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ABSTRAK

Akumulasi debu, khususnya partikel halus seperti PM2.5, dapat
mengurangi efisiensi panel surya dengan menghalangi penyerapan cahaya secara
optimal. Proses pembersihan panel surya secara manual dinilai kurang efisien
dan tidak responsif terhadap kondisi lingkungan yang berubah-ubah, sehingga
dibutuhkan alat pembersih otomatis yang adaptif dan terjadwal. Penelitian ini
merancang dan membangun alat pembersih panel surya otomatis berbasis ESP32
yang bekerja berdasarkan dua parameter utama, yaitu nilai konsentrasi debu
PM2.5 dan waktu penjadwalan tertentu. Sistem dilengkapi sensor
GP2Y1010AUOF untuk mendeteksi partikel PM2.5, modul RTC DS3231
sebagai acuan waktu (pukul 04.00 dan 19.00 WIB), serta aktuator berupa pompa
air dan motor DC wiper untuk menjalankan proses pembersihan. Seluruh
aktivitas sistem dikendalikan oleh mikrokontroler ESP32 dan dikirim secara
real-time ke platform ThingSpeak sebagai sistem pemantauan berbasis Internet
of Things (loT). Hasil pengujian menunjukkan bahwa sistem mampu mendeteksi
nilai PM2.5 dalam rentang 0,0 pg/m?3 hingga 324,3 pug/m? dan mengaktifkan
proses pembersihan secara otomatis saat salah satu kondisi pemicu terpenuhi.
Dari enam skenario pengujian, empat di antaranya berhasil mengaktifkan sistem
secara otomatis, sementara dua lainnya tidak mengaktifkan karena kondisi
belum memenuhi, dengan tingkat keberhasilan sistem mencapai 100%. Data
juga berhasil dikirim ke ThingSpeak secara konsisten, dan motor serta pompa
bekerjastabil sesuai logika. Dengan demikian, alat ini terbukti efektif dan efisien
dalam mengotomatisasi proses pembersihan panel surya, serta mendukung
pemantauan jarak jauh. Saran pengembangan selanjutnya meliputi
penyempurnaan aspek mekanik seperti penggunaan poros drat yang lebih presisi,
penambahan sensor pendukung, serta integrasi fitur pengukuran efisiensi panel
untuk evaluasi performaenergi secara menyeluruh.

Kata Kunci: Panel Surya, Pembersih Otomatis, PM2.5, ESP32, Internet of
things (10T)
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ABSTRACT

The accumulation of airborne particles, particularly PM2.5, on the
surface of solar panels can significantly reduce their efficiency by obstructing
optimal sunlight absorption. Manual cleaning methods are often inefficient and
fail to respond to real-time environmental conditions, highlighting the need for
an automatic and adaptive cleaning system. This study presents the design and
development of an automatic solar panel cleaning device based on the ESP32
microcontroller, which operates using two key parameters: ambient PM2.5
concentration and scheduled cleaning times. The system integrates a
GP2Y1010AUOF dust sensor to detect PM2.5 levels,a DS3231 RTC module for
time-based operation (at 04:00 and 19:00 WIB), and actuators including a water
pump and DC motor-driven wiper for the cleaning mechanism. All operations
are controlled by the ESP32 and monitored remotely through the ThingSpeak
cloud platformusing an Internet of Things (1oT) approach. Experimental results
indicate that the system successfully detected PM2.5 levels ranging from 0.0
pg/m3 to 324.3 pg/m3 and triggered cleaning automatically when either the
PM2.5 threshold or scheduled time was met. Out of six test scenarios, the system
responded correctly in four valid trigger conditions, and remained inactive in
two non-triggered cases, achieving a 100% activation accuracy rate. Data was
consistently transmitted to the cloud, and the actuator components operated
reliably. The findings demonstrate that the proposed device effectively
automates solar panel maintenance by adapting to environmental dust levels and
scheduled intervals, while also enabling remote monitoring. Future
improvements may include enhanced mechanical components such as threaded
shafts for more precise motion, additional sensors for cross-verification, and
integration of panel efficiency measurement features for comprehensive energy
performance evaluation.

KeyWords: ESP32, Automatic Cleaning, PM2.5, ESP32, Internet of things (10T)
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