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ABSTRAK

Pemanfaatan Pembangkit Listrik Tenaga Surya (PLTS) sebagai sumber
energi terbarukan terus mengalami perkembangan, namun sistem pemantauan
penggunaan energi pada PLTS skala rumah tangga masih memiliki keterbatasan
karena belum dapat dilakukan secara real-time dan jarak jauh. Penelitian ini
bertujuan untuk merancang dan mengimplementasikan sistem pengukuran
pemakaian energi pada PLTS hybrid berbasis Internet of Things (IoT)
menggunakan mikrokontroler ESP32. Sistem yang dikembangkan memanfaatkan
sensor PZEM-017 untuk mengukur parameter kelistrikan DC pada panel surya dan
baterai, serta sensor PZEM-004T untuk mengukur parameter AC pada sisi keluaran
inverter. Data hasil pengukuran diproses oleh ESP32 dan dikirimkan melalui
jaringan internet sehingga dapat ditampilkan secara real-time pada aplikasi
monitoring berbasis Kodular. Pengujian dilakukan terhadap proses pengisian dan
pemakaian baterai, efisiensi inverter, Automatic Transfer Switch (ATS), serta
performa sistem PLTS pada kondisi off-grid dan hybrid.

Hasil penelitian menunjukkan bahwa sistem yang dirancang mampu
melakukan pengukuran arus, tegangan, daya, dan energi listrik secara real-time
dengan tingkat pembacaan yang mendekati alat ukur pembanding. Sistem
monitoring juga mampu mengirimkan data secara stabil sehingga kondisi panel
surya, baterai, dan inverter dapat dipantau dari jarak jauh melalui dashboard
aplikasi. Implementasi sistem ini memberikan kemudahan bagi pengguna dalam
memantau konsumsi energi, mendeteksi perubahan kondisi sistem lebih cepat, serta
mendukung pengelolaan energi listrik pada PLTS hybrid skala rumah tangga
menjadi lebih efektif dan efisien. Penelitian ini diharapkan dapat menjadi salah satu
referensi dalam pengembangan sistem monitoring energi berbasis Internet of
Things untuk mendukung pemanfaatan energi terbarukan di Indonesia.

Kata kunci: PLTS Hybrid, Internet of Things (10T), ESP32, PZEM-017, PZEM-
004T, Monitoring Energi, Kodular.
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ABSTRACT

The utilization of Solar Power Plants (PLTS) as a renewable energy source
has continued to grow. However, energy consumption monitoring systems for
residential-scale hybrid solar power systems are still limited because they cannot
provide real-time and remote monitoring. This study aims to design and implement
an Internet of Things (loT)-based energy monitoring system for a hybrid solar
power system using an ESP32 microcontroller. The proposed system employs a
PZEM-017 sensor to measure DC electrical parameters on the solar panel and
battery, while a PZEM-004T sensor is used to measure AC electrical parameters at
the inverter output. The measured data are processed by the ESP32 and transmitted
via the internet, allowing users to monitor the system in real time through a
Kodular-based mobile application. The system was tested under battery charging
and discharging conditions, inverter efficiency, Automatic Transfer Switch (ATS)
operation, and the performance of the hybrid solar power system in both off-grid
and hybrid operating modes.

The experimental results indicate that the proposed system is capable of
measuring voltage, current, power, and electrical energy in real time with
measurement results that are comparable to those obtained using standard
measuring instruments. In addition, the monitoring system successfully transmits
data continuously, enabling users to remotely observe the operating conditions of
the solar panels, batteries, and inverter through the mobile dashboard. The
implementation of this system provides a practical solution for monitoring
household energy consumption, improving the efficiency of energy management,
and enabling early detection of changes in system performance. It is expected that
this research can serve as a reference for the future development of loT-based
energy monitoring systems to support the wider adoption of renewable energy
technologies in Indonesia.

Keywords: Hybrid Solar Power System, Internet of Things (IoT), ESP32,
PZEM-017, PZEM-004T, Energy Monitoring, Kodular.
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