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ABSTRAK

Konsumsi energi listrik pada hunian apartemen cenderung tidak terpantau
secara per ruangan karena meteran kWh analog hanya mencatat total konsumsi
keseluruhan tanpa informasi distribusi daya per zona secara real-time. Penelitian ini
merancang sistem pengaturan dan monitoring beban listrik apartemen berbasis IoT
menggunakan mikrokontroler ESP32, sensor PZEM-004T, sensor infrared, dan
modul relay 4 channel pada prototype miniatur apartemen empat zona ruangan.
Sistem mampu mengukur tegangan, arus, daya aktif, dan energi kumulatif secara
independen per ruangan, dengan pengendalian beban melalui mode otomatis
berbasis sensor infrared maupun mode manual via aplikasi Blynk pada smartphone.
Data monitoring dikirim ke platform Blynk untuk pemantauan real-time dan ke
Google Spreadsheet sebagai penyimpanan data historis setiap 5 menit. Hasil
pengujian menunjukkan rata-rata error pengukuran tegangan 0,98%, arus 2,49%,
dan daya aktif 1,71%, seluruhnya dalam batas toleransi spesifikasi. Sensor infrared
mencapai keandalan 100% dengan respons relay kurang dari 200 ms, dan sistem
kontrol jarak jauh via Blynk berhasil diuji pada jarak 1,7 km dengan latensi kurang
dari 1 detik. Analisis pola konsumsi harian membuktikan beban puncak terjadi pada
siklus malam dengan total daya rata-rata 106,58 W, meningkat 2,67 kali lipat
dibandingkan siklus pagi.

Kata Kunci: Monitoring Beban Listrik, loT, ESP32, PZEM-004T, Sensor Infrared,
Relay, Blynk, Google Spreadsheet, Apartemen.
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ABSTRACT

Electricity consumption in apartment buildings tends to go unmonitored per
room since analog kWh meters only record total consumption without providing
real-time power distribution information per zone. This research designs an IoT-
based electrical load monitoring and control system for apartments using an ESP32
microcontroller, PZEM-004T sensor, infrared sensor, and 4-channel relay module
on a four-zone miniature apartment prototype. The system measures voltage,
current, active power, and cumulative energy independently per room, with load
control through automatic mode based on the infrared sensor and manual mode via
the Blynk application on a smartphone. Monitoring data is transmitted to the Blynk
platform for real-time display and to Google Spreadsheet for historical data storage
every 5 minutes. Test results show average measurement errors of 0.98% for
voltage, 2.49% for current, and 1.71% for active power, all within specification
tolerance limits. The infrared sensor achieved 100% detection reliability with relay
response time under 200 ms, and the remote control system via Blynk was
successfully tested at a distance of 1.7 km with latency under 1 second. Daily
consumption pattern analysis proves peak load occurs during the night cycle with
an average total power of 106.58 W, 2.67 times higher compared to the morning

cycle.

Keywords: Electrical Load Monitoring, loT, ESP32, PZEM-004T, Infrared Sensor,
Relay, Blynk, Google Spreadsheet, Apartment.
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