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Abstract— Saving electrical energy is an obligation for campus operational activities. Based on the Regulation of the Minister of 

Energy and Mineral Resources Number 13 of 2012 concerning Efficient Electricity Consumption in State Buildings, the POLMED 

campus is obliged to carry out this mandate. For this reason, efforts are needed to support saving electricity. One of them is the use of 

alternative sources of electricity other than the primary source of electricity from PLN. This alternative source of electricity uses solar 

panels. The output of this device must be able to monitor its stability. The amount of power used must also be monitored to find out how 

much the savings are in terms of costs. This system must be able to acquire data and monitor the Power Consumed and the measurement 

results can be displayed in real time and can be accessed anytime and anywhere. This system uses IoT-based components to connect to 

the internet. The results of this study are expected to be a reference in managing electrical energy efficiency at the campus. 

 

Index Terms— saving electricity, solar panels, data acquisition, monitoring power consumption. 

 

I. INTRODUCTION 

Saving electrical energy is a necessity for campus 

operational activities. Based on the Regulation of the 

Minister of Energy and Mineral Resources Number 13 of 

2012 concerning Efficient Electricity Consumption in State 

Buildings, Office Homes, Public Street Lighting, Decorative 

Lights, and Billboards [1]. The campus of Politeknik Negeri 

Medan is one of the state-owned buildings. For this reason, 

the POLMED campus must carry out this mandate in all 

sections/units, namely academics, infrastructure, and 

buildings. 

The building sector, such as study rooms, offices, libraries, 

laboratories, commercial premises, and workshops, requires 

the highest consumption of electricity. The utilization of air 

conditioners (AC) is the highest consumption of electrical 

energy (57%), lighting (19%), lifts and pumps (18%), and 

other equipment (6%) [2]. Energy consumption is often 

wasteful and not productive. There is a tendency to be 

extravagant user behavior. Several campuses have taken 

steps to save energy, namely optimizing energy-saving 

devices and providing energy-saving guidelines to change 

user behavior [3].  

Research has also been conducted to find out how far the 

level of knowledge, attitudes, and behavior influences energy 

consumption [4]. Wasteful behavior is the biggest factor that 

has a negative impact on energy consumption. The 

inefficiency of energy consumption is also caused by the 

cheap energy policy implemented by the Government of 

Indonesia [5]. In general, all users must consider that saving 

electrical energy must be supported by efficient behavior and 

equipment technology. 

One of the energy-saving and sustainable technologies is 

the source of electrical energy from solar panels. Solar panels 

convert sunlight into a source of electrical energy. Solar 

panels can replace primary electricity sources such as PLN. 

However, the output of this device must be able to be 

monitored to see the stability of the output parameters such as 

Voltage, Current, Power, Power Consumed, and Time. These 

data can be added to the Tariff parameter in order to see how 

much the savings/efficiencies are in terms of costs. 

For this reason, it is necessary to design a data acquisition 

and monitoring system for these parameters. The design of 

this system consists of hardware and software. The hardware 

design will implement a wireless sensor network (WSN), 

ESP32 microcontroller as an IoT component, access point, 

relay, and other supporting components. Software design 

uses C++ programming, web programming (PHP and 

HTML), and web display templates using Grafana. Data 

storage using thingspeak technology-based cloud. 

Data on the used power load will be acquired and 

monitored with a web-based service so that it can be accessed 

anytime and anywhere. Data is collected on idle time and 

operating hours. The collected data will be analyzed to 

predict savings in electricity consumption when using solar 

panels. The results of this study are expected to be a reference 

in managing electrical energy efficiency at the campus. 

The formulation of the problem in this research is how to 

acquire data and monitor Power Consumed. This system is 

used to see the stability of the output and the power used from 

the solar panel power source. 

The limitations of this study are the data acquisition and 

Power Consumed monitoring system using IoT-based 
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components such as the SIM7600 communication module, 

ADC module, ESP32 Microcontroller, and WSN. 

Information about the amount of Power Consumed can be 

accessed and displayed in real-time via the internet. 

The objectives of this research are:  

1.  To build a Power Consumed monitoring data 

acquisition system as a solution for saving 

electricity use on the POLMED campus. 

2.  Building a Data Acquisition monitoring system for 

Utilized Power as a monitor for the output stability 

of solar panels.  

3.  Utilizing Green Technology for alternative sources 

of electrical energy so that the Sustainable 

Development Goals on electrical energy sources can 

continue. 

II. THEORETICAL REVIEW 

A. Internet of Things Concept 

The internet industry is the new paradigm in global 

network technology, also known as the Internet of Things 

(IoT). Future technology is the most important focus in 

various industrial fields. This IoT implementation makes it 

easier to carry out operational systems for every part of the 

device/machine and devices that are connected through this 

network and work together [6].  

The IoT concept provides broader benefits for devices that 

are continuously connected to the internet network, for 

example, electronic devices or other objects that are 

implanted with sensors and prepared to be actively connected 

widely both locally and globally [7].    

B. Microcontroller ESP32 

The ESP32 microcontroller is a microcontroller produced 

by Espressif System which is equipped with a wi-fi module 

on the chip so that it supports the Internet of Things (IoT) 

applications [8]. ESP32 microcontroller with input output 

pins complete with their designations. 

The CPU used on the ESP32 microcontroller is a type 

Xtens dual-core LX6 - 160MHz. This is a differentiator from 

previous generations. This CPU is faster in processing 

instructions embedded in the chip. In addition, the ESP32 

microcontroller is supported by wi-fi and Bluetooth. 

In designing the control system, it will be easier and more 

efficient if you use the ESP32 microcontroller [9].  In 

addition, there are more output input pins compared to the 

previous generation, and are more power efficient [8].   

C. SIM 7600 

SIM 7600 is a module that can support LTE (Long Term 

Evolution) wireless communication mode. This 

communication module also integrates several GNSS (Global 

Navigation Satellite Systems) systems for high-accuracy 

satellite positioning, with several built-in network protocols. 

 

SIM7600 is a solution for Multi-Band 

LTE-TDD/LTE-FDD/HSPA+/TD-SCDMA and Dual-Band 

GSM/GPRS/EDGE modules in SMT type supporting LTE 

CAT4 up to 150 Mbps for downlink data transfer. It has 

strong extension capabilities with multiple interfaces 

including UART, USB2.0, SPI, I2C, GPIO, etc. With 

common application capabilities such as 

TCP/UDP/FTP/FTPS/HTTP/HTTPS/SMTP/POP3 and 

MMS, this module also provides a great deal of flexibility 

and easy integration for customer applications. of SIM7600. 

III. METHOD 

A. Research Stages 

In this study, there are 7 stages that will be carried out. 

These stages are: 

1. The first stage is a literature study of the references 

that will be used in this study. 

2. The second stage is designing the hardware data 

acquisition system and monitoring power 

consumption. 

3. The third stage is the design of software for the 

ESP32 microcontroller and web programming. 

4. The fourth stage is hardware manufacture. At this 

stage, the main components and supporting 

components are designed and assembled into an 

integrated circuit. 

5.  The fifth stage is software development. The data 

acquisition and power consumption monitoring 

system program is embedded in the ESP32 

microcontroller chip and web programming is done 

on a laptop. 

6. The sixth stage is the overall system testing of the 

data acquisition system and Utilized Power 

monitoring. 

7. The seventh stage is the analysis of the measurement 

results of the power used. 

B. Research Site 

The location of research was carried out in the 

Telecommunications Laboratory and in Building C of the 

Medan State Polytechnic. 

C. Measurement and Observation Parameters 

The parameters to be measured in this study are Voltage 

(Volts), Current (Amperes), Power (Watts), Power 

Consumed (W), and Time (Minutes). 
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IV. RESULTS AND DISCUSSION 

A. Figures and Tables 

 
Figure 1. Results of Experiment I 

Table I. Measurement Results 30 Minutes 

 

Table 1. Experimental Results I 

 
Figure 2. Results of Experiment II 

Table II. Measurement Results 60 Minutes 

 

Table 2. Experiment II Results 

In this first experiment, Di got a comparison of the length 

of the delay, which is from the range of 3 to 6 seconds. Figure 

1 is the result of experiment I. And from the measurement for 

30 minutes, the measurement data is obtained by simplifying 

by taking the average every 5 minutes. It can be seen in table 

1. From the data table 1, it can be drawn the average value for 

30 minutes of measurement, namely Strong current = 0.017 

A; Mains voltage = 11.843 V; electric power = 0.16 W. 

In the second experiment, Di got a comparison of the 

length of the delay, which is from the range of 3 to 6 seconds. 

Figure 2 is the result of experiment II. And from the 

measurement for 60 minutes, the measurement data is 

obtained by simplifying it by taking the average every 10 

minutes. It can be seen in table 2. From the data in table 2, it 

can be drawn the average value for 60 minutes of 

measurement, namely Strong current = 0.016 A; Mains 

voltage = 11.843 V; electric power = 0.23 W. 

This is appearance of website monitoring system of power 

consumption as Figure 3 below.  

 
Figure 3. Website of the monitoring system of power 

consumption 

V. CONCLUSION 

Based on the research results from the Solar Panel 

Monitoring System, it can be concluded that; The hardware 

used to measure current and electric power and then send it to 

the database has been successfully created. Software that 

aims to media information on voltage, current, and electric 

power has been successfully made and can run smoothly. The 

system can work on solar panels with a voltage of 1V to 25V. 

When using a load the voltage decreases, and the current 

strength increases. And when not using a load the voltage 

increases, the current strength decreases. Solar panel 

monitoring can only be done in a place with an available 

internet network (WiFi). Solar panel monitoring can be done 

in real time using smartphones, laptops, computers and other 

devices that can access the internet. 

 



      ISSN (Online) 2394-6849 

International Journal of Engineering Research in Electronics and Communication Engineering 

(IJERECE) 

Vol 10, Issue 1, January 2023 

13 

REFERENCES 

[1] D. Mulyani and D. Hartono, "Pengaruh efisiensi energi listrik 

pada sektor industri dan komersial terhadap permintaan listrik 

di Indonesia," Jurnal Ekonomi Kuantitatif Terapan, pp. 1-17, 

2018. 

[2] R. Saidur, "Energy consumption, energy savings, and 

emission analysis in Malaysian office buildings," Energy 

policy, vol. 37, no. 10, pp. 4104-4113, 2009. 

[3] S. Samsuddin, S. Suriadi, and Y. Away, "Audit Dan Optimasi 

Energi Listrik Pada Bangunan Kampus Menggunakan Metode 

Algoritma Genetika," Jurnal Nasional Komputasi dan 

Teknologi Informasi (JNKTI), vol. 2, no. 1, pp. 31-37, 2019. 

[4] S. Sunardiyo, "Survey of Energy Conservation Behavior 

Measures for the Academic Community on Campus: A Case 

in Semarang State University, Indonesia," Advanced Science 

Letters, vol. 23, no. 3, pp. 2305-2307, 2017. 

[5] D. Hakam and A. Asekomeh, "Gas monetisation intricacies: 

Evidence from Indonesia," International Journal of Energy 

Economics and Policy, vol. 8, no. 2, pp. 174-181, 2018. 

[6] I. Lee and K. Lee, "The Internet of Things (IoT): Applications, 

investments, and challenges for enterprises," Business 

horizons, vol. 58, no. 4, pp. 431-440, 2015. 

[7] F. Panduardi and E. S. Haq, "Wireless smart home system 

menggunakan raspberry pi berbasis android," Jurnal 

Teknologi Informasi Dan Terapan, vol. 3, no. 1, pp. 320-325, 

2016. 

[8] S. Espressif, "ESP32 Series Datasheet," Espressif Systems, pp. 

20-50, 2019. 

[9] Z. Budiarso and A. Prihandono, "Implementasi Sensor 

Ultrasonik Untuk Mengukur Panjang Gelombang Suara 

Berbasis Mikrokontroler," Dinamik, vol. 20, no. 2, 2015. 

AUTHORS PROFILE 

Zulfikar, born in Medan on February 18, 1969. 

The author now lives on Jl. Pirate II Link V no. 

28 A Medan. 

The author completed his undergraduate 

education at the Medan Institute of Technology 

in 1994 by taking the Department of Electrical 

Engineering, then continued his Master’s 

education at the University of North Sumatra (USU) graduating in 

2008 by taking the Department of Mechanical Engineering.  

Over the past 5 years, the author has conducted several studies 

entitled Design of a centrifugal portable pump in series to determine 

the strength of the amount of water pressure (2007), Characteristics 

of the strength and durability of concrete mixtures using silica 

powder for housing development (2014), Analysis of Over Current 

Relay Protection in Distribution Channels in GI. Titi Kuning (2015), 

and Speed Control for 3 Phase Induction Motor Using a 

Programmable Logic Controller (2018). 

 

Afritha Amelia, was born in Medan on April 

23, 1979. The author now resides on Jl. Pelita III 

No. 18 Medan. 

The author completed his undergraduate 

education at STTH Medan in 2002 by taking the 

Telecommunications Sciences Field, then 

continued his Master’s education at ITS 

Surabaya graduating in 2009 with the Multimedia 

Telecommunications Sciences Field. And continued his doctoral 

education at USU in the Field of Computer Science-Multimedia 

Wireless Sensor Networks. 

Over the past 5 years, the authors have conducted several studies 

entitled  Use of virtualization and load balanced as a substitute for 

physical server needs to improve access to digital library collection 

services (2013), Implementation of satellite GIS data and dynamic 

programs as a determinant of the shortest route path to support 

mobile communication lab materials (2014), Security of 

WEB-based login applications from Packet Sniffer with Javascript 

(2014), Serverless realtime communities communication: Towards 

realtime mobile multidimensional hierarchical graph neurons 

(2015), Design and manufacture of an RS 232 communication 

trainer using a computer and ATMEGA microcontroller (2016), 

Development of a measuring soil moisture with the concept of 

wireless sensors and web-based (2017), Smart Control of 

Temperature and Humidity Opak Drying Ovens (2019), Smart 

Control of Energy at Idle Time in the Lecture Building of the Medan 

State Polytechnic (2019), Combination of IoT and WSN 

Technologies for Monitoring Systems Real-Time Air Conditions 

Towards Medan Smart City (2019), IoT-MQTT For Air Condition 

Monitoring Integrated With Line App's Notifications (2020), 

Electrical Energy Consumption Detection and Control System 

Towards Smart Vocational Education (SVE) (2020), and Targets 

Tracking in Multimedia Sensor Networks (2021). 

 

Bakti Viyata Sundawa, born in Medan on 

December 20, 1977. The author now resides on 

Jl. New no. 29 Indraasih Medan. 

The author completed his D3 education at the 

Medan State Polytechnic in 1999 by taking the 

Field of Telecommunications Engineering, then 

continued his S1 education at STTH Harapan 

Medan graduating in 2006 with the Field of Informatics 

Engineering. And continued his Masters degree at USU graduating 

in 2011 with the Masters in Electrical Engineering.  

During these 5 years the authors conducted several studies entitled 

Serverless Realtime Communities Communication: Towards 

Realtime Mobile Multidimensional Hierarchical Graph Neuron 

(2015), Design of ESP32 Microcontroller-Based Roadsite Units for 

V2I (Vehicle to Infrastructure) Communication Systems (2019), 

Design of Level Monitoring Devices Internet of Things (IoT) Based 

Environmental Pollution (2020), Design of an ESP32 

Microcontroller-Based Vehicle Detection Tool (2020), Prototype of 

an IoT-Based Reservoir Water Level Monitoring and Control Tool 

(2021), Prototype of an Ultrasonic Sensor-Based Soil Contour 

Shape Detection Tool (2021), and Soil Analyzer Prototype with 

Long Range Communication Technology (LoRa) (2021). 

 

Muhammad Rusdi, born in Belawan on 

September 23, 1978. The author now resides on 

Jl. Pancasila Muslims at the End of the Land of 

Six Hundred, Medan Marelan. 

The author completed his Bachelor's degree at 

the University of North Sumatra (USU) in 2002 

by taking the Field of Telecommunications 

Engineering, then continued his Masters’s degree at the Sepuluh 

Nopember Institute of Technology graduating in 2009 with the Field 

of Telecommunications Engineering.  

Over the past 5 years, the author has conducted several studies 



      ISSN (Online) 2394-6849 

International Journal of Engineering Research in Electronics and Communication Engineering 

(IJERECE) 

Vol 10, Issue 1, January 2023 

14 

entitled Analysis of Voip Service (Qos) on Internet Networks 

(2014), Dualband Bandpass Filter Design for GSM 900 MHz and 

GSM 1800 MHz (2016), Electronic Equipment Control Systems 

Through Bluetooth Media Using Voice Recognition (2017), 

Utilizing Audio Ports on Smartphones to Generate Power Supply 

for Electronic Devices (2017), Arduino-Based Flood Early Warning 

System Via SMS Communication Media (2019), House Fire Early 

Warning System Using Fire, Smoke and Temperature Sensors 

Based on IoT (Internet Of Things) (2020). 

 

Noorly Evalina, born in Rantauprapat on July 

9, 1969. The author now resides on Jl. B 

Katamso gg. Merdeka 28 Medan. 

The author completed his Bachelor's degree at 

Al-Azhar University in 1993 by taking the Field 

of Electrical Engineering (Power Systems), then 

continued his Masters’s degree at the Sepuluh 

Nopember Institute of Technology graduating in 2012 with the Field 

of Electrical Engineering (Power Systems).  

During these 5 years, the author conducted several studies entitled 

Optimization of Reactive Power for Setting System Voltage Profiles 

Using Genetic Algorithms (2006), Using Laplace Transformation to 

Calculate Transients Occurring Due to Excitation in Generators 

(2012), Effect of Changes in Frequency on Induction Motor Speed 3 

Phase Using PLC Omron type CJ1M (2015), Analysis of 

Characteristics of Over Current Rele on Titi Kuning Distribution 

Channel (2015), Analysis of Changes in Speed of 3 Phase Induction 

Motor Using Inverter 3g3mx2 (2018), Design and Build of LPG Gas 

Leak Detector for Households Using the Atmega8 Microcontroller 

(2019). Implementation of the MQ6 Sensor based on the ATMEGA 

2560 microcontroller as a household gas leak detector (2020), and 

Implementation of Inverters in solar power plants (2021). 

 

AbdulAzis, born in Medan on March 19, 1965. 

The author now resides on Jl. Pelita III No. 18 

Medan. 

The author completed his undergraduate 

education at the Medan Institute of Technology 

(ITM) in 1990 by taking the Electrical Sciences 

Field, then continued his Masters’s degree at the 

Ganesha College of Economics (STIE) Jakarta graduating in 2003 

with a Human Resources Management Sciences Field. 

Over the past 5 years, the authors have conducted several studies, 

namely those entitled Efforts to increase the efficiency of electric 

power consumption by comparison of TL lamps, HE lamps, and 

incandescent lamps in simple houses (2011), and Design of a 

single-phase hydroelectric generator using a used induction motor 

for PLTMH (2013).  


