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ABSTRACT 

 

 

IoT/GSM Monitoring and Pollutant Detection of Heavy Equipment Fuel System 

 

By 

 

Firman Raharjo 
Dr. Ir. Henry Nasution, MT 

Dr. Ir. Hanny J. Berchamans, M.Sc 

 

 

This thesis presents an automation system that can be used in the monitoring process of 

diesel fuel, especially fuel from the beginning to heavy equipment with a tiered 

transportation process. This can cause pollutants found in fuels, especially biodiesel / 

biofuel because of its solvency and hydroscopic properties that make it easy to absorb 

water to form mud and gel. Fuel available in heavy equipment sometimes has many 

impurities due to complex distribution. The study began by scanning the properties of 

fuel ranging from B0 to B30 compared to Water with a Moisture sensor scanner and 

measuring pollutants using TDS sensors on clean B0, clean B30 and B100 compared to 

dirty fuel taken from a real job site. By using Arduino Mega, SIM 800, Nextion LCD, 

Relay, power supply, Buzzer it can be used to create an automatic system that can 

activate pumps and valves so that automatically if there are pollutants and water can be 

monitored, with the blynk IoT application fuel conditions can be monitored online. 

Furthermore, if water or pollutants are contained in the fuel, then the developed tool can 

suck up using a valve and proceed to the filtering process with a filter to hold the 

pollutant and return the fuel again to the tank, if there is water on detection from the 

sensor, then the pump sucks water then continues to be accommodated to the reservoir.  

With IoT, every sensing activity in the fuel tank whether there is water or there is 

pollutant can be monitored in real time using the blink application. For commercial 

implementation, a robust design with powerful sensors and actuator is needed and in 

accordance with the operational conditions of the fuel tank.

 

keywords: Biofuel, heavy equipment, pollutant, hydroscopic gel, mud, water in fuel, 

Capacitive moisture sensor, TDS Sensor, Fuel Filter Clogging, Arduino Mega. 

 



 

IoT/GSM Monitoring and Pollutant Detection  

of Heavy Equipment Fuel System                                      Page 4 of 98 

 

 

 Firman Raharjo 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Copyright 2023 

by Firman Raharjo 

All rights reserved. 

 

 

 



 

IoT/GSM Monitoring and Pollutant Detection  

of Heavy Equipment Fuel System                                     Page 5 of 98 

 

Firman Raharjo 

 

 

DEDICATION 

 

 

This study is wholeheartedly dedicated to my beloved wife Dwi Astuti, M.T. and 

children Hafiza Khairunisa F & Hasyifa Khairunisa F, who have been our source of 

inspiration and gave me strength when I thought of giving up. 

To UT School and PT United Tractors Tbk.  who has provided funding and support 

during the study. 

And lastly, I dedicated to the Allah SWT thank you for the guidance, strength, power 

of mind, protection, and skills and for giving us a healthy life. 

 

  



 

IoT/GSM Monitoring and Pollutant Detection  

of Heavy Equipment Fuel System                                      Page 6 of 98 

 

 

 Firman Raharjo 

 

 

ACKNOWLEDGEMENTS 

 

I Would like to thank to Dr. Ir. Henry Nasution, MT, Dr. Ir. Hanny J. Berchamans, M.Sc. 

and all Lecturers who have guided me while studying in Swiss German University. And 

also, to Mr. Edhie Sarwono and Mr. M Hamdan Aziz, Kang Acai, Mas Ragil, Bro 

Rachmat, Pak Sygit, Bro Eki and the management of PT United Tractors Tbk who gave 

me the opportunity to take a master's degree. 

 

I have found my coursework throughout the Curriculum and Instruction program to be 

stimulating and thoughtful, providing me with the tools with which to explore both past 

and present ideas and issues. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

IoT/GSM Monitoring and Pollutant Detection  

of Heavy Equipment Fuel System                                     Page 7 of 98 

 

Firman Raharjo 

 

 

TABLE OF CONTENTS 

 
STATEMENT BY THE AUTHOR ............................................................................... 2 

ABSTRACT ................................................................................................................... 3 

DEDICATION ............................................................................................................... 5 

ACKNOWLEDGEMENTS ........................................................................................... 6 

TABLE OF CONTENTS ............................................................................................... 7 

LIST OF FIGURES ..................................................................................................... 10 

LIST OF TABLES ....................................................................................................... 12 

CHAPTER 1 – INTRODUCTION .............................................................................. 13 

1.1 Background......................................................................................................... 13 

1.2.    Research Problem ............................................................................................... 20 

1.3 Research Objectives ........................................................................................... 20 

1.4 Research Question .............................................................................................. 20 

1.5  Hypothesis ......................................................................................................... 20 

1.6 Significance of Study ......................................................................................... 21 

CHAPTER 2 - LITERATURE REVIEW .................................................................... 22 

2.1 Fuel System Diesel ............................................................................................. 22 

2.1.1 Fuel System on Komatsu Engine FIP .................................................. 23 

2.1.2 Fuel system type CRI ........................................................................... 29 

2.2 PERTAMINA’s fuel and biodiesel mixtures ..................................................... 33 

2.2.1 Pollutant in diesel fuel system .............................................................. 34 

2.2 Pollutant disposal method................................................................................... 38 

2.3  IOT GSM ........................................................................................................... 41 

2.4 Controller ............................................................................................................ 43 

2.5 Sensor ................................................................................................................. 44 

2.6 Actuator .............................................................................................................. 44 

2.7 Previous Study .................................................................................................... 44 



 

IoT/GSM Monitoring and Pollutant Detection  

of Heavy Equipment Fuel System                                      Page 8 of 98 

 

 

 Firman Raharjo 

 

 

CHAPTER 3 – RESEARCH METHODS ................................................................... 49 

3.1 Research Design ................................................................................................. 49 

3.2 Cause and effect When Water enter the fuel tank. ............................................. 50 

3.3 Research Workflow ............................................................................................ 52 

3.4 Scope Study ........................................................................................................ 52 

3.5 Venue and Time ................................................................................................. 53 

3.6 Material and Equipment ..................................................................................... 53 

3.6.1. Material ................................................................................................ 53 

3.6.2. Research Object .................................................................................... 54 

3.6.3. Controller ............................................................................................. 54 

3.6.4. TDS (Total Dissolved Solids) .............................................................. 56 

3.6.5. Capacitive Soil Moisture Sensor v1.2 .................................................. 58 

3.6.6. GSM/GPRS Module ............................................................................. 60 

3.6.7. LCD NEXTION 3inch ......................................................................... 60 

3.6.8. Solenoid Valve to regulate the water rate in the pipe........................... 61 

3.6.9. Filters to use ......................................................................................... 62 

3.6.10.   List of Material ..................................................................................... 63 

3.6.11.   Software ................................................................................................ 65 

3.7 Design of experiment ......................................................................................... 67 

3.7.1 Flow Device ......................................................................................... 67 

3.7.2      Hardware Design .................................................................................. 68 

3.7.3      Wiring Diagram .................................................................................... 69 

3.7.4      Hardware Expenditure .......................................................................... 70 

3.7.5      Hardware Location on Unit .................................................................. 70 

3.7.6      Software Design ................................................................................... 71 

3.7.7      Internet of Things (IoT) Design ........................................................... 72 

3.7.8 Connected Hardware, Sensor and IoT .................................................. 72 

3.7.9 Comparison of existing and finished detector tools. ............................ 73 

3.8 Observation......................................................................................................... 75 

3.8.1. Experiments with capacitive soil moisture sensors .............................. 75 

3.8.2. Experiment with TDS sensors .............................................................. 76 



 

IoT/GSM Monitoring and Pollutant Detection  

of Heavy Equipment Fuel System                                     Page 9 of 98 

 

Firman Raharjo 

 

 

CHAPTER 4 – RESULTS AND DISCUSSIONS....................................................... 82 

4.1.   Calibration Results .............................................................................................. 82 

4.2      Precision level Soil Moisture sensor to distinguish water from fuel .... 82 

4.2.1 Calibration Results Sensor Moisture .................................................... 85 

4.2.2 Calibration Results TDS Sensor ........................................................... 86 

CHAPTER 5 – CONCLUSIONS AND RECCOMENDATIONS .............................. 89 

5.1 Conclusion .......................................................................................................... 89 

5.2 Recommendation ................................................................................................ 89 

Reverence ..................................................................................................................... 90 

 CURRICULUM VITAE ............................................................................................. 92 

APPENDIX 1 ............................................................................................................... 94 

 

 

  



 

IoT/GSM Monitoring and Pollutant Detection  

of Heavy Equipment Fuel System                                      Page 10 of 98 

 

 

 Firman Raharjo 

 

 

LIST OF FIGURES 

 

 

Figure 1.1 Problem At Backgraund (Dokumen United Tractors) ................................ 13 

Figure 1.2 The Problem Was Shown On Komtrax ...................................................... 16 

Figure 1.3 Problem Pc200-8m0 ................................................................................... 16 

Figure 1.4 Problem Fuel .............................................................................................. 16 

Figure 1.5 Problem Fuel .............................................................................................. 17 

Figure 1.6 Problem Pc200-8m0 ................................................................................... 17 

Figure 1.7 Manual Drain .............................................................................................. 20 

Figure 2.1 Fuel System Fip .......................................................................................... 22 

Figure 2.2 Fip Fuel System Components ..................................................................... 23 

Figure 2.3 Fuel Injection Pump ................................................................................... 24 

Figure 2.4 Inner Component Fip .................................................................................. 24 

Figure 2.5 Feed Pump .................................................................................................. 25 

Figure 2.6 Nozzle Pieces.............................................................................................. 26 

Figure 2.7 Nozzle Pada Cylinder Head........................................................................ 26 

Figure 2.8 Hole Nozzle Type ....................................................................................... 27 

Figure 2.9 Effects Of Poor Fuel Quality ...................................................................... 28 

Figure 2.10 Fuel Filter ................................................................................................. 28 

Figure 2.11 Cri Engine Specifications ......................................................................... 29 

Figure 2.12 Engine Fuel System Diagram ................................................................... 30 

Figure 2.13 Filtering On Cri Engine ............................................................................ 31 

Figure 2.14 Water In Fuel (Wif) Sensor ...................................................................... 32 

Figure 2.15 Placement Water In Fuel (Wif ) Sensor ................................................... 32 

Figure 2.16 Method Of Manual Removal Of Water And Sediment ............................ 39 

Figure 2.17 Pc Panel Monitor 200-8m0 When Wif Sensor Reads Water. .................. 40 

Figure 2.18 Drain Cock Pc200-8m0 At Fuel Tank. ..................................................... 40 

Figure 2.19 Display Shown On Mobile. ...................................................................... 43 

Figure 3.1 Diagram Fish Bone ..................................................................................... 50 

Figure 3.2 Research Workflow .................................................................................... 52 

Figure 3.3 Storage With Transparent Tank.................................................................. 54 

Figure 3.4 Tank Pc 200 ................................................................................................ 54 

Figure 3.5 Arduino Uno R1 Pinout .............................................................................. 55 

Figure 3.6 Examples Of Recommended Ppm Standards ............................................. 56 

Figure 3.7 An Overview Of The Interpretation Amount Of Ppm................................ 57 

Figure 3.8 Of Tds  Sensor And Tds Module ................................................................ 58 

Figure 3.9 Features & Specifications ........................................................................... 58 

Figure 3.10 Capacitive Soil Moisture Sensor V1.2 ..................................................... 59 

Figure 3.11 Nextion Display 2.8 Inch .......................................................................... 61 

Figure 3.12 Water Valve .............................................................................................. 61 

Figure 3.1 Fuel Filter genuine Komatsu..…………………………….………………………………...61 

Figure 3.2 Coalescer filter……………………………………………..…………………………..………………  62 

Figure 3.15 Arduino Ide Version 1.8.19 ...................................................................... 65 

Figure 3.16 Create New Project In Blynk Application ................................................ 67 

Figure 3.17 Flowchart For Device ............................................................................... 67 

Figure 3.17 Hardware Design ...................................................................................... 68 

Figure 3.18 Prototype Design ...................................................................................... 68 

Figure 3.19 Sensor And Actuator ................................................................................ 69 

Figure 3.20 Wiring Diagram ........................................................................................ 69 



 

IoT/GSM Monitoring and Pollutant Detection  

of Heavy Equipment Fuel System                                     Page 11 of 98 

 

Firman Raharjo 

 

 

Figure 3.21 Hardware Location On Unit ..................................................................... 71 

Figure 3.22 Flowchart Ide Sketch ................................................................................ 72 

Figure 3.23 Desain Pump Filter And Reservoir........................................................... 73 

Figure 3.24 Tor-1 Diesel Fuel Mouisture Content Tester............................................ 74 

Figure 3.25 Experiment With Capacitive Soil Moisture Sensor.................................. 75 

Figure 3.26 Experiment Using Tds Sensor. ................................................................. 77 

Figure 3.27 Tds Value Content At Clean Fuel ............................................................ 79 

Figure 3.28 Tds Value On Gross Fuel ......................................................................... 79 

Figure 3.29 Long Cabling On The Sensor Connected To The Control. ......................... 80 

Figure 3.30 Combined Sensor Cable And Hose Leading To The Pump. ....................... 80 

Figure 3.31 Experiments With Already Extended Cables ............................................ 81 

Figure 3.32 Trial Process In Ttd Heavy Equipment Unit With Fuel B0 ......................... 81 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

IoT/GSM Monitoring and Pollutant Detection  

of Heavy Equipment Fuel System                                      Page 12 of 98 

 

 

 Firman Raharjo 

 

 

LIST OF TABLES 

 

 

Table 1.1 Troubleshooting Chart (Shop Manual PC200-8M0, 2012) ......................... 14 

Table 1.2 Failure Code PC200 (Shop Manual PC200-8M0, 2012) ............................. 15 

Table 1.3 Troubleshooting Chart (Shop Manual PC200-8M0, 2012) ......................... 18 

Table 1.4 Summary Komtrax Date 16 May 2023 ........................................................ 19 

Table 2.1 Differences In Properties And Characteristics ............................................. 34 

Table 2.2 Consequences Of Mixing Biodiesel In Fuel ................................................ 35 

Table 2.3 Properties And Parameters Of Biodiesel (Continue) ................................... 37 

Table 2.4 Summary Of Previous Study ....................................................................... 47 

Table 3.1 Final Solution For Root Causes ................................................................... 51 

Table 3.2 Schedule Activity ......................................................................................... 53 

Table 3.3 Arduino Mega Specification ........................................................................ 56 

Table 4.1 On Pump And Water Valve Decision Making ............................................ 83 

Table 4.2 Summary Penyimpangan Hasil Ketika Suhu Rendah ................................. 84 

Table 4.3 Capacitive Value And Valve Decision ........................................................ 86 

Table 4.4 TDS Values Listed On TDS Sensors ........................................................... 87 

Table 4.5 TDS Value Ppm* And Valve Decision. ...................................................... 87 

Table 4.6 ON-OFF Pump And Valve Logic ................................................................ 88 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


