA) Time -

Angle () 9 10 11 12 13
0 49,93 110,97 224,60 99,60 61,23
10 65,57 160,70 188,50 109,77 83,17
20 67,67 158,53 178,27 225,77 82,83
30 77,60 158,73 175,50 205,33 79,43
40 68,47 149,60 173,53 134,73 75,47
50 63,27 157,37 171,33 130,50 68,10
60 56,43 123,93 156,50 122,70 60,37
70 53,27 101,43 119,80 91,83 53,00
80 70,83 81,57 95,00 59,43 45,20
90 95,17 65,07 58,97 40,47 36,13

100 148,47 118,63 154,13 211,53 69,33
110 104,00 137,00 154,20 223,60 77,80
120 48,37 124,23 148,23 206,10 69,97
130 39,83 109,87 108,80 177,97 60,80
140 32,97 93,70 102,47 156,50 52,63
150 27,80 77,10 74,70 127,70 43,43
160 24,33 62,33 58,30 98,30 35,20
170 20,03 49,73 46,23 60,47 27,67
180 16,80 38,33 32,20 41,80 20,90
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Table 1 presents the observed output current of the photovoltaic (PV) panel
measured at different panel angles (0°-180°) and observation times (09:00-13:00).
The current values were recorded at 10° angular intervals to investigate the influence
of panel orientation and solar position on PV performance.

The results indicate that the output current varies significantly with both the
panel angle and the measurement time. In general, the current increases from 09:00
and reaches its maximum between 11:00 and 12:00, corresponding to the period of
highest solar irradiance. After midday, the current decreases as the solar elevation
angle declines.

Regarding the panel orientation, higher current values are generally observed
at angles between 20° and 40° during the morning period, while another increase
appears at angles around 100°-120° at 12:00. This behavior suggests that the
optimum panel orientation changes throughout the day following the apparent
movement of the sun.

Conversely, the lowest current values are consistently recorded at extreme
angles (160°-180°), where the incident solar radiation received by the PV surface is
considerably reduced. Overall, the data demonstrate that both the panel angle and
the time of observation substantially affect the output current of the photovoltaic
system. Therefore, statistical analysis using a two-way Analysis of Variance
(ANOVA) is appropriate to determine whether the effects of panel angle,

observation time, and their interaction are statistically significant.
3.2 Sufficiency Test
Table 2. Sufficiency Test Result

KMO Test
Time MSA

9 0.74

10 0.78

11 0.83

12 0.64

13 0.73
Overall MSA 0.74

Barlett’s Test

Chi-Square (x? 131.82
Degrees of Freedom (df) 15
p-value 9.35x 10

Table 2 presents the results of the Kaiser-Meyer—Olkin (KMO) measure and
Bartlett's Test of Sphericity to evaluate the adequacy of the dataset for statistical
analysis. The KMO values range from 0.64 to 0.83, with an overall Measure of

Sampling Adequacy (MSA) of 0.74. Since all MSA values exceed the recommended
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threshold of 0.50, the dataset demonstrates satisfactory sampling adequacy. In factor
analysis, the correlation among variables is used to evaluate construct validity,
where each variable should exhibit an MSA value greater than 0.50 to be considered
acceptable [9], [10]. The results indicate that all observation periods satisfy this
criterion, suggesting that each variable contributes adequately to the underlying
factor structure.

Furthermore, Bartlett's Test of Sphericity yielded a chi-square value of 131.82
with 15 degrees of freedom and a p-value of 9.35 x 102! (p < 0.001). The null
hypothesis that the correlation matrix is an identity matrix is therefore rejected,
indicating that significant correlations exist among the observed variables. These
findings confirm that the dataset possesses sufficient inter-variable correlation and
is statistically suitable for subsequent multivariate analysis. Consequently, the
KMO-MSA and Bartlett's test results demonstrate that the observational data satisfy
the statistical requirements for further inferential analysis, including the evaluation

of the effects of panel angle and observation time on the photovoltaic output current.
3.3 Normality Test

The Shapiro-Wilk normality test is used to evaluate whether the data in a small
sample (< 50 samples) is normally distributed. According Agustin & Permatasari
(2020) [7], the conclusion is drawn based on the probability value (Asymptotic
Significance), with the following provisions:

1. If the probability is greater than 0.05, the data is considered normally

distributed.

2. If the probability is less than 0.05, the data is not normally distributed.
Table 3. Sufficiency Test Result

Time W P-value
9 0.92321 0.1297
10 0.94071 0.2716
11 0.94811 0.3668
12 0.93303 0.1969
13 0.94592 0.336

Table 3 presents the results of the Shapiro-Wilk normality test for the
photovoltaic output current at each observation time. The obtained W statistics
range from 0.92321 to 0.94811, while the corresponding p-values vary between
0.1297 and 0.3668. Since all p-values are greater than the significance level of 0.05,
the null hypothesis of the Shapiro-Wilk test cannot be rejected, indicating that the
experimental data are normally distributed. Therefore, the normality assumption
required for parametric statistical analysis is satisfied. With this prerequisite
fulfilled, the dataset is appropriate for subsequent Analysis of Variance (ANOVA)

to evaluate the effects of panel angle and observation time on the photovoltaic
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output current. If the ANOVA results indicate statistically significant differences
among the treatment groups (p < 0.05), a post hoc multiple comparison test is
subsequently performed to identify the specific groups that differ significantly [11]-
[15].

3.4 Homogeneity Test

Levene's Test is used to examine whether the variances of several populations
are homogeneous or not. This test is an alternative to the Bartlett test. If the data has
a normal or near-normal distribution, the Bartlett test is more recommended.
Levene's Test is performed using one-way analysis of variance, where the data is
processed by calculating the difference between each score and its group mean [8],
[16]- [18]. The following are the test requirements:

1. If the significance value is less than 0.05, it means that the variation among

the data groups is not equal.

2. If the significance value is greater than 0.05, it can be concluded that the

variations among the data groups are similar.
Table 4. Homogeneity Test Result

Group Df F value Pr(GF)
angle 18 0.9462 0.5282

Since the p-value is 0.05282, which is greater than 0.05, cannot reject the null
hypothesis. This means there is no significant difference in variances between the
groups in the tested data. The variances between groups are considered

homogeneous or uniform.
3.5 ANOVA
The ANOVA test is used to determine whether the means of the four samples

are equal or if there are significant differences among them. According to Dewi et al
(2023), decision-making in the ANOVA test is based on the significance value as
follows:
1. If the Sig < 0.05, there is no significant difference, so the means can be
considered equal.
2. If the Sig < 0.05, there is a significant effect/difference among the sample
means (Null Hypothesis $H_0$ is rejected).
Table 5. ANOVA Test

F-value 4.317
P-value 0.0405

Table 5 shows a p-value of 0.0405, meaning < 0.05. Based on the decision-

making criteria, it can be concluded that in this research, the tilt angle of the solar
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panel significantly affects the solar panel's output current. Further visualization for

the ANOVA is presented in the following graph:
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Figure 2. Results of the One-Way ANOVA Mapping

As seen in the Figure 2, the maximum solar panel output current is at a -20°
angle, which then experiences a decrease when the angle moves towards -10° and

the minimum value is at 0°.

4. Conclusion

The research results show that there is a significant effect between the variation
of the solar panel tilt angle and the photovoltaic current. In the ANOVA test, the
significance scale is 0.0405, or < 0.05, which confirms the effect between these
variables. Other prerequisite tests for the ANOVA also showed fulfillment, such as
the data adequacy test with an Overall MSA of 0.74, which meets the required
qualification of $> 0.5% to be considered sufficient data. Other tests, such as normality
and homogeneity, also provide confidence to continue this ANOVA analysis

because the probability value is > 0.05 and the significance value is > 0.05.
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