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Abstract: The Fuel Analyzer is a low-cost, real-time system developed to detect fuel adulteration and ensure
fuel quality at petrol stations. Motivated by the need for transparency and engine safety, the device measures
fuel volume, density, and purity using a combination of flow, pressure, and conductivity sensors. An Arduino
Uno processes sensor inputs and displays real-time values on an (Liquid Crystal Display) LCD. The system
was tested on various fuel samples, achieving up to 94% accuracy in detecting water-based adulteration.
Unlike conventional analyzers, this design emphasizes portability, affordability, and easy integration with
existing vehicle diagnostics. The analyzer is particularly suited for rural and small-scale fuel vendors, where
manual quality checks are lacking.

Index Terms: Arduino UNO, Conductivity sensor, IOT- based monitoring, Embedded system, Fuel volume
measurement, Fuel density analysis, Fuel purity detection, Flow sensors, Fuel adulteration detection, Fuel
management system, Pressure sensors, Real-time fuel monitoring.

I.INTRODUCTION

Fuel quantity measurement is crucial for ensuring fair transactions and preventing fraudulent practices at petrol
stations. Many consumers receive less fuel than they pay for due to inaccurate dispensers, calibration errors, or
deliberate manipulation. Traditional fuel monitoring systems focus only on volume but lack real-time
verification. This paper aims to develop a Fuel Analyzer that accurately measures fuel quantity while also
assessing density and purity to prevent adulteration and fraud. The system integrates a flow sensor to measure
fuel volume, pressure sensors to calculate density, and a conductivity sensor to detect water contamination.
These sensors send data to an Arduino Uno, which processes and displays the results on an (Liquid Crystal
Display) LCD screen. This ensures consumers receive the exact fuel volume they pay for, reducing
discrepancies and increasing transparency in fuel transactions. A major issue in fuel distribution is inaccurate
fuel quantity measurement. Petrol stations sometimes dispense less fuel than indicated, leading to financial
losses for consumers. The Fuel Analyzer’s low sensor eliminates this problem by precisely measuring the fuel
dispensed. Additionally, fuel adulteration is a widespread issue where petrol is mixed with substances like
kerosene or water, affecting engine performance.

The pressure sensors in this system help detect density variations, ensuring fuel meets quality standards, while
the conductivity sensor detects water contamination, preventing potential engine damage. The proposed system
may be deployed across multiple domains, including fuel stations for improved dispensing accuracy, fleet
management systems for real-time fuel monitoring, and industrial storage facilities for maintaining fuel
standards. Research institutions can also use this system to study fuel characteristics and improve formulations.
Future improvements may include loT(Internet of Things) integration for remote fuel monitoring and Artificial
Intelligence-based analytics to detect anomalies in fuel quality. Accurate fuel measurement and quality control
are essential for vehicle performance, maintenance costs, and environmental sustainability. Inaccurate
dispensing results in economic losses, while impure fuel leads to incomplete combustion, increased emissions,
and engine damage. By ensuring vehicles receive the correct fuel quantity and quality, the Fuel Analyzer
reduces fraud, enhances engine efficiency, and minimizes pollution. Unlike traditional testing methods
requiring laboratory analysis, this system provides instant, real-time results at an affordable cost. The Fuel
Analyzer is a practical solution for fuel monitoring, integrating real-time quantity measurement with density
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and purity analysis. With potential applications in automobile industries, fuel stations, fleet management, and
industrial storage, this system enhances transparency and protects consumers.

Il.LITERATURE SURVEY

Fuel adulteration and inaccurate fuel quantity measurement are significant challenges in the petroleum
industry, leading to unfair fuel transactions, engine inefficiencies, and increased maintenance costs. These
issues affect not only individual vehicle owners but also large-scale transportation, fleet management, and
industrial fuel storage operations. Several research studies have explored solutions to these problems, focusing
on fuel monitoring, impurity detection, and real-time analysis. Despite advancements in technology, a
comprehensive system that integrates real-time fuel quantity measurement, density calculation, and impurity
detection remains lacking. This chapter reviews 15 key research works that contribute to the field and identifies
gaps that the proposed Fuel Analyzer aims to address.

[1].  Peri Annan, Dr. Suresh (2024) proposed a fuel level and property measurement system using ultrasonic
sensors. The study effectively monitored fuel levels but lacked real-time impurity detection and density
analysis, which are essential for detecting fuel adulteration and ensuring quality compliance.

[2].  Mahajan, Harsh et al. (2022) introduced a real-time fuel adulteration detection system focused on
preventing health hazards. While their research utilized chemical analysis, it did not include fuel quantity
measurement, limiting its ability to detect fraud at petrol stations where inaccurate volume dispensing is a
major issue.

[3]. Oladunni Emmanuel et al. (2021) developed an loT-based fuel adulteration detection system for remote
monitoring of fuel quality. However, the study did not address real-time fuel volume measurement, a crucial
factor for ensuring accurate fuel dispensing and preventing financial losses for consumers.

[4].  Sudheer K. et al. (2021) proposed a smart fuel monitoring system that focused on fuel volume
measurement. While the study helped in tracking fuel levels, it did not incorporate impurity detection, limiting
its effectiveness in identifying fuel adulteration and contamination.

[5]. Khatun, R. et al. (2020) presented an Internet of Things (loT)-based fuel level monitoring system that
allowed remote tracking of fuel levels in vehicles. However, the system did not offer density and purity
analysis, making it ineffective for detecting adulterated fuel that could harm engines.

[6]. Kumar, Ajay et al. (2020) designed an Internet of Things (loT)-based fuel monitoring system using
Arduino. The study focused on digital fuel volume indication but lacked mechanisms for detecting impurities
or water contamination, reducing its ability to ensure fuel quality.

[7]. Rachana, P. et al. (2019) developed a digital fuel volume indicator for motorcycles. While this system
efficiently measured fuel levels, it did not assess fuel purity, making it unreliable for detecting low-quality or
adulterated fuel.

[8]. Roshan, K. R. et al. (2019) designed a digitalized flow quantity and adulteration measurement system
for petrol. Although the system included fuel quality analysis, it required complex external laboratory testing,
making it impractical for real-time applications.

[9]. Vinay Divakar et al. (2019) proposed an Internet of Things (loT)-based fuel monitoring system using
edge analytics. The study provided real-time remote monitoring but lacked direct impurity detection, which is
crucial for consumer-level fuel quality assurance.

[10].  Anand, A. et al. (2018) explored a fuel quality analysis technique based on sensor technology. Their
research effectively detected fuel adulteration but did not include volume measurement, which is critical for
accurate fuel transactions and detecting fraud at petrol stations.

[11]. Patil, S. et al. (2018) introduced a fuel density detection system using pressure sensors. While the
system successfully identified density variations, it lacked an integrated real-time display for consumer use,
making it difficult for end-users to verify fuel quality at the point of refueling.

[12]. Sharma, R. et al. (2017) developed a digital fuel monitoring system for commercial vehicles. The
system provided insights into fuel consumption but did not detect impurities or adulteration, limiting its
effectiveness for fuel quality assessment.

[13]. Gupta, P. et al. (2016) proposed a fuel dispensing accuracy system to prevent fraud at petrol stations.
However, their research only focused on volume monitoring and did not integrate density or purity detection,
which are equally important for fuel quality assurance.
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[14].  Singh, A. et al. (2016) presented a sensor-based fuel quality analysis system that used chemical sensors
for detecting adulteration. While effective, the system was expensive and not suitable for widespread consumer
use due to its high cost and complex implementation.

[15]. Rajesh, M. et al. (2015) designed an automated fuel quality and quantity monitoring system. However,
it required frequent sensor recalibrations, limiting its practical usability in real-world applications.

I11.PROBLEM STATEMENT

There has been an increasing occurrence of unethical practices at fuel dispensing stations, such as inaccurate
fuel measurements and fuel adulteration. These practices lead to financial exploitation of consumers and
damage to vehicle engines. Adulterated fuel, which may contain impurities like water or kerosene, can result
in engine knocking, reduced combustion efficiency, higher emissions, and long-term damage to critical engine
components. This not only affects vehicle performance and longevity but also undermines consumer trust in
fuel vendors. To address these issues, there is a pressing need for a reliable, real-time fuel monitoring system
that ensures both volumetric accuracy and fuel purity, enhancing transparency, consumer protection, and
engine health.

1\VV.OBJECTIVES

The goal is to implement a system that provides precise measurements of fuel volume during each refill to
ensure accurate tracking of fuel consumption. This system would not only monitor the volume of fuel dispensed
but also calculate the fuel's density, which is essential for ensuring that it meets the required quality standards.
Fuel density can vary with temperature and other environmental factors, so it's critical to measure it accurately
to confirm that the fuel is within specifications for safe engine operation. Additionally, the system would be
designed to detect any water content present in the fuel, which can cause significant engine issues, such as
corrosion or poor combustion performance. By monitoring water levels in real-time, the system can alert the
user or operator to take corrective action before serious problems arise. Finally, this information, including the
fuel's quantity, density, and purity, would be displayed on a user-friendly LCD (Liquid Crystal Display)
display, allowing for easy monitoring and decision-making in refueling operations. This comprehensive
approach ensures that the fuel being used is not only adequate in volume but also of the correct quality, thereby
safeguarding engine performance and reliability.

V.METHODOLOGY

The Fuel Analyzer system is designed to monitor fuel quantity, density, and purity in real-time through a
combination of sensors, a processing unit, and an output display. The flow sensor plays a crucial role in
measuring the volume of fuel dispensed during refueling by detecting the flow rate and sending a signal to
the microcontroller, which then calculates the exact fuel quantity. This ensures consumers receive the correct
amount of fuel and helps prevent fraud. Two pressure sensors are placed at different heights in the fuel tank
to measure the pressure difference, which is used to calculate the fuel's density. By comparing the density
value with standard petrol density, the system can detect adulteration, such as the mixing of fuel with kerosene
or other substances. A conductivity sensor is also included to detect water contamination in the fuel, as water
has a distinct electrical conductivity compared to petrol. If water is detected, the system alerts the user to
prevent potential engine damage caused by impure fuel. The Arduino Uno acts as the central processing unit,
gathering data from the various sensors and calculating fuel volume, density, and purity. This information is
then displayed on a 16x2 (Liquid Crystal Display) LCD, offering a clear and user-friendly interface for
consumers to monitor the fuel details during refueling. The system operates on a regulated 5V power supply,
ensuring stable and reliable performance for all components. Flow chart of the fuel analyzer given below.
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Figure 3.1 Block Diagram of Fuel Analyzer

The Fuel Analyzer system begins with a power-on sequence where the Arduino Uno and all connected
sensors—flow sensor, pressure sensors, conductivity sensor, and (Liquid Crystal Display) LCD—are
initialized. A self-check is performed to ensure each sensor is functioning correctly, and if any sensor fails,
an error message is displayed and further processing is halted. During fuel flow detection, the system
continuously monitors for fuel entering the tank. If fuel flow is detected, the system transitions from standby
mode to measurement mode, and if no fuel is detected, it remains in a low-power standby state. The flow
sensor detects fuel movement using turbine rotation or magnetic pulses, generating pulses proportional to the
flow rate. The Arduino Uno counts these pulses and calculates the total fuel volume using a calibration factor.
The computed fuel quantity is then stored and displayed on the (Liquid Crystal Display) LCD. For fuel density
measurement, two pressure sensors are installed at different heights in the fuel tank to measure the pressure
difference across the fuel

column. Using the hydrostatic pressure formula, the fuel density is calculated and compared with the standard

petrol density range (0.71-0.77 g/cm3).
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Figure 3.2 Flow Chart of Fuel Analyzer
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If the density falls outside this range, the fuel is flagged as adulterated. The conductivity sensor detects water
contamination by measuring the fuel's electrical conductivity, as water has higher conductivity than petrol. If
water is detected, the system displays this information on the (Liquid Crystal Display) LCD. The Arduino
Uno collects and processes data from the sensors to compute fuel quantity, density, and contamination status,
converting raw sensor outputs into meaningful numerical values for display and decision-making. The (Liquid
Crystal Display) LCD continuously updates and shows real-time information such as fuel quantity, density,
and purity status, allowing users to verify fuel quality and quantity during refueling. The system maintains
continuous monitoring and updates the display as long as fuel flow continues. Once the fuel flow stops, the
final readings are displayed, and the system resets to prepare for the next refueling event.

VI.RESULT

The Fuel Analyzer project successfully integrated a flow sensor, pressure transducers, and a conductivity
sensor to measure key fuel parameters such as quantity, density, and purity with high accuracy. This setup
enabled the detection of fuel adulteration and ensured transparency at petrol stations. A real-time monitoring
system allowed users to instantly check fuel quality and quantity, with seamless communication between
sensors and the Arduino Uno for quick data processing. The (Liquid Crystal Display) LCD interface displayed
fuel volume, density, and purity, providing clear and user-friendly data. Overall, the project demonstrated that
by using readily available components, we can create an efficient, reliable, and cost-effective fuel monitoring
system that helps prevent fraud, detect engine damage, and ensure fuel quality, with potential applications in
the automotive and fuel industries

Figure 5. 1.1 Result of Fuel Analyzer with NO water present

This test was done using pure petrol. The system measured a density of 745, which is within the standard
range for petrol (typically around 730-760 kg/m3). The intake fuel volume was recorded as 866 ML.The
message ‘No water’ confirms that the fuel is unadulterated, and the minor volume difference is acceptable
due to normal system variation (e.g., flow sensor margin of error or tube residue). This confirms that the
analyzer is accurately detecting pure fuel.

Figure 5.1.2 Result of Fuel Analyzer with mild water present

This reading shows a slight increase in density (812), which is higher than pure petrol. Since water has a
higher density (~1000 kg/m?3), even a small amount of water mixed with petrol causes the overall density to
rise. The intake fuel volume was recorded as 997 ML. The system correctly identifies this as "mild water",
indicating light adulteration — not ideal, but not severely dangerous either.
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Figure 5.1.3 Result of Fuel Analyzer with water mixture present

This sample has a significantly high density of 907, which strongly indicates a high concentration of water
mixed with petrol. The reading is far outside the pure petrol range. The intake fuel volume was recorded as
997 ML. The system rightly detects this as "water mixed", meaning the fuel is adulterated and not safe for
use, as it can harm engine performance and cause corrosion.

VII.LAPPLICATIONS

The Fuel Analyzer System offers versatile applications across several industries, providing a cost-effective,
scalable, and impactful solution for fuel quality monitoring. In the automobile industry, the system can be
deployed in personal and commercial vehicles to continuously monitor fuel quality and quantity before and
after refueling, helping prevent engine damage, improve mileage, and reduce maintenance costs. For public
and personal transportation, the system can be installed in vehicles to compare fuel purity and volume with
pump-displayed values, ensuring transparent fuel transactions, building customer trust, and preventing
financial losses. Government and regulatory bodies can use the system for fuel quality inspections at fuel
stations, ensuring compliance with fuel density and purity regulations, helping prevent adulteration and
promoting fair trade practices. Additionally, in research and development, the system can be applied in
universities and laboratories to analyze fuel quality, density variations, and contamination impact, advancing
the development of new fuel monitoring technologies. Overall, the Fuel Analyzer System offers a reliable
solution for fuel monitoring across a variety of sectors.

VII1.FUTURE SCOPE

The Fuel Analyzer System offers expansive future applications, providing a robust, scalable, and impactful
solution for fuel quality monitoring. In the automobile industry, the system can be integrated with Internet of
Things (1oT) modules (Espressif Systems microcontroller ESP32 (ESP32), Global System for Mobile
communication, or Long Range (LoRa)) for real-time monitoring, allowing users to track fuel quality and
quantity remotely via a mobile app or web dashboard. This enables better decision-making, improved vehicle
performance and reduced fuel fraud. Artificial Intelligence-driven fuel analysis can enhance the system by
using machine learning algorithms to detect patterns of adulteration and predict quality deviations, providing
advanced fraud detection for both personal and commercial vehicles.

In public transportation and personal vehicles, the system can be connected to smartphones, providing users
with real-time data on fuel quantity, density, and purity, ensuring the fuel matches pump-displayed values.
This integration boosts customer trust and prevents financial losses by offering instant verification of fuel
quality.

Government bodies and regulatory agencies can deploy the system for fuel quality inspections, leveraging
advanced sensors for accurate fuel density and conductivity measurements. This ensures fuel quality
compliance, preventing adulteration and promoting transparency in fuel stations. The system’s future potential
also extends to research and development, where it can be used by universities and laboratories to analyse
fuel quality and contamination impacts. This contributes to advancing the development of new technologies
for fuel monitoring and quality assurance.

The Fuel Analyzer System offers versatile applications across several industries, providing a cost-effective,
scalable, and impactful solution for fuel quality monitoring. In the automobile industry, the system can be
deployed in personal and commercial vehicles to continuously monitor fuel quality and quantity before and
after refueling, helping prevent engine damage, improve mileage, and reduce maintenance costs. For public
and personal transportation, the system can be installed in vehicles to compare fuel purity and volume with
pump-displayed values, ensuring transparent fuel transactions, building customer trust, and preventing
financial losses. Government and regulatory bodies can use the system for fuel quality inspections at fuel

IJCRTBE02022 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 149


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882
stations, ensuring compliance with fuel density and purity regulations, helping prevent adulteration and
promoting fair trade practices. Additionally, in research and development, the system can be applied in
universities and laboratories to analyze fuel quality, density variations, and contamination impact, advancing
the development of new fuel monitoring technologies. Overall, the Fuel Analyzer System offers a reliable
solution for fuel monitoring across a variety of sectors.
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