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ABSTRAK 

INTEGRASI SENSOR MONITORING BERBASIS IOT 

UNTUK INCINERATOR SKALA KOMUNITAS 

Kevin Abillah 

Dosen Pembimbing: 1. Aam Amanningsih Jumhur,Ph.D., 2. Ir. Waradzin 

Mustakim, S. T., M. Pd. T. 

Pengoperasian incinerator skala komunitas umumnya belum dilengkapi sistem 

pemantauan kondisi pembakaran dan emisi gas buang secara real-time, sehingga 

berpotensi menghasilkan pembakaran yang kurang optimal dan meningkatkan 

risiko pencemaran udara. Penelitian ini bertujuan merancang dan 

mengimplementasikan sistem monitoring berbasis Internet of things (IoT) untuk 

memantau temperatur ruang bakar, temperatur cerobong, serta konsentrasi gas CO, 

NOx, dan SO₂ pada incinerator skala komunitas. Penelitian ini dilakukan dengan 

beberapa tahapan, mulai dari perancangan, integrasi perangkat keras dan perangkat 

lunak, serta pengujian sistem. Sistem dikembangkan menggunakan mikrokontroler 

ESP32, sensor Thermocouple Tipe-K, MQ-7, MQ-135, dan MQ-136 yang 

terhubung dengan platform ThingSpeak sebagai media pemantauan berbasis Cloud. 

Hasil penelitian menunjukkan bahwa sistem monitoring yang dikembangkan 

mampu melakukan akuisisi, pengiriman, dan visualisasi data secara real-time 

melalui platform ThingSpeak. Sistem berhasil memantau temperatur ruang bakar, 

temperatur cerobong, serta konsentrasi gas CO, NOx, dan SO₂ selama proses 

pembakaran.  

 

Kata kunci: Internet of things, incinerator, ESP32, monitoring, temperatur, gas 

buang. 
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ABSTRACT 

IoT-BASED MONITORING SENSOR INTEGRATION 

FOR COMMUNITY-SCALE INCINERATOR 

Kevin Abillah 

Dosen Pembimbing: 1. Aam Amanningsih Jumhur,Ph.D., 2. Ir. Waradzin 

Mustakim, S. T., M. Pd. T. 

Community-scale incinerators are generally not equipped with a real-time 

monitoring system to observe combustion conditions and exhaust gas emissions, 

which may result in inefficient combustion and increase the risk of air pollution. 

This study aimed to design and implement an Internet of things (IoT)-based 

monitoring system for measuring combustion chamber temperature, chimney 

temperature, and the concentrations of carbon monoxide (CO), nitrogen oxides 

(NOx), and sulfur dioxide (SO₂) in a community-scale incinerator. The research was 

conducted through several stages, including system design, hardware and software 

integration, and performance testing. The proposed system employed an ESP32 

microcontroller integrated with Type-K thermocouple sensors, MQ-7, MQ-135, and 

MQ-136 gas sensors, while ThingSpeak was utilized as the Cloud-based platform 

for data storage and real-time visualization. The results demonstrate that the 

developed monitoring system successfully acquired, transmitted, and displayed 

sensor data in real time through the ThingSpeak platform. The system was able to 

continuously monitor combustion chamber temperature, chimney temperature, and 

the concentrations of CO, NOx, and SO₂ throughout the combustion process. 

 

Keywords: Internet of things, incinerator, ESP32, monitoring system, temperature, 

exhaust gas. 

  



 

 

x 

 

DAFTAR ISI 

 
HALAMAN PENGESAHAN TUGAS AKHIR .................................................. ii 

HALAMAN PENGESAHAN TUGAS AKHIR ................................................. iii 

SURAT PERNYATAAN KEASLIAN KARYA ................................................. iv 

HALAMAN PERSEMBAHAN............................................................................ v 

KATA PENGANTAR ........................................................................................... vi 

ABSTRAK .......................................................................................................... viii 

DAFTAR ISI .......................................................................................................... x 

DAFTAR GAMBAR .......................................................................................... xiii 

DAFTAR TABEL ............................................................................................... xiv 

DAFTAR ISTILAH ............................................................................................. xv 

DAFTAR LAMPIRAN ...................................................................................... xvi 

BAB 1  PENDAHULUAN .................................................................................... 1 

1.1.Latar Belakang Masalah ............................................................................... 1 

1.2.Identifikasi Masalah ...................................................................................... 6 

1.3.Pembatasan Masalah ..................................................................................... 7 

1.4.Perumusan Masalah ...................................................................................... 7 

1.5.Tujuan Penelitian .......................................................................................... 7 

1.6.Manfaat Penelitian ........................................................................................ 7 

BAB II  KERANGKA TEORETIK ................................................................... 10 

2.1.Incinerator .................................................................................................. 10 

2.2.Proses Pembakaran ..................................................................................... 13 

2.3.Mikrokontroler ............................................................................................ 15 

2.4.Sensor .......................................................................................................... 19 

2.5.Internet of things ......................................................................................... 24 

2.4.1 Komponen ............................................................................................ 29 

2.4.2 Mekanisme Kerja Internet of things ..................................................... 33 

2.4.3 Konsep Monitoring Gas Buang ............................................................ 35 

BAB III METODOLOGI PENELITIAN ......................................................... 38 

3.1.Tempat dan Waktu Penelitian ...................................................................... 38 

3.2.Alat dan Bahan Penelitian ........................................................................... 38 



 

 

xi 

 

3.2.1 Unit Incinerator .................................................................................... 39 

3.2.2 Mikrokontroler ESP32 .......................................................................... 40 

3.2.3 Expansion Shield ESP32 ...................................................................... 43 

3.2.4 Kabel Jumper ........................................................................................ 44 

3.2.5 Power supply ........................................................................................ 44 

3.2.6 Kabel konektor Type C & USB ............................................................ 45 

3.2.7 Laptop untuk Pemrograman dan Dashboard ........................................ 45 

3.2.8 Sensor Suhu .......................................................................................... 45 

3.2.9 Sensor Gas ............................................................................................ 47 

3.2.10 Modul Komunikasi (Wi-Fi) ................................................................ 50 

3.2.11 Alat ukur pembanding (Termometer standar) .................................... 51 

3.2.12 ThingSpeak ......................................................................................... 51 

3.2.13 Arduino IDE ....................................................................................... 52 

3.2.14 Antarmuka Pengguna (Dashboard Web) ........................................... 53 

3.3.Diagram Alir Penelitian .............................................................................. 54 

3.4.Teknik dan Prosedur Pengumpulan Data .................................................... 59 

3.5.Teknik Analisa Data .................................................................................... 60 

BAB IV HASIL PENELITIAN .......................................................................... 61 

4.1.Deskripsi Hasil Penelitian ........................................................................... 61 

4.1.1 Perangkat Keras .................................................................................... 61 

4.1.2 Penempatan Perangkat pada Incinerator .............................................. 63 

4.1.3 Perangkat Lunak ................................................................................... 66 

4.1.4 Tampilan Antarmuka Monitoring ThingSpeak ..................................... 71 

4.2.Analisa Data Penelitian ............................................................................... 72 

4.2.1 Kalibrasi Sensor .................................................................................... 72 

4.2.2 Pengujian Sensor pada Incinerator....................................................... 76 

4.3.Pembahasan ................................................................................................. 86 

4.3.1 Temperatur Pembakaran Incinerator .................................................... 87 

4.3.2 Perubahan Temperatur dan Emisi Gas Buang ...................................... 89 

4.3.3 Kinerja Sistem IoT................................................................................ 92 

4.4.Aplikasi Hasil Penelitian ............................................................................. 94 

BAB V KESIMPULAN DAN REKOMENDASI ............................................. 95 

5.1.Kesimpulan ................................................................................................. 95 



 

 

xii 

 

5.2.Saran ........................................................................................................... 95 

DAFTAR PUSTAKA........................................................................................... 97 

LAMPIRAN ....................................................................................................... 101 

DAFTAR RIWAYAT HIDUP ........................................................................... 126 

 

  



 

 

xiii 

 

DAFTAR GAMBAR 

Gambar 2. 1 Segitiga Api ...................................................................................... 13 

Gambar 2. 2 Prinsip Kerja Sensor Thermocouple Tipe K ..................................... 20 

Gambar 2. 3 Prinsip Kerja Sensor MQ-7 .............................................................. 21 

Gambar 2. 4 Prinsip Kerja Sensor MQ-135 .......................................................... 22 

Gambar 2. 5 Prinsip Kerja Sensor MQ-136 .......................................................... 23 

Gambar 2. 6 Konsep Monitoring Incinerator Berbasis IoT .................................. 26 

Gambar 3. 1 Incinerator ........................................................................................ 39 

Gambar 3. 2 Mikrokontroler ................................................................................. 40 

Gambar 3. 3 ESP32 ............................................................................................... 42 

Gambar 3. 4 Expansion Shield ESP32 .................................................................. 43 

Gambar 3. 5 Kabel Jumper ................................................................................... 44 

Gambar 3. 6 Kabel Konektor ................................................................................ 45 

Gambar 3. 7 Thermocouple Type K ...................................................................... 46 

Gambar 3. 8 Sensor MQ-7 .................................................................................... 48 

Gambar 3. 9 Sensor MQ-135 ................................................................................ 49 

Gambar 3. 10 Sensor MQ-136 .............................................................................. 50 

Gambar 3. 11 Termometer..................................................................................... 51 

Gambar 3. 12 ThingSpeak ..................................................................................... 52 

Gambar 3. 13 Tampilan Arduino IDE ................................................................... 53 

Gambar 3. 14 Dasbor ThingSpeak ........................................................................ 53 

Gambar 3. 15 Alur Penelitian ................................................................................ 55 

Gambar 4. 1 Library Pemrograman ...................................................................... 67 

Gambar 4. 2 Tampilan Pemrograman Arduino ..................................................... 68 

Gambar 4. 3 Upload Program ............................................................................... 68 

Gambar 4. 4 Membuat Akun ThingSpeak ............................................................. 69 

Gambar 4. 5 Membuat Channel ............................................................................ 70 

Gambar 4. 6 Informasi API ................................................................................... 70 

Gambar 4. 7 Penempatan Thermocouple Type-K ................................................. 64 

Gambar 4. 8 Penempatan Sensor MQ Gas Buang ................................................ 65 

Gambar 4. 9 Tampilan Antarmuka ThingSpeak .................................................... 71 

Gambar 4. 10 Kurva Kalibrasi MQ-7 ................................................................... 74 

Gambar 4. 11 Kurva Kalibrasi MQ-135................................................................ 75 



 

 

xiv 

 

DAFTAR TABEL 

Tabel 2. 1 Parameter Pengukuran .......................................................................... 33 

Tabel 3. 1 Spesifikasi Incinerator ......................................................................... 40 

Tabel 3. 2 Spesifikasi Sensor Thermocouple Type K ............................................ 47 

Tabel 3. 3 Spesifikasi Sensor MQ-7 ...................................................................... 48 

Tabel 3. 4 Spesifikasi Sensor MQ-135 .................................................................. 49 

Tabel 3. 5 Spesifikasi Sensor MQ- 136 ................................................................. 50 

Tabel 4. 1 Pemetaan Jalur Pengkabelan ................................................................ 62 

Tabel 4. 2 Pengujian Pertama (24-04-2026) ......................................................... 78 

Tabel 4. 3 Pengujian Kedua (07-05-2026) ............................................................ 80 

Tabel 4. 4 Pengujian Ketiga (10-05-2026) ............................................................ 82 

Tabel 4. 5 Pengujian Keempat (14-05-2026) ........................................................ 85 

 

  



 

 

xv 

 

DAFTAR ISTILAH 

Internet of Things : Konsep yang menghubungkan perangkat, sensor, 

mikrokontroler, dan jaringan internet untuk 

pertukaran serta pemantauan data. 

Mikrokontroler : Sistem komputer berukuran kecil yang digunakan 

untuk menerima input, mengolah data, dan 

menghasilkan keluaran berdasarkan program. 

Incinerator : Alat yang digunakan untuk mengolah limbah padat 

melalui proses pembakaran pada temperatur tinggi. 

Monitoring : Proses pemantauan kondisi atau parameter tertentu 

secara berkala atau berkelanjutan. 

Sensor : Perangkat yang mendeteksi besaran fisik atau kimia 

dan mengubahnya menjadi sinyal yang dapat diproses 

sistem. 

CO : Gas hasil pembakaran tidak sempurna yang menjadi 

salah satu parameter gas buang yang dipantau. 

NOx : Kelompok senyawa oksida nitrogen yang digunakan 

sebagai salah satu parameter pemantauan emisi gas 

buang. 

SO2 : Gas hasil oksidasi sulfur selama proses pembakaran 

yang menjadi salah satu parameter gas buang yang 

dipantau. 

MAX6675 : Modul konverter yang membaca sinyal thermocouple 
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