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ABSTRACT  

This paper presents a Smart Multi-App Harvester Energy Using Arduino for energy 

harvesting. The system consists of a few mechanical parts such as solar, thermal plate and 

dynamo (for kinetic) to harvest the energy. The objectives of the project are to harvest the 

wasted energy from the mechanical parts and used it as a backup and also as an alternative 

energy source to provide a small power supply. An Arduino is used as a controller to limit the 

power stored from the input. A boost converter will be used to covert a direct current to an 

alternating current. The harvested energy will be stored in a storage circuit, which consists of 

lithium ion battery. By using a voltage regulator, the input voltage is regulated to 5V and then 

amplified to 220V or remained at 5V for the output. The power stored from the harvested 

energy can for other device applications. 
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Energy harvesting can be defined as power harvesting or energy scavenging which is a 

process that captures small amounts of energy that would otherwise be lost as heat, light, 

sound, vibration or movement. It uses the captured energy to improve efficiency, enable new 

technology, etc. which provide significant economical and environmental impact. Energy 

harvesting utilizes naturally occurring sources of energy and converts them into forms that 

can be utilized in the normal ways. Traditionally, energy has been taken from coal, gas, fossil 

fuels etc. which are finite and environmentally costly. However, to ensure that greenhouse 

gasses and other forms of pollution are not created, energy harvesting techniques can be used 

to overcome the climate change and global warming. Although large wind [8] generators 

could be termed energy harvesting, this technology typically looks more at the forms of 

energy harvesting that provide small amounts of power for powering low-energy electronics.  

1.1. Energy Harvesting Sources 

There are a number of sources of energy that can be used for energy harvesting namely solar 

[12] power, thermal [11] energy, wind [15] energy, tide energy, kinetic [13] energy, etc. There 

is plenty of energy available within the environment. The challenge is to harvest or capture 

the energy and convert it into a usable format. Different types of waste [9] energy can be 

captured using different energy harvesting techniques. The most promising microscale energy 

harvesting technologies [1] in development including vibration, movement and sound can be 

captured and transformed into electrical power using piezoelectric [19] materials, heat can be 

captured and transformed into electrical power using thermoelectric and pyroelectric materials. 

1.2. Energy Harvesting Basics 

Energy harvesting technology aims to convert ambient energy into electrical energy that can 

be used for a variety of purposes. It has attracted a considerable degree of interest in wide 

application. Some systems convert motion such as ocean waves into electricity to be used by 

oceanographic monitoring [26] sensors [4] for autonomous [16] operation. Future applications 

may include high power output devices (or arrays of such devices) deployed at remote 

locations to serve as reliable power stations for large systems. Another application is in 

wearable [6-7] electronics where energy harvesting devices can power or recharge cellphones, 

mobile computers, radio communication equipment [18], etc. All of these devices must be 
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sufficiently robust to endure long-term exposure to hostile environments and have a broad 

range of dynamic sensitivity to exploit the entire spectrum of wave motions. 

1.3. Energy Harvesting Techniques 

There are many energy harvesting techniques that are available. The actual techniques to be 

employed will obviously vary according to the source and the form of energy to be harvested 

and also the load [10] to be supplied-some will be very small (e.g. remote wireless sensors [2], 

etc.) others will be much larger (e.g. to provide energy for motors, etc.). There are many 

technologies that can be used for energy harvesting such as RF energy harvesting, 

piezoelectric energy harvesting, thermo-electric energy harvesting, wind generators, solar 

cells, etc. 

1.4. Harvested Power Storage 

Often harvested power sources may not produce an even supply of power. Solar energy [3] or 

wind energy are two good examples of this. Unfortunately many loads need a constant supply 

of electricity otherwise they may cease to function when they are needed. 

In order to overcome this, power needs to be stored. There are a number of alternatives that 

may be used for power storage dependent upon the application / power requirement namely 

capacitor, super capacitor, rechargeable batteries, etc. 

This project proposes a green technology called Smart Multi-Application Energy Harvester 

using Arduino. It is a combination of several types of energy harvester circuits to recycle 

several types of natural energy. The circuit combination can be done using Arduino 

microcontroller. The project will store the harvested energy by using mechanical [5] part like 

solar panel, thermal plate and dynamo (for kinetic energy) as the input. This is an automatic 

technology where it harvests the energy during rainy or sunny weather. Energy will be 

harvested in both situations where solar panel and thermal plate are used in hot condition, 

while water turbine and wind turbine are used in rain [14] condition. 

The harvested energy is a DC power because it is directly from natural energy and need to be 

converted into AC using inverter. The harvested energy will be stored in the storage circuit 

which consists of lithium ion battery. The energy will be ready to be used after the harvesting 

process. It is usable by small type of electrical appliances, which need a little amount of 
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energy such as for charging. The project also can be as a backup source when there is a power 

outage or disruption. So, the project aims to reuse, reduce and recycle the wasted energy that 

commonly happens nowadays. It also helps the public to use it when needed as an alternative. 

 

2. METHODOLOGY 

2.1. System Overview 

 

Fig.1. Block diagram of proposed design 

Fig. 1 shows the block diagram of Smart Multi-Application Energy Harvester using Arduino. 

The mechanical part like solar panel, thermal and dynamo are used to harvest energy from 

natural energy. Then, it will be stored in the storage. Boost converter is used to convert the 

harvested energy from direct current source to alternating current source. The Arduino is used 

as a switch to control the capacity of harvest power in storage. The power from storage will 

amplify the power to 220V and 5V. The output for the project is to store the energy in a device 

or as a charger. 

2.2. Flow Chart 
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Fig.2. Flow chart of proposed design 

Fig. 2 shows the flowchart for the Smart Multi-Application Energy Harvester using Arduino. 

The project starts when the natural energy is harvested by solar panel, thermal, dynamo for 

kinetic energy and stored the power in lithium ion battery. The value of input is varied and the 

power need to be regulated to 5V storage. The period to charging the storage is limited to one 

hour, then will stop charging for one minute to avoid overheat. The function of Arduino is to 

control the capacity harvest power from mechanical part to store in storage. The output circuit 

needs to amplify the power from storage to 12V. The users are able to use the stored power 

through device or as a charger. The output of the project can be used neither in DC nor AC. 

2.3. Input Circuit 

 

Fig.3. Input circuit 

Fig. 3 is a combination of mechanical part as the input which are from solar panel, wind 

turbine, water turbine and also thermal generator. 
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2.4. Solar Panel Circuit 

 

Fig.4. Solar panel circuit 

The solar panels convert the sunlight into a usable amount of DC electricity. The DC 

electricity is fed to the storage via a voltage regulator. 

2.5. Wind and Water Turbine Circuit 

 

Fig.5. Wind turbine circuit 
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Fig.6. Water turbine circuit 

Both water and water turbines use dynamo. The turbine converts the kinetic energy into 

mechanical, then electrical energy. The harvested energy is fed to storage using voltage 

regulator. 

2.6. Thermoelectric Power Generator 

 

Fig.7. Thermoelectric power generator 

Thermoelectric generator will convert heat into energy, which applies Seeback effect. The 

Seeback effect produces an electric current when dissimilar metals are exposed to a variance 

in temperature. The voltage produced by thermoelectric generator or Seeback generator is 

proportional to the temperature [17] distance across between the two metal junctions.  
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2.7. Voltage Regulator and Storage Circuit 

 

Fig.8. Voltage regulator and storage circuit 

Harvested power is not same from various of inputs. The power at the storage circuit need to 

be regulated to 5V using voltage regulator.  

2.8. Boost Converter and Output Circuit 

 

Fig.9. Boost converter and output circuit 

The boost converter converts an input voltage to a higher output voltage. It is also called as a 

step up converter. The output of the boost converter circuit can be used for both types of 

currents, either DC or AC. 



Z. I. Rizman et al.           J Fundam Appl Sci. 2018, 10(1S), 689-704             697 
 

 

3. RESULTS AND DISCUSSION 

3.1. Results 

 

Fig.10. Measurement of voltage regulator 

 

Fig.11. Simulation result 

This circuit consists of various inputs. The value of each input is different. The value of input 
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power is amplified to 12V. The harvested energy will be stored in storage circuit. The 

maximum value of the storage circuit only 5V of power. Therefore, by using voltage regulator, 

the voltage is regulated to 5V. 

3.2. PCB Board Layout 

 

Fig.12. Complete circuit 

Fig. 12 shows a full circuit of Smart Multi-Application Energy Harvester using Arduino. The 

circuit consists of panel solar, wind turbine, water turbine and thermal generator. The 

harvested energy will be stored in storage circuit. Voltage regulator is used to regulate the 

power of input. Arduino in this circuit is used as a controller or a switch to the storage circuit. 

The period of charging the storage circuit is limited to one hour, then the charging process 

will stop for one minute to avoid overheating. This charging process will controlled by 

Arduino. Boost converter can supply large over voltage, they will always include some 

regulation to control [24-25, 28] the output voltage. However, it is important to remember that 

as. If the output voltage is increased, the available output current will decrease. The output 

can be in two types either DC or AC. So, user can used both.  
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Fig.13. Center view of prototype 

Table 1. Time taken to charge 1% of the storage circuit 

Current (A) Time (min) Rate of Charging 

1 30 200 mAh 1% 

0.5 57 200 mAh 1% 

0.3 95 200 mAh 1% 

0.1 285 200 mAh 1% 

0.05 570 200 mAh 1% 

 

Fig.14. Time (min) versus current (A) 
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Table 2. Percent of output discharge (%) 

Output  Discharge 

DC  (min) AC (min) 

1% 3% 

This circuit consist of varies input with different value, but is combine and amplified to 12V 

max at full potential. The harvest power will be stored in storage circuit (20000mAh) which 

can only feed 5V, so the voltage is regulated to 5V. The Arduino worked as controller [27] or 

switch to the storage circuit. When specific amount of time passed, Arduino will stop the 

storage circuit from charging. For the output circuit, voltage regulator is used to step down the 

voltage to 5V while inverter used to step up and covert it to AC which can supply 220V. As 

the result, the project called Smart Multi-Application Energy Harvester using Arduino 

successfully is demonstrated. Smart Multi-Application Energy Harvester using Arduino 

[20-21] is an automatic [22-23] technology, where either the weather neither hot nor rain. It 

will automatically harvest the energy. By using mechanical part like solar panel, thermal plate 

and dynamo (for kinetic energy) as the input, it will detect the daily weather and harvest the 

energy into electrical energy. The variation of weather condition affected the current 

generation at the input circuit. The input current affects the rate of charging. If the input 

current is high, the rate of charging will become faster. Low current flow will cause the 

shortage of power to operate AC devices properly. The output will be discharged in 

alternating current (AC) and direct current (DC). The storage will discharge 600 mAh (3%) 

from the storage circuit every 1 minute for AC output, while 200 mAh (1%) every minute for 

DC output. Lastly, the power can be used by user as a charger for any device. 

 

4. CONCLUSION 

In conclusion, the concept of reducing, reusing and recycling is correctly applied in this 

project. The aim to design this unique circuit is accomplished. The prototype works 

accordingly to the proposed idea. However, the operation varies as the components used for 

energy harvesting are low powered devices. There are several changes have been applied from 

the previous prototype to increase its performance. For the future research, some 
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improvements can be made by focusing on other types of energy harvesting source and 

devices which use different harvesting method.  

 

5. ACKNOWLEDGEMENTS  

The author would like to thanks Universiti Teknologi MARA (UiTM) Dungun, Terengganu, 

Malaysia for organizing an Electrical Engineering Student Conference and Exhibition 

(EESCE) 2017 exhibition and competition, where this circuit has been awarded a gold medal 

and certificate. 

 

6. REFERENCES 

[1] Priya S., Inman D. J. Energy harvesting technologies. New York: Springer, 2009 

[2] Ottman G K, Hofmann H F, Bhatt A C, Lesieutre G A. Adaptive piezoelectric energy 

harvesting circuit for wireless remote power supply. IEEE Transactions on Power Electronics, 

2002, 17(5):669-676 

[3] Raghunathan V, Kansal A, Hsu J, Friedman J, Srivastava M. Design considerations for 

solar energy harvesting wireless embedded systems. In IEEE 4th International Symposium on 

Information Processing in Sensor Networks, 2005, pp. 1-6  

[4] Kansal A, Hsu J, Zahedi S, Srivastava M B. Power management in energy harvesting 

sensor networks. ACM Transactions on Embedded Computing Systems, 2007, 6(4):1-38 

[5] Kim S, Choi S J, Zhao K, Yang H, Gobbi G, Zhang S, Li J. Electrochemically driven 

mechanical energy harvesting. Nature Communications, 2016, 7:1-7 

[6] Khalifa S, Hassan M, Seneviratne A. Step detection from power generation pattern in 

energy-harvesting wearable devices. In IEEE International Conference on Data Science and 

Data Intensive Systems, 2015, pp. 604-610 

[7] Lan G, Xu W, Khalifa S, Hassan M, Hu W. Transportation mode detection using kinetic 

energy harvesting wearables. In IEEE International Conference on Pervasive Computing and 

Communication Workshops, 2016, pp. 1-4 

[8] Asama J, Burkhardt M R, Davoodi F, Burdick J W. Design investigation of a coreless 

tubular linear generator for a Moball: A spherical exploration robot with wind-energy 



Z. I. Rizman et al.           J Fundam Appl Sci. 2018, 10(1S), 689-704             702 
 

 

harvesting capability. In IEEE International Conference on Robotics and Automation, 2015, 

pp. 244-251  

[9] Alzahrani H A, Black J J, Goonetilleke D, Panchompoo J, Aldous L. Combining 

thermogalvanic corrosion and thermogalvanic redox couples for improved electrochemical 

waste heat harvesting. Electrochemistry Communications, 2015, 58:76-79 

[10]  Purviance T, Wickler S, Clayson K, Barnes T, Mo C. Development of low-profile 

piezoelectric energy harvester for high load application. In 1st IEEE Conference on 

Technologies for Sustainability, 2013, pp. 120-125 

[11]  Virili M, Georgiadis A, Collado A, Niotaki K, Mezzanotte P, Roselli L, Alimenti F, 

Carvalho N B. Performance improvement of rectifiers for WPT exploiting thermal energy 

harvesting. Wireless Power Transfer, 2015, 2(1):22-31 

[12]  Hassanalieragh M, Soyata T, Nadeau A, Sharma G. UR-SolarCap: An open source 

intelligent auto-wakeup solar energy harvesting system for supercapacitor-based energy 

buffering. IEEE Access, 2016, 4:542-557 

[13]  Xu W, Lan G, Lin Q, Khalifa S, Bergmann N, Hassan M, Hu W. Keh-gait: Towards a 

mobile healthcare user authentication system by kinetic energy harvesting. In Network and 

Distributed System Security Symposium, 2017, pp. 1-15 

[14]  Sukhadeve V, Roy S. Advance agro farm design with smart farming, irrigation and rain 

water harvesting using Internet of Things. International Journal of Advanced Engineering and 

Management, 2016, 1(1):33-45 

[15]  Azevedo J, Mendonça F. Small scale wind energy harvesting with maximum power 

tracking. AIMS Energy, 2015, 3(3):297-315 

[16]  Beeby S., White N. Energy harvesting for autonomous systems. Massachusetts: Artech 

House, 2010 

[17]  Khan F, Razzaq S. Electrodynamic energy harvester for electrical transformer’s 

temperature monitoring system. Sadhana, 2015, 40(7):2001-2019 

[18]  Thiruchelvam V, Hammad C M, Medni S A. Design of controls, monitoring and a 

energy storage system for a energy harvesting gymnasium equipment. MATEC Web of 

Conferences, 2016, 78:1-6 



Z. I. Rizman et al.           J Fundam Appl Sci. 2018, 10(1S), 689-704             703 
 

 

[19]  Sodano H A, Park G, Inman D J. Estimation of electric charge output for piezoelectric 

energy harvesting. Strain, 2004, 40(2):49-58 

[20]  Rina A, Zairi I R, Nik N S N D, Syila I I, Rosmawati S, Mohamad H J. Design an 

automatic temperature control system for smart tudung saji using Arduino microcontroller. 

ARPN Journal of Engineering and Applied Sciences, 2016, 11(16):9578-9581 

[21]  Nawi B, Sulaini B, Mohd Z A, Shamsul A Z, Zairi I R. PID voltage control for DC 

motor using MATLAB Simulink and Arduino microcontroller. Journal of Applied 

Environmental and Biological Sciences, 2015, 5(9):166-173 

[22]  Dzulkefli N N S N, Abdullah R, Jaafar A N, Shafie R, Yassin I M, Rizman Z I, Abidin 

H Z. Design an automatic temperature control system based on PIC controller for smart 

ventilation fan. Journal of Fundamental and Applied Sciences, 2017, 9(3S):779-790 

[23]  Zairi I R, Kim H Y, Nuraiza I, Norizan M, Nur H R H. Design an automatic temperature 

control system for smart electric fan using PIC. International Journal of Science and Research, 

2013, 2(9):1-4 

[24]  Fadhli D M F, Tatang M, Zairi I R, Mohamad T M, Wan A K W C, Mohamad H J. 

Supervisory fertigation system using interactive graphical supervisory control and data 

acquisition system. International Journal on Advanced Science, Engineering and Information 

Technology, 2016, 6(4):489-494 

[25]  Mohamad T M, Ahmad S I, Zairi I R, Nuraiza I. Steering control method based on 

TSL1401 linear sensor array. ARPN Journal of Engineering and Applied Sciences, 2015, 

10(1):351-356 

[26]  Mohamad T M, Zairi I R, Wan A K W C, Fadhli D H M F. Fitness cycling device with 

graphical user interface based on IEEE 802.15.4 transceiver for real time monitoring. Journal 

of Applied Environmental and Biological Sciences, 2014, 4(12):108-114 

[27]  Noorsal E, Ibrahim I R, Rahim A F A, Rizman Z I. Multilevel inverter switching controller 

using a field programmable gate array (FPGA). Journal of Fundamental and Applied Sciences, 

2017, 9(6S):684-709 

[28]  Noorsal E, Sooksood K, Xu H, Rizman Z I. An external control unit implemented for 

stimulator ASIC testing. Journal of Fundamental and Applied Sciences, 2017, 9(6S):710-734 



Z. I. Rizman et al.           J Fundam Appl Sci. 2018, 10(1S), 689-704             704 
 

 

 

How to cite this article: 

Rizman ZI, Hashim FR, Yassin IM, Zabidi A, Zaman FK, Yeap KH. Smart multi-application 

energy harvester using arduino. J. Fundam. Appl. Sci., 2018, 10(1S), 689-704. 

 

 

 


