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Abstract. Solar energy has been considered as a promising renewable energy source for 

electric power generation. Solar panel systems have become a popular object to be 

developed by researchers, but the low efficiency of solar panels in energy conversion is one 

of the weaknesses of this system. Factors that affect the output produced by solar panels are 

the intensity of sunlight and the working temperature of the solar panels. The solar panel 

module has a single operating point where the voltage and current outputs produce the 

maximum power output. There are three main methods in Maximum Power Point Tracking 

(MPPT), namely conventional methods, artificial intelligence methods, and hybrid 

methods. In most solar panel systems, this study uses Maximum Power Point Tracking 

(MPPT) with perturb and observe algorithms to maximize the use of solar energy. The 

maximum power point extracted by MPPT will be supplied to the battery and controlled by 

the Charge Controller. The energy stored in the battery will be used by the Thermo Electric 

Cooler cooling system to reach the desired temperature point using the keypad as 

temperature input. 
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1 Introduction 

Electrical energy is a very important need in everyday life, the increasing demand for electrical 

energy every year requires the provider to be responsive in solving any energy problems that 

occur [1]. One of the problems regarding electrical energy is the availability of fossil energy 

sources as fuel for generation which decreases every year, this makes the development of new 

and renewable alternative energy sources a focus in this era [2]. Renewable energy is energy 

whose primary material sources can be easily taken, can be renewed and reused. One example 

of renewable energy is solar energy [3]. 

 

Utilization of solar energy is very important at this time which is converted into electrical 

energy by using solar panels which function as the main equipment of the power generation 

system. In conventional applications, solar panels have many shortcomings, especially in terms 
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of low output efficiency, this is due to the different characteristics between solar panels and 

loads [4]. In addition, there are several factors that affect the electrical power generated by solar 

panels, such as the amount of light intensity and the working temperature of the solar panels. 

Therefore we need a technology that can maximize the output power of the solar panels [5]. In 

order to maximize the power generated by the PV system, the following techniques are applied 

maximum power point tracking (MPPT) [6]. Various control algorithms are sought to maximize 

the power of the PV system. In this study, the use of the method was studied perturb and 

observe (P&O) which is implemented on pulse width modulation (pulse-width 

modulation/PWM) to control boost converter [7]. A solar panel is a component that can be used 

to convert sunlight energy into electrical energy using a principle called the photovoltaic effect 

[8]. The electrical energy produced is usually used for electricity needs and some is stored in 

advance with batteries. The workings of this solar-powered panel system can still run even in 

the afternoon, evening or even in the rain because it uses the help of the battery. Sunlight that 

shines on the earth can be converted into electrical energy through a process called photovoltaic 

(PV) [9]. 

 

Photovoltaic cells are made of semiconductor materials, especially silicon which is coated by a 

special additive. If sunlight reaches the cell, the electrons will be released from the silicon atoms 

and flow to form an electrical circuit so that electrical energy can be generated. Solar cells are 

always designed to convert light into as much electrical energy as possible and can be combined 

in series or parallel to produce the desired voltage and current [10]. Maximum Power Point 

Tracking or often abbreviated as MPPT is an electronic system that is operated on a 

photovoltaic (PV) panel so that the photovoltaic panel can produce maximum power [11]. It 

should be noted that MPPT is not a mechanical tracking system that is used to change the 

position of the module to the position of the sun so that it gets the maximum solar energy. 

MPPT is really an electronic system that can track the maximum power point of power that can 

be issued by a PV panel [12] Based on the above reference, a research was conducted on a 

solar-based Thermo Electric Cooler (TEC) cooling system. 

2 Methods  

2.1 Block Diagram 

In the research process, tool making and tool testing are carried out at the Basic Electronics 

Laboratory, the research process, from tool making, tool testing and data processing. The 

System Block Diagram presented in the figure below shows the main parts of the system as well 

as inputs and outputs. System input is electrical energy sourced from solar panels [13]. MPPT 

tracks the maximum power on the solar panels. Charge Controller manages charging from 

MPPT to Battery. The battery stores the generated power [14]. The system output is 

temperature. The initial temperature is set by the keypad. The microcontroller executes 
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commands to calculate temperature changes that occur in the test room, the resulting data will 

be stored via the SD Card Module [15]. The battery provides an electric current to TEC1 12706, 

causing hot temperatures on the heat dissipation side and cold temperatures on the test chamber 

side. The LCD will display the temperature change from the DS18B20 sensor [16]. Heat is 

removed using a pump when the value is ON, the pump flows water continuously so that heat 

can be wasted into the water as a heat sink, waterblock as a heatsink on the water as a heat sink 

[17]. 

 

Figure 1. Block Diagram of the system 

 

2.2 Flowchart 

The flowchart of the system is given in in Figure 2.  

 

Figure 2. Flowchart of the system 
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3 Result and Discussion 

3.1 Testing the Solar Panel Characteristics Curve 

Testing the characteristics of solar panels is carried out to see the value of the output voltage 

and current generated by the solar panels. The following are the results of tests carried out using 

different loads and different intensities. 

 

Figure 3. Current and Voltage characteristic curve 

 

 

Figure 4. Power vs Voltage characteristic curve 

 

In Figure 3 and Figure 4 above, are the characteristic curves of the solar panel test results using 

different loads, namely: 0.33 Ω, 0.39 Ω, 1 Ω, 1.8 Ω, 3.3 Ω, 3.9 Ω, 4.7 Ω, 6.8 Ω, 10 Ω, 12 Ω, 18 

Ω, 39 Ω, 56 Ω, 120 Ω, 150 Ω, and 220 Ω. And also the test is carried out by adjusting the light 

intensity of 200 W/m
2
, 400 W/m

2
,600 W/m

2
, 800 W/m

2 
dan 1000 W/m

2
. Then the data obtained 

in the form of a graph between Current vs Voltage and Power vs Voltage. Where the maximum 

power obtained from the curve is 75,144 watt.  

3.2 Solar Panel Efficiency 

Solar panel efficiency is the ratio between the output power and the input power, where the 

output power is the product of the voltage and current, while the input is the product of the 

surface area and the intensity. So, from the data that has been obtained, it can be concluded that: 

 = 
    

   
×100%  (1) 
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I (intensity) : 1000 watt/m
2
 

A  : 0.125 m ×0.125 m ×36=0.5625 m
2   

average Pout : 75,144 W 

Then the efficiency value of the solar panel is: 

 = 
            

   
 x 100% 

 

= 
      

             
 x 100% 

 = 13,35% 

3.3 PT P&O efficiency 

From the data generated using MPPT P&O, the average value of the input voltage is 17.65 V, 

the average value of the output voltage is 18.75 V, the average value of the input current is 3.08 

A, the average value of the output current is of 2.48 A. Then the average value of the input 

power is 54.36 W and the average value of the output power is 46.5 W. 

So that the value of efficiency is obtained: 

 =  
    

   
x 100 %  (2) 

 

   = 
     

     
x 100 % 

 

   = 85,53 % 

 

Then the power efficiency using MPPT is 85,53 %. 

 

3.4 Thermoelectric Performance Coefficient 

In this study, TEC1-12706 was used with the following spacification based on the data sheet: 

Working Voltage : 0-15,2 V DC 

Working Current : 6 Ampere 

Pmax   : 91,2 Watt 

Dimension  : 4 cm x 4 cm x 4 cm 

Weight   : 25 g 

   

When the TEC is powered by a voltage of 12 V and a current of 5A it will have a temperature 

difference between 5 on the cold side to 200 
o
C on the hot side, this can cause damage if the 

heat of the tool is not disposed of properly, therefore the tool used uses a pump to running water 

continuously as a heat dissipator and a waterblock as an equivalent which is connected to the 

cold side of the test chamber and the hot side of the water storage block [18]-[20]. 
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= 

Fig 5. Graph of Temperature Drop 

 

The graph above shows the process of decreasing the temperature in the test room with room 

dimensions of 0.2m×0.2m×0.2m (0,008m
3
) with the initial temperature set at 10℃. The heat 

absorbed by the cold side: 

QL=[     
 

 
     (    )]  (3) 

QL =         

Heat absorbed by the hot side: 

QH=[     
 

 
     (     )] (4) 

QH = 12,59   

Total Energy Supplied: 

W = QH – QL (5) 

W = 12,59 – (-3,77) = 16,37 J 

COP calculation: 

COP = QC/Total Energi (W)  (6) 

COP = 
    

     
 =        

     = 23,07% 

 

3.5 Overall Efficiency Performance of Power-Based System Solar Panel 

Based on all the data that has been obtained, we can calculate the overall performance efficiency 

of the system by calculating the solar panel efficiency, mppt efficiency, and the coefficient of 

Thermoelectric Performance as follows: [12] 

         =    ×     ×    ×100% (7) 

 = 13,35%×85,53%×23,07%×100% 

 

=  
     

   
 

     

   
 

     

   
      

= 0.1335×0,8553×0,2307×100% 

= 2,63% 
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4 Conclusion 

From the results of research conducted, the efficiency value of the solar panels used is 13.35%. 

The efficiency of solar panels is low which is caused by the reflection of light back into the air 

and is influenced by the intensity of sunlight. The value of the efficiency of the MPPT system 

tool is 85.53%. The MPPT efficiency value from this study can track the optimum power from 

the solar panel output. TEC cooling system coefficient value is 23.07%. The TEC coefficient 

value is relatively low due to the power supplied to the TEC cooling system is partly wasted on 

the side of the hot room. And the entire power supply system with an efficiency of 2.63%. From 

the results of research conducted, the lowest temperature point value obtained from the Thermo 

Electric Cooler (TEC) cooling system is 10 °C from the initial room temperature of 25.06 °C. 

And the time it takes to reach that temperature point is 26 minutes 55 seconds. 
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