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ABSTRAK

Kualitas udara dalam ruangan berpengaruh langsung terhadap kesehatan, kenyamanan,
dan produktivitas penghuni, namun pemantauan manual tidak mampu merekam
perubahan kondisi udara secara berkelanjutan. Penelitian ini merancang dan membangun
sistem monitoring kualitas udara dalam ruangan berbasis mikrokontroler ESP32 dengan
empat parameter, yaitu karbon dioksida (CO2), suhu, kelembapan, dan partikulat PM2.5.
Sensor MH-Z16, DHT22 AMZ2302, dan ZHO03B digunakan sebagai perangkat
pembacaan; hasil pengukuran ditampilkan pada LCD I2C 20x4 dan dikirimkan secara
berkala ke Google Spreadsheet melalui protokol HTTPS. Pengujian dilakukan pada
empat ruangan di lingkungan Sekolah Vokasi Universitas Diponegoro dan menghasilkan
19.408 titik data selama 80,55 jam. Konsentrasi CO- terbukti dipengaruhi okupansi dan
ventilasi ruang, dengan Perpustakaan mencatat 70,0% data pada kategori berbahaya.
Rata-rata PM2.5 seluruh lokasi melampaui pedoman WHO 2021 sebesar 15 pg/m?, dan
dua lokasi melampaui baku mutu Permenkes Nomor 1077 Tahun 2011 sebesar 35 pg/m?.
Interval pengiriman aktual rata-rata 14,94 detik dengan hanya 0,79% interval melampaui
20 detik sehingga keandalan pengiriman tergolong tinggi. Seluruh indikator keberhasilan

yang ditetapkan berhasil dipenuhi.

Kata Kunci : kualitas udara dalam ruangan, ESP32, CO., PM2.5, Google Spreadsheet
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ABSTRACT

Indoor air quality directly affects the health, comfort, and productivity of
building occupants, yet manual inspection cannot capture continuous
changes in air conditions. This study designed and built an ESP32-based
indoor air quality monitoring system measuring four parameters. carbon
dioxide (CO:), temperature, humidity, and particulate matter PM2.5. An
MH-Z16 NDIR sensor, a DHT22 AM2302 sensor, and a ZHO3B laser dust
sensor were integrated with the microcontroller. Measurements were shown
on a 20x4 12C LCD and transmitted periodically to Google Spreadsheet over
HTTPS through Google Apps Script. Testing was conducted in four rooms
at the Vocational School of Universitas Diponegoro, yielding 19,408 data
points across 80.55 hours of operation. The results show that CO:
concentration is governed by the combination of occupancy and ventilation:
the library, a closed air-conditioned room with high occupancy, recorded
70.0% of its readings in the hazardous category with a peak of 2,828 ppm,
whereas naturally ventilated rooms remained within the safe category. This
confirms that air conditioning does not substitute for fresh-air ventilation.
PM?2.5 proved to be the most critical finding, as the mean concentration at
every location exceeded the WHO 2021 guideline of 15 ug/m? and two
locations exceeded the Permenkes No. 1077/2011 threshold of 35 ug/m?.
Data transmission was reliable, with a mean actual interval of 14.94 seconds
and only 0.79% of intervals exceeding 20 seconds. All predefined success
indicators were satisfied.

Keywords: indoor air quality, ESP32, CO:, PM2.5, Google Spreadsheet
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