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Abstract. The utilization of solar energy sources is done by using photovoltaic (solar panels). The energy emitted 

by the sun is fluctuating. This change in radiation energy will also affect the output of solar panels. The relationship 

of change is what will be measured, observed and proven in this study. The observations are made using a gauge 

called the solar power meter, where this device can read the amount of solar radiation energy in the W/m2 unit. While 

the output to be measured is the output power generated by the solar panel itself. Measurement in this study was done 

using two modes; i. e. stationary mode and tracking mode. The stationary mode is done by placing the solar panel 

face with slope and azimuth in a predetermined direction, while the tracking mode is to place the solar panel face ex-

actly 90° to the sun. Evidently by placing the solar panels to keep the sun coming up, it can achieve efficiency up to 

14.1 % compared to stationing solar panels stationed 75° to the north which can only achieve efficiency of 13.7 %. 

Keywords: radiation energy, photovoltaic, efficiency, solar panel. 

1 Introduction 

Sun energy or better known as solar energy has now 

become one of the alternative energy sources for the gen-

eration or provision of electrical energy. The existence of 

science in the development of new and renewable re-

sources is a solution in answering the problematic about 

the limited availability of fossil resources. Radiation from 

solar energy is absorbed through medium called solar 

panels and then converted into electrical energy [1–2]. 

Given the nature of the sun that is always changing 

every time, it can be ascertained that the electrical energy 

generated by a solar panel will also experience fluctua-

tions. This needs to be observed and taken into account in 

order to establish the best tilt angle or even the best 

mounting mode of a solar panel in a particular location 

where solar panels can generate maximum electrical en-

ergy according to their highest wattage value. 

This research attempt to discover to objectives; they 

are 1) proving the relationship of the angle of solar panels 

to the intensity of solar radiation that can be absorbed by 

solar panels; and 2) discover and prove the relation of the 

intensity of solar radiation absorbed by the solar panel 

with its output power. Therefore, this study focused on 

the magnitude of the intensity of solar radiation that can 

be absorbed by a solar panel and the power generated by 

solar panels positioned at a predetermined angle and time. 

2 Literature Review 

2.1 Sunlight 

Solar energy supplies energy to the earth in the form of 

radiation. Solar energy system is exposed to different 

amounts of sunlight, which controls the amount of power 

generated by the solar energy conversion system.  In 

other words, the system generates more power when it is 

exposed to greater amount of sunlight. Each year there 

are about 3.9·10
24

 J (1.08·10
18

 kW·h). Throughout the 

year, the distance between the sun and the earth varies 

between (1.47–1.52)·10
8
 km.Consequently, irradiance E° 

fluctuates between 1.325–1.412 W/m
2
. The Earth’s at-

mosphere retract and reduces the sun's radiation through 

the process of reflection, absorption (ozone, water vapor, 

oxygen and carbon dioxide) and scattering (air molecules, 

dust particles or pollution). For sunny weather during the 

day, the irradiance reaching the earth’s surface are 

1 W/m
2
. 

2.2 Solar panels 

2.2.1 The structure of solar panels  
Solar panels are generally used to harness solar energy 

[3–8]. Silicon solar panels get heated to a temperature of 

more than 70 °C when they are subjected to intense sun-

light for a prolonged duration of time. At this high tem-
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perature, these panels show low efficiency while convert-

ing sunlight into energy. As a result, the system perfor-

mance is diminished and the power generation system 

encounters a one-third loss approximately [9–10]. There-

fore, a solar energy system is exposed to different 

amounts of sunlight, which controls the amount of power 

generated by the solar energy conversion system.  In 

other words, the system generates more power when it is 

exposed to greater amount of sunlight.  

One piece of solar cells illuminated by the sun can on-

ly produce a dc voltage of 0.5–1.0 V, and short-circuit 

currents in the scale of mA/cm
2
. Therefore, a solar mod-

ule typically consists of 28–36 solar cells and the total 

produces a dc voltage of 12 V in standard irradiation 

conditions. This collection of solar modules is then ar-

ranged in a field called solar panels (Figure 1). 

 

 

Figure 1 – The Solar Module (series) 

2.2.2 How solar cells work 

The photon is absorbed around depletion layer which 

is boundary between N-type silicon and P-type and an 

electron and a hole are separated. The electrons are at-

tracted to the N-type silicon side, resulting in a potential 

voltage. It will increase electrical energy that can later be 

stored into a battery (Figures 2–3). 

 

 

Figure 2 – How solar panels work 

 

Figure 3 – Workflow of solar panels 

The working process of receiving solar radiation by 

solar panels is to be converted into electrical energy. 

 

2.2.3 Efficiency 

The input power itself is the product of the intensity of 

solar radiation with the cross-sectional area of the solar 

panel. 

 
,·AEPin   

(1) 

where Pin – input power, W; E – intensity of solar ra-

diation, W/m
2
; A – cross section area, m

2
 (Figure 4). 

Several factors can reduce or even increase the effi-

ciency of such solar panels, such as surface temperature 

of solar panels, power losses present in the connecting 

cable, and others [6]. However, ignoring these factors, 

efficiency can be calculated using the following equation: 

 

 
,· outin PnP 
 

(2) 

where n – efficiency value; Pout – output power. 

The effect of this solar intensity by assuming the tem-

perature of the solar panel at a temperature of 25 °ɋ. 

Practically, the surface temperature of solar panels will 

also fluctuate [2]. The solar cell will operate optimally if 

its surface temperature remains normal and stable at 

25 °C. A rise in temperature higher than normal will 

weaken the voltage Voc (Figure 5). 

 

 

Figure 4 – The effect of intensity change 

 

Figure 5 – The curve of solar cell surface  

temperature change effect 
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3 Research Methodology 

3.1 Research workflows 

The diagram of the research flow is presented in  

Figure 6. 

 

 

Figure 6 – The diagram of the research flow 

3.2 Specification of solar module 

The specification of Solar Cell 50WP (Figure 7) is 

presented in Table 1. 

Table 1 – Specification of Solar Cell 50WP 

Specification  

(Polycrystalline) 
Information 

Maximum power Pmax 50 W 

Maximum power voltage Vmp 16.5 V 

Maximum power current, Imp 3.34 A 

Open circuit voltage, Voc 21.1 V 

Short circuit current, Isc 4.23 A 

Nominal operating cell tem-

perature, NOCT 
45 ± 2 °C 

Maximum system voltage 1 000 V 

Maximum series fuse 16 A 

Total mass 6.5 kg 

Dimensions 775×680×28 mm 
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Figure 7 – Manual solar tracker 

3.3 Position of solar panel 

For stationary solar panels, this condition is set for 

each measurement time: 

– putting solar panels in one fixed position; 

– azimuth: 180° facing north; 

– slope: 75°. 

For solar tracking panels, its placement basically 

means always positioning solar panels by precisely fol-

lowing the direction of the sunlight. The adjustment of 

the tilt of the solar panel is adjusted at the following an-

gles to adjust the direction of the sun on each hour: 

– azimuth: 180° facing east; 

– slope: from 30° to 150° with step 15°. 

3.4 Time and location measurement 

This measurement is done in rooftop of Magister Man-

agement Building of Tridinanti University of Palembang. 

Objects that need to be measured are the intensity of solar 

radiation absorbed by solar panels, as well as the current 

and output voltage of solar panels. For that the measuring 

tools that need to be used includes: Solar Power Meter 

and Multimeter (Figure 8). 

 

 

Figure 8 – The measurement circuit 
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4 Discussion and Analysis 

4.1 The relationship of the angle to the 
radiation of the sun per day 

The comparison of solar radiation intensity is present-
ed in Table 2 and Figure 9, where E2 – intensity  
of solar radiation captured by solar panel tracking;  
E1 – intensity of solar radiation captured by stationary 
solar panels. 

Table 2 – Comparison of solar radiation intensity 

Time 
Radiation, W/m

2
 

Stationary  
panel 

Tracking  
panel 

ΔE = E2 – E1 

08:00 246.64 326.46 79.82 

09:00 294.72 362.47 67.75 

10:00 424.12 464.40 40.28 

11:00 398.87 431.90 33.03 

12:00 394.01 454.21 60.2 

13:00 336.36 399.47 63.11 

14:00 329.27 439.75 110.48 

15:00 259.51 355.46 95.95 

16:00 177.43 320.87 143.44 

 

 

Figure 9 – The average radiation solar  
comparison curve per day 

From the curve above we can see that solar panels with 
tracking mode can capture more solar radiation in a day. 
This is evidenced by the deviation value between the two 
that shows positive results. 

The lowest increase is at 11:00, i. e. 33.03 W/m
2
,  

or 8.3 %: 

 %.3.8%100·
95.397

03.33
n  

 

The highest average increase was at 16:00, i. e. 
143.44 W/m

2
 or 81 %: 

 %.81%100·
43.177

44.143
n  

 

 

 
A positive ΔP value indicates that the output power of 

the solar panel with tracking mode (perpendicular to the 

sun) is greater than the stationary solar panel. This is 

directly proportional to the intensity of solar radiation 

(Table 3, Figure 10). Where as the increased intensity of 

solar radiation that can be absorbed by a solar panel, it 

will also increase the output power. 

Table 3 – Difference in output power of both solar panel modes 

Time 
Output power, W 

P1 P2 ΔP = P2 – P1 

08:00 13.78 22.83 9.05 

09:00 18.00 25.26 7.26 

10:00 27.95 32.68 4.73 

11:00 26.76 29.54 2.78 

12:00 28.38 33.70 5.32 

13:00 21.99 27.58 5.59 

14:00 21.21 28.40 7.19 

15:00 16.34 23.15 6.81 

16:00 9.96 22.26 12.3 

 

 

Figure 10 – Average power comparison curve 

In Table 3, P1 is the output power of the stationary so-

lar panel; P2 is the solar power output tracking. 

The lowest power increase is at 11:00 o’clock at 

2.78 W or 10 %. 

 %.0.10%100·
76.26

78.2
n  
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4.2 Efficiency 

Using the number equation (1) to determine the input 

power and equation (2) to determine its efficiency. 

Table 4 – Efficiency of stationary solar panel output power 

Time 
Radiation,  

W/m
2
 

Pin = E·A,  

W 

Pout,  

W 

n =Pout / Pin,  

% 

08:00 246.64 129.98 13.78 10.60 

09:00 294.72 155.32 18.00 11.59 

10:00 424.12 223.51 27.95 12.50 

11:00 398.87 210.20 26.76 12.73 

12:00 394.01 207.64 28.38 13.67 

13:00 336.36 177.26 21.99 12.41 

14:00 329.27 173.53 21.21 12.22 

15:00 259.51 136.76 16.34 11.95 

16:00 177.43 93.51 9.96 10.65 

Table 5 – Efficiency of solar panel tracking power output 

Time 
Radiation,  

W/m
2
 

Pin = E·A,  

W 

Pout,  

W 

n =Pout / Pin,  

% 

08:00 326.46 172.04 22.83 13.27 

09:00 362.47 191.02 25.26 13.22 

10:00 464.40 244.74 32.68 13.35 

11:00 431.90 227.61 29.54 12.98 

12:00 454.21 239.37 33.70 14.08 

13:00 399.47 210.52 27.58 13.10 

14:00 439.75 231.75 28.40 12.25 

15:00 355.46 187.33 23.15 12.36 

16:00 320.87 169.10 22.26 13.16 

 

Referring to table above, we can see that solar panels 

are placed in a static state on the 180° slope facing north 

and azimuth 75°, has an efficiency value below its stand-

ard. The conditions that enter the efficient range only 

occur at 12:00 which is also the peak of sun exposure in 

west Indonesia in particular. 

In the solar panel tracking, the state is relatively effi-

cient except at an average of 14:00 and 15:00. This may 

happen because of various factors; including weather, 

surface temperature of solar panels and power losses [7]. 

However, the subject of our discussion is that there is an 

increase in the efficiency of its output when the solar 

panel is positioned perpendicular to the sun. 

 

4.3 Average solar radiation intensity ratio of 

four solar panel modes in one full day 

Comparing these four solar panel placement modes 

based on the average intensity of captured solar radiation 

and output power in a single day can be seen from the 

curves below (Figure 11), where E1 – intensity of solar 

radiation captured by the northern stationary 70° solar 

panels; E2 – intensity of solar radiation captured by the 

solar panel tracking north-south; E3 – intensity of solar 

radiation captured by 70° stationary east solar panels;  

E4 – intensity of solar radiation captured by solar panels 

tracking east-west. 

 

Figure 11 – Graph of solar radiation intensity comparison  
of the four-mode solar panels 

The eastern-western tracking mode with 15° changes 
per hour is still much better than the eastern stationary 
70° mode as has been the standard provision of solar 
panel installation in Indonesia. While comparing east 
stationary 70° solar panels with a 70° north stationer;  
70° eastern stationary mode is still better at capturing 
solar radiation though not much different. 

4.4 Comparison of average output power of  
all four solar panel modes in one full day 

By calculating the output power obtained from the 
output voltage and current output of solar panel, the data 
as in Table 6, where p – output power of the northern 
stationary 70° solar panels; P2 – solar power output track-
ing north-south; P3 – output power of the eastern station-
ary 70° solar panels; P4 – solar panel power output  
tracking east-west. 

Table 6 – The average power of the solar  
panel outputs are all four modes 

Time 
Power output, W 

P1 P2 P3 P4 

07:00 7.45 6.77 8.96 4.90 

08:00 14.62 23.19 21.26 18.62 

09:00 29.55 27.09 34.23 37.05 

10:00 32.17 33.22 36.42 37.37 

11:00 38.95 39.58 40.81 42.19 

12:00 40.15 40.89 40.09 43.14 

13:00 25.95 28.80 26.88 31.00 

14:00 33.37 33.11 29.01 36.89 

15:00 12.33 12.36 10.11 14.59 

16:00 12.71 9.97 6.97 17.97 

17:00 4.85 3.12 4.33 6.79 

18:00 2.13 1.51 1.50 2.38 

 20.56 21.63 21.71 24.41 

 
In this measurement, it concentrates on the ratio of the 

total average solar panel output power to all four solar 
panel modes. 

This is shown the highest average output power in one 
full day can be generated by solar panels tracking east - 
west. This data proves that the installation of solar panels 
with this mode is the best compared to the other 3 modes. 
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Figure 12 – Graph of output power ratio  
of all four solar panel modes 

5 Conclusion and recommendations 

The results of the measurement and discussion can be 

summarized as follows: 

– the angle of a solar panel is very influential on the 

intensity of solar radiation that can be absorbed by a solar 

panel, which by positioning the solar panel remains per-

pendicular to the sun, maximizing the absorption of sun 

radiation 8.3–81.0 % compared with positioning the solar 

panel in a stationary state; 

– the intensity of sunlight is proportional to the output 

power of a solar panel, where the increase in power that 

can be achieved by setting the position of the solar panel 

perpendicular to the sun is 10–23 % compared to posi-

tioning the solar panel on a stationary state. 

Based on the conclusions, it can be suggested: 

– to maximize efficiency, solar panels are expected to 

be positioned perpendicular to the sun. This is possible by 

using automatic solar tracker; 

– installation of solar panels should be located in high 

places that are not blocked by the shadow of the any ob-

jects or other buildings; 

– in the case of measurement and testing, it should use 

more than one solar panel to adjust the number of modes 

to be measured to avoid errors caused by time delay in 

measurement. 
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Аɧаɥɿɡ ɟɮɟɤɬɢвɧɨɫɬɿ вɿɞɫɬɟɠɭваɥьɧɢɯ ɿ ɫɬаɰɿɨɧаɪɧɢɯ  
ɪɟɠɢɦɿв ɫɨɧɹɱɧɨʀ ɩаɧɟɥɿ ɩɪɨɬɢ ɫɨɧɹɱɧɨʀ ɪаɞɿаɰɿʀ 
ɋɚɦɚɭɥɚ ɏ.1, Ȼɚɡɿɪ Й.

1
, Ƚɟɥɦɿ Ɇ.

1
, Ɏɚɬɬɭɪɿɡɤɢ Ɏ.

1
, ɋɭɝɚɜɚɪɚ Ⱥ.

2
 

1 Пɚɥɿɛɚɧɝɛɚɧɫьɤɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɦ. Ɍɪɿɞɿɧɚɧɬɿ, 30129, ɦ. Ɍɪɿɞɿɧɚɧɬɿ, Іɧɞɨɧɟɡɿɹ;  
2 ɍɧɿɜɟɪɫɢɬɟɬ ɇɿʀɝɚɬɚ, 950-2181, ɦ. ɇɿʀɝɚɬɚ, əɩɨɧɿɹ 

Аɧɨɬаɰɿɹ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɞɠɟɪɟɥ ɫɨɧɹɱɧɨʀ ɟɧɟɪɝɿʀ ɡɞɿɣɫɧɸєɬьɫɹ ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɮɨɬɨɟɥɟɤɬɪɢɱɧɢɯ, 
ɫɨɧɹɱɧɢɯ ɩɚɧɟɥɟɣ. Еɧɟɪɝɿɹ, ɜɢɩɪɨɦɿɧɸɜɚɧɚ ɫɨɧɰɟɦ, ɤɨɥɢɜɚєɬьɫɹ. ɐɹ ɡɦɿɧɚ ɟɧɟɪɝɿʀ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɬɚɤɨɠ 
ɜɩɥɢɜɚє ɧɚ ɜɢɩɭɫɤ ɫɨɧɹɱɧɢɯ ɩɚɧɟɥɟɣ. ɋɩɨɫɬɟɪɿɝɚɸɬьɫɹ ɡɦɿɧɢ ɜɢɦɿɪɸɜɚɧɢɯ ɜɿɞɧɨɲɟɧь, ɳɨ ɞɨɜɟɞɟɧɨ ɭ ɰьɨɦɭ 
ɞɨɫɥɿɞɠɟɧɧɿ. ɋɩɨɫɬɟɪɟɠɟɧɧɹ ɩɪɨɜɨɞɹɬьɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɜɢɦɿɪɸɜɚɥьɧɨɝɨ ɩɪɢɥɚɞɭ – ɥɿɱɢɥьɧɢɤɚ ɫɨɧɹɱɧɨʀ 
ɟɧɟɪɝɿʀ, ɡɞɚɬɧɨɝɨ ɮɿɤɫɭɜɚɬɢ ɿɧɬɟɧɫɢɜɧɿɫɬь ɟɧɟɪɝɿʀ ɫɨɧɹɱɧɨɝɨ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ, ȼɬ/ɦ2. ɏɨɱɚ ɜɢɯɿɞɧɢɣ ɫɢɝɧɚɥ, 
ɳɨ ɜɢɦɿɪɸєɬьɫɹ, ɬɨɛɬɨ ɜɢɯɿɞɧɚ ɩɨɬɭɠɧɿɫɬь, ɜɢɪɨɛɥɟɧɚ ɹɤ ɩɚɧɟɥь ɫɨɧɹɱɧɢɯ ɛɚɬɚɪɟɣ. ȼɢɦɿɪɸɜɚɧɧɹ ɜ ɰьɨɦɭ 
ɞɨɫɥɿɞɠɟɧɧɿ ɡɞɿɣɫɧɸɜɚɥɨɫь ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɜɨɯ ɪɟɠɢɦɿɜ: ɫɬɚɰɿɨɧɚɪɧɨɝɨ ɿ ɪɟɠɢɦɭ ɜɿɞɫɬɟɠɟɧɧɹ. ɋɬɚɰɿɨɧɚɪɧɢɣ 
ɪɟɠɢɦ ɪɟɚɥɿɡɭєɬьɫɹ ɪɨɡɦɿɳɟɧɧɹɦ ɫɨɧɹɱɧɨʀ ɩɚɧɟɥɿ ɡ ɧɚɯɢɥɨɦ ɬɚ ɚɡɢɦɭɬɨɦ ɭ ɡɚɡɞɚɥɟɝɿɞь ɜɢɡɧɚɱɟɧɨɦɭ 
ɧɚɩɪɹɦɤɭ, ɭ ɬɨɣ ɱɚɫ ɹɤ ɪɟɠɢɦ ɫɬɟɠɟɧɧɹ – ɪɨɡɦɿɳɟɧɧɹɦ ɫɨɧɹɱɧɨʀ ɩɚɧɟɥɿ ɧɚ 90° ɞɨ ɫɨɧɰɹ. Пɟɜɧɢɦ ɫɩɨɫɨɛɨɦ 
ɪɨɡɦɿɫɬɢɜɲɢ ɫɨɧɹɱɧɿ ɛɚɬɚɪɟʀ, ɜɨɧɢ ɦɨɠɭɬь ɞɨɫɹɝɬɢ ɟɮɟɤɬɢɜɧɨɫɬɿ ɞɨ 14.1 % ɩɨɪɿɜɧɹɧɨ ɡɿ ɫɬɚɰɿɨɧɚɪɧɢɦɢ 
ɫɨɧɹɱɧɢɦɢ ɩɚɧɟɥɹɦɢ, ɪɨɡɬɚɲɨɜɚɧɢɦɢ ɩɿɞ ɤɭɬɨɦ 75° ɞɨ ɩɿɜɧɨɱɿ ɡ ɞɨɫɹɝɧɟɧɧɹɦ ɟɮɟɤɬɢɜɧɨɫɬɿ 13.7%. 

Ʉɥɸɱɨвɿ ɫɥɨва: ɟɧɟɪɝɿɹ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ, ɮɨɬɨɟɥɟɤɬɪɢɱɧɚ ɟɧɟɪɝɿɹ, ɟɮɟɤɬɢɜɧɿɫɬь, ɫɨɧɹɱɧɚ ɩɚɧɟɥь. 


	1 Introduction
	2 Literature Review
	2.1 Sunlight
	2.2 Solar panels

	3 Research Methodology
	3.1 Research workflows
	3.2 Specification of solar module
	3.3 Position of solar panel
	3.4 Time and location measurement

	4 Discussion and Analysis
	4.1 The relationship of the angle to the radiation of the sun per day
	4.2  Efficiency
	4.3 Average solar radiation intensity ratio of four solar panel modes in one full day
	4.4 Comparison of average output power of  all four solar panel modes in one full day

	5 Conclusion and recommendations
	References

