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This research aimed to develop an electricity consumption monitoring
system using Intermet of Things (loT) technology and to evaluate its
performance. The developed system integrates three PZEM-004T
sensors to measure key electrical parameters, including voltage, current,
power, energy accumulation, frequency, and power factor. These
sensors are connected to an ESP32 microcontroller, which collects and
transmits data wirelessly to Google Sheets using Google Apps Script. The
collected data is then visualized in interactive graphs via Google Looker
Studio. A purposive sample of 10 experts was selected to evaluate the
system using a questionnaire. Data was analyzed using mean and
standard deviation. The results indicate that the system effectively
captures real-time energy consumption data and presents clear trends
through a user-friendly dashboard, supporting systematic energy-saving
planning. The overall performance was rated at the highest level (X =
4.58, S.D. = 0.18), reflecting high accuracy, stability, and suitability for
implementation in educational and office environments. The findings
suggest that the system can be effectively applied in organizational
energy management to enhance efficiency and significantly reduce long-
term energy costs. Furthermore, it serves as a concrete and effective
prototype for loT-based energy monitoring system development.
Keywords: Electricity Consumption Monitoring System, Internet of Things,
ESP32, Google Looker Studio
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4. NTOULUIANIIUIVY (Conceptual Framework)
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Research Process
Input Variables

- ESP32 Microcontroller board
- PZEM-004T Energy measurement sensor

- Programming the controller ESP32 collects data from the
PZEM-004T sensor
- Data transmission Data is sent to Google Sheets via

- Wi-Fi Wireless connectivity Google Apps Script

- Google A Script Dat. i
0081€ AApps Script Yata processing - Dashboard design Real-time visualization using Looker Studio

v

Output Variables
- Electrical Energy Monitoring System Operable

Evaluation

-System performance evaluation by experts in four areas

1) Accuracy and efficiency in measuring electrical energy #—— in an actual educational institution environment

2) Efficiency in data transmission to the database - Capable of data visualization Including

3) Security, durability, and functionality of the hardware monthly and hourly charts

system - Capable of data analysis and Communication

4) Efficiency in visualizing reports via dashboard platform Supporting efficient energy usage planning

Figure 1. Conceptual Framework
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Figure 2. Devices and sensor connection (a) and a fully functional device (b).
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Figure 3. Data logging to Google Sheet (a) and dashboard visualization via Looker Studio (b)
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Table 1. The evaluation results of the efficiency of an electrical energy consumption monitoring system

using Internet of Things.

ID Evaluation Item X S.D. Level
1. Accuracy and Efficiency in Electrical Energy Measurement
1 The system can accurately measure voltage. 4.00 0.75 High
2 The system can accurately measure current. 4.00 0.82 High
3 The system can accurately measure electrical power. 4.50 0.58 High
4 The system can accurately measure the power factor. 4.50 0.55 High
5  The system can quickly detect voltage fluctuations. 4.00 0.71 High
6  The system can continuously measure energy without interruption. 4.50 0.52 High
7 The system can accurately measure electrical frequency. 5.00 0.00  Highest
8  The system can record measurement data. 450  0.61 High
9  The system can display measurement data in an easy-to-understand  4.50 0.67 High
format.
Mean 438  0.25 High
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Table 1. The evaluation results of the efficiency of an electrical energy consumption monitoring system
using Internet of Things. (Cont.)

ID Evaluation Item X S.D. Level
2. Efficiency of Data Transmission to the Database
1 The system can transmit data to the database quickly. 5.00 0.00 Highest
2 The system can transmit data to the database stably. 4.50 0.53 High
3 Electrical status data transmitted to the database is complete and 4.50 0.58 High
accurate.
4 Stored data in the database is well-organized and easily retrievable.  4.50 0.67 High
5  The system can sufficiently store historical data with backups. 4.50 0.71 High
6  The system can handle large volumes of data simultaneously. 4.50 0.76 High
7 The system can connect to the network stably. 5.00 0.00 Highest
Mean 4.64 0.19 Highest
3. Security, Durability, and Hardware Performance
1 Hardware is safe for users. 5.00 0.00 Highest
2 Hardware is durable against environmental conditions. 5.00 0.00 Highest
3 Hardware has short-circuit protection. 5.00 0.00 Highest
4 Hardware has overload protection. 5.00 0.00 Highest
5  Hardware has long service life. 4.50 0.71 High
6  Hardware is easy to maintain. 4.50 0.76 High
Mean 483 0.20 Highest
4. Efficiency of Dashboard Reporting from the Platform
1 The platform displays data clearly and understandably. 500  0.00  Highest
2 The platform provides appropriate graphical representations. 4.00 0.89 High
3 The platform can export data to Excel or CSV files. 4.50 0.67 High
4 The platform can display historical data. 4.00 0.82 High
5  The platform can be accessed from various devices. 5.00 0.00 Highest
6  The platform provides real-time data updates. 4.50 0.58 High
Mean 450 0.15 High
Mean in Overall 458 0.18 Highest
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