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Abstract—This paper describes the optimization of energy 

conversion when solar radiation occurs at peak power 
conditions, namely at 11.00 am to 2.00 pm where the position of 
the sun is parallel to the layout of the PV Rooftop installation. 
The panels used are 5 units with the type of polycrystalline with 
a capacity of 1 panel unit consisting of 250 Wp. The position of 
the panels installed on the roof of the Andalas University 
building is based on an angle of 90o degrees with a position of 
±255m above sea level. The advantages obtained when placed on 
the roof of the building are due to the minimal impact of shadow 
effects and environmental disturbances. Data retrieval using DC 
current and voltage sensors is then connected to the Arduino 
Uno microcontroller which is then interfaced in graphic form. 
Considerations in the installation of PV by reviewing the 
weather conditions at that time where the conditions were sunny 
and the air was clean with the aim that the performance when 
solar radiation entered the solar cells could be produced more 
optimally. Based on the data obtained at peak power, PV can 
convert DC power to 972.56 Wp. In the final stage of collecting 
data recorded on this PC, it can later be used as a reference for 
installing solar panels for household electricity scales in the 
West Sumatra region. 
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I. INTRODUCTION  
The high intensity of sunlight in the territory of Indonesia 

opens up enormous opportunities in the development and 
development of renewable energy today. The trend of using 
renewable energy around the world is currently growing 
rapidly, especially with the advantage of being able to reduce 
carbon emissions [1][2]. The opportunity for the Indonesian 
state to implement renewable energy is eagerly awaited 
because there are still many rural areas that have not fully 
experienced electrical energy from the grid network [3]. One 
of the most popular renewable energies used today is the 
installation of PV[4][5][6]. This system works by converting 
solar radiation directly into electrical energy with the help of 
solar cells [7][8][9]. West Sumatra is an area traversed by the 
equator and has a very high tropical climate [10][11]. Based 
on BMKG data, solar radiation reaches 12 hours per day, this 
can be the first step in investing in the installation of solar 
panels independently[12]. The most efficient installation is by 
building Roof PV above housing or buildings. In addition to 

being able to optimize land, the advantages of installing 
Rooftop PV are that it can reduce the effects of shadows and 
disturbances from the surrounding nature [13][14][15]. There 
are several types of solar panels that can be installed on the 
roof, one of which is the polycrystalline type. Empirical 
studies that have been carried out in various countries around 
the world prove that PV installation will have a positive 
impact on the 4.0 industrial revolution[16][17]. Therefore, it 
is necessary to conduct research on the installation of PV by 
analogizing the construction of PV in the form of a home 
scale. PV data collection is carried out in sunny conditions 
with the aim of seeing the maximum performance of the PV. 
Then the type of inverter used is a grid tie inverter where this 
tool does not require a battery as a backup. In this test, PV is 
connected in series using polycrystalline PV with a PV 
capacity of 1.25 kWp. After all the components are integrated 
with each other, the ACS712 and ZMPT101B sensors are used 
which have been connected to the Arduino Uno 
microcontroller to record DC power. The data is taken by 
looking at the maximum peak power that can be converted to 
PV at a flat position where the sun is around 11.00 am to 2.00 
pm. This time interval represents the maximum PV 
performance and peak load [18]. In addition, the DHT11 
sensor is used to monitor the condition of the panel surface 
temperature and also the humidity of the surrounding air. The 
data retrieval time is set using a 5 minute delay so that when 
the data is recorded it can reduce the occurrence of data loss. 
The data recorded on the PC will be visualized in the form of 
graphs. In order to make it easier to analyze later, the data will 
be processed using Microsoft Excel and the data can later be 
used as a reference in PV development in the West Sumatra 
area. 

II. METHODOLOGY 
The model used in this research is to integrate several PV 

components that are connected to the inverter and then the 
inverter with DC power will be converted into AC power 
before entering the load. Some of the important components 
seen in fig 1 are PV, Inverter and load. In selecting the 
inverter, the Grid Inverter type is used which is mutually 
integrated between DC and Grid power. Therefore a backup 
of the battery is not needed. The data is recorded using a 
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voltage sensor and a DC current sensor and then connected to 
the Arduino Uno microcontroller. In the final stage, the data 
stored on the PC is then displayed in a visual graph. 

 
Fig 1. PV design connected to PC 

 

A. Time Location and Data Collection 
Photovoltaic Module at the Department of Electrical 

Engineering, Andalas University, Padang. This station is 
located at coordinates 0º54'51”S 100º27'51”E 5 km, at an 
altitude of 303 m above sea level. Fig 2 shows the research 
location indicated by google earth. 
 

 
Fig 2. Rooftop PV Data Collection Location 

 

B. PV Power Plant Conversion Process 
Components of solar cells consist of photovoltaic or 

commonly abbreviated PV whose function is to produce 
electrical energy from light intensity. Basically, solar cells are 
silicon (Si) materials.[19]. With the presence of diodes in 
solar cells and the occurrence of p-n junctions, sunlight can 
produce electrical energy. Solar cells consist of a p- and n-
type semiconductor material junction (p-n junction 
semiconductor) which, when exposed to sunlight, will flow 
electrons, this flow of electrons is referred to as the flow of 
electric current. [20][21]. When the light intensity decreases 
(cloudy, cloudy or rainy) the electric current generated is also 
reduced, and expanding solar panels means increasing solar 
power conversion. For an illustration of the working principle 
of a solar cell, consider the following Fig 3. 

 
Fig.3 Solar Energy conversion process to PV 

 

C. Equivalent Circuit 
Solar cell equivalent circuit is very necessary to know the 

parameters of solar panels and as a mathematical modeling in 
the circuit. The equivalent circuit of a solar cell consists of a 
photocurrent (Iph), a diode, series resistance (Rs) and parallel 
resistance (Rsh), as shown in Fig. 4. 

 
Fig 4. Rooftop PV Data Collection Location 

 
Where: 
Iph  = PV cell current (A) 
Vout  = PV cell voltage (V) 
Ir = Current generated by the PV cell (A) 
Id  = Reverse saturation current (A) 
Ish  = Short circuit current (A) 
n  = ideal diode factor (value 1 for ideal diode) 
q  = Electron filling (1.602x10-19C) 
k  = Boltzman constant (1.3806 x 10 -23 J.K-1 ) 
T  = PV cell temperature (K) 
T1  = PV cell reference temperature (298o K) 
Rs  = Series resistance (Ω) 
Rsh = Parallel resistance(Ω) 
KO  = Current temperature coefficient (%/oK) 
 
D. PV Power Plant Installation 

Installation of PV on the campus of the Faculty of 
Engineering, Andalas University, which is ±255m. The PV 
power plant is built on the roof with the aim of reducing the 
effects of shading and interference from nature. 
Polycrystalline type PV has a capacity of 250 Wp where in 
total there is 1.25 kWp. For installation in series by 
synchronizing with the capacity of the grid tie inverter. The 
following Fig 5 Roof PV installation. 
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Fig 5. Rooftop PV Installation Capacity 1.25 kWp 

After installing the PV, then the DC power is connected to the 
inverter which has the ability to convert DC electrical energy 
to AC electrical energy. The circuit model can be seen in 
Figure 6 below. 

 
Fig 6. Simple off-grid Photovoltaic model 

 
E. Temperature and Humidity Sensor 

The DHT11 sensor functions to sense objects in the form 
of temperature and humidity objects, meaning that this sensor 
can measure two parameters at once. The DHT11 sensor has 
the advantage of excellent sensing data reading quality, 
responsiveness and not easily interfered with. This sensor 
also has a feature for calibration of the humidity calibration 
chamber, and its calibration is accurate enough for 
monitoring the surface of the solar panel. The specifications 
are shown in table 1 below. 

 
TABLE 1. SPECIFICATIONS OF TEMPERATURE/HUMIDITY 

SENSORS 

Characteristics 

Power Supply DC 3.5-5.5V 

Current Consumption Measurement 0,3mA, standby 
60µA 

Sampling Period Lebih dari 2 detik 

Air humidity measurement 
Measurement Resolution 16Bit 

Repeatability ±19%RH 
Measurement Accuracy 25ºC ±5%RH 

Interchangeability Fully Interchangeble 
Response Time ½(63%) of 25º C 6 detik 

Hysterical < ± 0.3% RH 
Long term stability <±0.5 % RH/yr in 

Temperature Measurement 
Measurement Resolution 16Bit 

Repeatability ±0.2ºC 
Range At 25 ºC ±2ºC 

Response Time 1/e (63%) 10 detik 

The temperature characteristics of the PV output have 
previously been tested on PV in a laboratory environment 
with 3 temperature variables by getting the results of room 
temperature measurements in 45 0C conditions will produce 
a current rating of 35 0C then 35 0C temperature will get a 
current rating that is more than 25 0C[22]. 

 
F. Digital Light Meter 

To measure the intensity of sunlight and regulate the 
amount of incoming light, a digital light meter is needed. 
Digital light meter used with model TASI-8731 as Fig 7. 

 

 
Fig 7. Physical Form and Important Functions of Digital Meter 
 
The use of this component helps to see the intensity of 
sunlight under various conditions such as sunny, cloudy and 
cloudy conditions. In this study, data collection was carried 
out to see the intensity of sunlight when it was hot, which was 
in the time range from 11.00 am to 2.00 pm. 
 

III. RESULT AND DISCUSSION 
In this study, we will discuss the optimization and efficiency 
of energy produced by solar panels by analogizing a capacity 
of 1.25 kWp or household scale load. The acquisition system 
by looking at the energy conversion at 11.00 am to 2.00 pm. 
Monitoring uses current sensors and voltage sensors that are 
connected using Arduino and several other devices. To see 
the component integration can be seen in fig 8. 
 

 
Fig 8. Arduino Integration with Sensor 
 

A. Data Collection 
Data collection is carried out in sunny weather. From the 

data generated, accurate information will be obtained and 
determine the efficiency of PV by calculating the electrical 
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load used. Data retrieval was carried out for 3 hours, namely 
when the peak power was between 11.00 am to 2.00 pm. The 
amount of electrical power that can be generated by PLTS can 
be calculated using the results of measuring voltage multiplied 
by current. While the amount of electrical power that can be 
generated by PV is calculated using equation (1) below: 

 
  ∑ Wh = ∑ (P × t)    (1) 

 
To find out the total energy over a certain period of time will 
be calculated using equation (2). 

 
Energy = ∫ 𝑝(𝑡𝑖𝑚𝑒)𝑑𝑡!

"   (2) 
 

B. Data Analysis 
Data analysis for bright data recorded by a PC in settings 

uses a delay of about 5 minutes later to analyze the data to 
make it easier to process and convert it to a table at a delay of 
15 minutes as listed in table 2. 

 
TABLE II: MEASUREMENT RESULTS ON SUNNY WEATHER 

CONDITIONS AND PEAK POWER 

Time Temperature 
(oC) 

Humidity 
(%) 

DC  
Volt 

AC 
Current 

DC 
Power 

11:00 29 65 122 4.73 576.9 
11:15 30 66 123 5.43 667.44 
11:30 30 68 125 5.81 726.74 
11:45 30 65 123 6.59 810.47 
12:00 31 64 124 7.29 903.57 
12:15 31 63 123 7.91 972.56 
12:30 31 67 124 7.44 922.79 
12:45 31 67 122 7.75 945.74 
13:00 31 65 122 7.05 860.62 
13:15 31 64 122 7.21 879.53 
13:30 31 67 122 5.89 718.76 
13:45 30 67 121 5.35 647.21 
14:00 30 64 120 4.26 511.63 

Based on table 3 which consists of output panel surface 
temperature data, humidity, DC voltage, DC current and DC 
power, it can be seen that the maximum energy conversion 
on roof PV with a capacity of 1.25 kWp occurs at 12.15 am 
with the peak power generated reaching 972.56 Wp.  

 
C. Output Data Weather Conditions 

The data collection process for sunny conditions is carried 
out when the sun's position is 90o on the panel surface. Text 
and graphic data obtained is the result of data from recording 
information using integrated sensors that work with each 
other with good accuracy.  

 
TABLE III: TEST RESULTS OF DIGITAL LIGHT METER DURING 

SUNNY WEATHER CONDITIONS 
Time Sunlight Intensity 

(Lux) 
Weather 

11:00 am- 12:00 pm 137100 Sunny 
12:00 am-01:00 pm 144900 Sunny 
01:00 pm-02:00 pm 132400 Sunny 

To determine the intensity of sunlight, a Digital Light Meter 
is used. The measurement results in sunny conditions can be 
seen in Table 3. 
 

D. Panel Surface Temperature Output Data Graph 
The following data is displayed in the form of a graph of 

the surface temperature of the solar cell in sunny weather 
conditions during the time range from 11.00 am to 2.00 pm. 
Based on fig 9 the temperature in the hot sun weather 
conditions that occurred at 12.15 pm reached a temperature 
of 310C. 

 
Fig 9. Temperature measurement with graphic display 
 

E. Humidity Data Output 
Based on fig 10, recorded data for air humidity 

measurements in clean weather conditions using the DHT11 
sensor when peak power is at 12.15 pm by 63%. 

 
Fig 10. Humidity measurement with graphic display 
 

F. DC Voltage Output Data 
In DC measurements, there is a fluctuating voltage 

fluctuation, this can be seen on the display in the form of a 
DC voltage graph in hot sun conditions during the time span 
that occurs. The measurement results at peak power at 12.15 
pm obtained a DC voltage of 123 Volts. The voltage rating 



Received: August 28, 2021 | Revised: Oct 29, 2021 | Accepted: Oct 31, 2021 
 

177 

during measurement continues to obtain a DC voltage of 
120V. During the monitoring time there are some 
fluctuations, depending on weather conditions that change in 
a short time so that the output voltage on the PV shows 
irregularity. This can be seen in the monitoring in fig 11 

 

 
Fig 11. DC voltage measurement with graphic display 

 

G. Output data DC Current 
Graphic display of DC current at peak power is quite high 

reaching 7.91. At 11.30 am the current began to fluctuate 
irregularly due to the use of different loads due to the activity 
of using electrical energy consumption. Hot sun weather 
conditions help PV to optimize energy conversion from the 
sun so that the current rating is almost at its maximum. 
However, at 1.30 pm the current began to decline. This 
situation is caused by the sun's rays away from the panel 
surface. This can be seen in Figure 2. 

 
Fig 12. DC current measurement with graphic display 
 

H. DC Power Output Data 
DC power peak load data taken for 3 hours, for a peak 

power of 972.56 Watt in the time interval 11 am to 2.00 pm. 
 

 
Fig 13. DC Power Measurement with graphic display 
 

IV. CONCLUSION 
The development of a PV Power Plant system is very 

much needed when heading towards the industrial era 4.0, this 
cannot be separated from the references made by previous 
research. In the installation of Rooftop PV, there are many 
things that must be considered so that the conversion 
performance produced by PV  can be maximized. The 
DHT11 sensor can only measure the surface temperature of 
the panel but cannot measure the air temperature, this affects 
the temperature rating which over time on data acquisition is 
detected that the temperature continues to increase. The results 
of the Roof PV measurement when the sun is bright at 11.00 
am to 2.00 pm in the West Sumatra area with a PV capacity of 
1.25 kWp, the peak DC power generated is 972.56 W at 
intervals of 3 hours. 
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