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ABSTRAK 

Perubahan kualitas lingkungan yang dipengaruhi oleh polusi udara, tingkat 

kebisingan, dan kondisi atmosfer menuntut adanya sistem pemantauan yang hemat 

energi, andal, serta mampu beroperasi secara mandiri di berbagai lokasi. Penelitian 

ini merancang dan mengimplementasikan sistem pemantauan kualitas udara 

berbasis mikrokontroler ESP32 yang didukung dengan Pembangkit Listrik Tenaga 

Surya (PLTS) 30 Wp, serta menggunakan modul LoRa E220-400T22D sebagai 

media komunikasi nirkabel jarak jauh. Sistem dilengkapi dengan sensor MH-Z19B 

untuk mengukur konsentrasi CO₂, ZH03B untuk mendeteksi partikulat debu halus 

PM2.5, DHT22 untuk suhu dan kelembapan udara, serta LM2904 untuk kebisingan 

lingkungan. Data hasil pengukuran dikirim secara periodik dari unit transmitter ke 

receiver melalui komunikasi LoRa, kemudian diteruskan ke platform IoT 

ThingSpeak untuk divisualisasikan dalam bentuk grafik real-time serta disimpan 

secara otomatis dalam format CSV. Pengujian dilakukan pada area terbuka 

(halaman parkir) selama periode 14 September 2025 pukul 07.00 hingga 20.00 

WIB. Hasil pengujian menunjukkan bahwa seluruh sensor bekerja stabil, akurat, 

dan mampu mendeteksi perubahan parameter lingkungan sesuai kondisi nyata di 

lapangan. Modul LoRa E220-400T22D mampu mengirimkan data dengan jarak 

efektif hingga ±500 m dalam kondisi terbuka. Sistem catu daya berbasis panel surya 

30 Wp dan baterai aki 12V 7,5Ah terbukti mampu menopang operasi sistem secara 

kontinu selama 24 jam penuh dengan rata-rata arus pengisian 1,05A pada siang hari 

dan konsumsi daya sekitar 0,8A pada malam hari. Dengan hasil ini, sistem 

pemantauan kualitas udara yang dikembangkan terbukti layak digunakan sebagai 

solusi monitoring lingkungan berbasis IoT yang mandiri, hemat energi, dan 

aplikatif untuk daerah perkotaan maupun wilayah terpencil yang minim akses 

jaringan listrik dan internet. 

Kata kunci: Pemantauan Kualitas Udara, ESP32, LoRa E220, ThingSpeak, IoT, 

Energi Surya 
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ABSTRACT 

Changes in environmental quality influenced by air pollution, noise levels, 

and atmospheric conditions require the presence of an energy-efficient, reliable, and 

autonomous monitoring system that can operate in various locations. This research 

designs and implements an air quality monitoring system based on the ESP32 

microcontroller, powered by a 30 Wp solar photovoltaic system, and utilizes the 

LoRa E220-400T22D module as a long-range wireless communication medium. 

The system is equipped with the MH-Z19B sensor to measure CO₂ concentration, 

the ZH03B sensor for PM2.5 fine particulate detection, the DHT22 sensor for 

temperature and humidity, and the LM2904 sensor for environmental noise level 

monitoring. Measurement data are periodically transmitted from the transmitter unit 

to the receiver through LoRa communication, then forwarded to the ThingSpeak 

IoT platform for real-time visualization in graphical form and automatically stored 

in CSV format. The testing was conducted in an open area (parking lot) on 

September 14, 2025, from 07.00 to 20.00 WIB. The results show that all sensors 

operated stably and accurately, successfully detecting changes in environmental 

parameters according to actual field conditions. The LoRa E220-400T22D module 

was able to transmit data effectively within a distance of up to ±500 m in open 

space. The power supply system, consisting of a 30 Wp solar panel and a 12V 7.5Ah 

lead-acid battery, proved capable of supporting the system’s continuous operation 

for 24 hours, with an average charging current of 1.05A during the day and power 

consumption of around 0.8A at night. These findings confirm that the developed 

IoT-based air quality monitoring system is feasible to be applied as a standalone, 

energy-efficient, and practical environmental monitoring solution, both in urban 

areas and remote regions with limited access to electricity and the internet. 

Keywords: Air Quality Monitoring, ESP32, LoRa E220, ThingSpeak, IoT, Solar 

Energy 
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