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Abstract. The heat dissipation of a system has been observed. In this study, the Arduino 

Nano as a microcontroller of web based rainfall gauge calibrator will be analyzed through 

the application of an automatic pump, the DHT22 sensor as a detector for temperature 

change on the microcontroller on standby for 5 minutes and operate for 55 minutes. 

Electrical energy can be obtained from voltage and current measurements using a 

multimeter and heat energy can be obtained from temperature changes detected by the DHT 

22 sensor. The temperature sensor readings are displayed from the microcontroller to the 

PC into the PLX-DAQ application as an interface. From the results of observations and 

calculations, the data obtained on the percentage of electrical energy dissipation into heat 

energy has 4 stages, that is on standby 8.9%, from the end of standby to operate at 1.0%, 

transition 0.2%, and ideal stable 0.1%-0% . After 20 minutes until finished operating shows 

an ideal stable state. This is due to the microcontroller heat dissipation and energy absorbed 

by the ambient is the same. 
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1 Introduction 

Global warming occurs as the Earth's surface temperature continues to rise, quoted from 

NASA's Goddard Institue for Space Studies (GISS), where the Earth's temperature had risen by 

nearly 1°C in 1880. This increase will continue until it reaches more than 2°C by 2030 [1]. The 

causative factor of global warming is the inefficient use of electrical energy [2]. Inefficient use 

of electrical energy will result in energy dissipation [3]. Energy dissipation is the wasted energy 

of a system. Any energy that is not transferred to energy storage will be wasted into the 

environment. Energy wasted in a system often occurs in the form of heat. Heat energy wasted 

into the atmosphere will be the cause of global warming [4]. Technological developments have 

brought tremendous benefits to facilitate human activity. One form of development of this 
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technology is the use of microcontrollers. Microcontroller is a chip that looks like an IC 

(Integrated Circuit) [5].  

The use of microcontrollers is increasingly evenly distributed in all areas, one of which is 

calibration. Calibration is a process to compare measuring instruments with their standards with 

various methods at national and international standards [6]. Calibration is performed on various 

measuring instruments such as rainfall gauges. Rainfall gauges are important in calibration at 

least twice a year. Until now there are four types of calibration methods of rainfall gauges used 

to calibrate rainfall gauges, namely The Static calibration method, The Dynamic calibration 

method by Calder and Kidd (1978), The Automated Dynamic Calibration method by Humphrey 

and Istok (1997), and The web based calibration method by Wijonarko et al. (2017) [7]. A web-

based rain gauge calibrator is a tool to calibrate rain gauges whose results can be downloaded 

from the web. This calibrator uses a microcontroller as a control system in its calibration 

process. In this study will be done measurement of changes in temperature, voltage, and current 

in microcontroller at standby and operate by using sensors that serve to convert physical 

magnitude into proposional electricity [8] with DHT22 sensor type and multimeter through 

relay program as switch on automatic pump. The pump moves the fluid due to pressure 

differences. [9] Therefore, this measurement is carried out to analyze the dissipation of 

electrical energy into heat energy in the controlling system used by web-based rainfall 

callbrators. 

2 Methods  

The system block diagram shown in Figure 1 consists of 2 systems that have inputs. The first 

system input is DHT22 sensor as temperature change detector in the form of digital signal [10] 

microcontroller and the second system input is relay as controller ON/OFF [11] peristaltic pump 

and load for microcontroller to be tested. The part that processes sensor data and relay work is 

Arduino Nano by micro USB programming [12]. DHT22 sensor will be read, calibrated, and 

converted into temperature value with Celsius unit [13]. Relay will work connecting the power 

source to the peristaltic pump. Peristaltic pumps can pump fluid in any direction by changing 

the direction of the roller rotation [14]. The resulting data of the received temperature change 

will be displayed automatically into Microsoft excel in real time with PLX DAQ application 

[15]. 
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Figure 1. Block Diagram of The System 

In this research, the experiment was conducted by using Arduino nano microcontroller as an 

object that will be studied dissipation of electrical energy into heat energy when standby for 5 

minutes and this tool can operate for 55 minutes, this is explained in Figure 2.  

 

Figure 2. Research Flowchart 

Arduino Nano is a small microcontroller development board based on the ATMega328 

microcontroller [16]. Arduino Nano microcontroller testing is used to see changes in 

temperature, voltage, and current. Temperature changes are displayed in PLX-DAQ in Excel 

form which can then be processed for graphic form analysis [17]. Temperature changes are used 

to obtain heat energy values. Voltage in the form of Volt output by parallel method and current 

in the form of Ampere output with series method measured using multimeter [18]. Then the 

result of voltage and current changes are used to get the value of electrical energy. Calculation 

of the percentage value of the dissipation of electrical energy into heat energy in 

microcontrollers can be known by using equation 1 as the calculation of electrical energy, while 
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equation 2 as the calculation of heat energy, and equation 3 as the calculation of the percentage 

of dissipation of electrical energy into heat energy [19].                                                                 

   E = V.I.t            (1) 

  Q = m.c.ΔT   (2) 

              % = 
 

 
 x100%  (3) 

Description: 

V = Voltage (Volt) 

 I =  Current (Ampere) 

 t =  timing (detik) 

m = microcontroller mass (Kg) 

c = Specific heat ( J/Kg ˚C ) 

ΔT = Temperature changes (˚C) 

3 Result and Discussion 

This research was conducted to analyze the percentage of dissipation of electric energy 

to heat energy on a microcontroller from standby to stable operation and to find out 

when the dissipation of electrical energy into heat energy is stable during operation. 

This can be seen based on changes in temperature, voltage, and current with time. 

 

 

 

 

 

 

 

Figure 3. Graph of average temperature changes to time 

 

Figure 3 shows that at standby at 0-5 minutes the temperature change of 0.65°C is relatively 

higher than when the microcontroller was operating. At the time of operation, the temperature 

change is lower and stable which is 0.02°C because the microcontroller can release heat so that 

the energy absorbed by the ambient is the same. The (-) sign of the temperature change is a 

decrease in the temperature from a stable state. 
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Figure 4. Changes in voltage and current over time 

Measurement of microcontroller voltage by parallelly connecting multimeter positive cable with 

VCC microcontroller and negative cable multimeter with GND microcontroller can be done to 

measure microcontroller current by connecting serial positive cable multimeter with 5V adapter 

and negative cable multimeter with VCC microcontroller. Figure 4 shows that the voltage 

decreases steadily and the current increases steadily. 

 

Figure 5. electrical energy calculation results 

Figure 5 shows the increase in electrical energy to a stable state. At the interval of 0-5 minutes 

produces electrical energy of 25.755 Joules in the standby position that is microcontroller is not 

given a load, at a time interval of 5-10 minutes there is an increase in electrical energy to 

131.684 Joule. This happens because the microcontroller is already connected to the load 

resulting in a larger current to run the relay module which affects the amount of electrical 

energy. Furthermore, electrical energy is relatively stable despite the decrease in electrical 

energy. Factors that cause uncertainty in measurement are Human error, measuring instruments, 

etc [20]. 

 

 

 



Journal of Technomaterial Physics Vol. 3, No. 1, 2021 | 57-64 62 

 

Figure 6. Results of heat energy calculation 

 

Electrical energy can turn into heat energy in four stages, namely standby, end standby to 

operate, transitional state, and stability. Figure 6 shows the increase in heat energy to an ideal 

stable state. At intervals of 0-5 minutes produce heat energy of 2.3 Joules are on standby and at 

intervals of 5-10 minutes produce heat energy that is 0.7 Joule is at the end of standby until 

operation. Electrical energy does not fully heat up because it is used to operate the 

microcontroller against the relay as a load to turn on the pump so that the temperature rise when 

operating is smaller than when standby affects heat energy. Furthermore, heat energy is 

relatively stable because the heat energy of microcontrollers and energy absorbed by ambient is 

the same despite the decrease in heat energy. A sign of negative value in heat energy indicates a 

decrease in heat energy from an ideal stable state of heat energy. 

 

 

 

 

 

 

 

Figure 7. Calculation of the percentage of dissipation of electrical energy into heat energy 

Figure 7 shows that the percentage of energy dissipation in standby increased by 8.9%, at the 

end of standby until operating 1.0%, in a transitional state of 0.2%, and stable state of 0.1% - 

0%. 
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4 Conclusion 

The percentage of electricity dissipation into heat energy on standby state from 0 to 5 minutes 

increased by 8.9%. After the dissipation of electrical energy is connected with a series of pumps 

at a time of 5-10 minutes there is a dissipation of 1%. This situation is smaller than the previous 

state until it becomes stable. The dissipation of electrical energy into heat energy can be stable 

when the microcontroller is operating after 20 minutes to 60 minutes or finishes operating. 
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