
   

  
  

1 

METHOD AND SYSTEM FOR DETECTING AT LEAST ONE 

CONTAMINANT IN A FLOW OF A LIQUID FUEL  

  

TECHNICAL FIELD 

 

[0001] The present disclosure relates broadly, but not exclusively, to fuel quality 

monitoring, particular, methods and systems for detecting at least one contaminant in a 

flow of a liquid fuel.  

 

 

BACKGROUND 

 

[0002]  Bunkering, i.e. refuelling of ships, is estimated to be a US$ 125 billion industry. 

Fuel accounts for 60% of a ship’s operating costs. Off-specification or contaminated fuel 

can adversely affect engine performance and cause serious damages. Such incidents 

are not uncommon, as over 100 ships a year are subject to such issues. To remove the 

contaminated fuel from the fuel tanks is typically costly, as the ship’s operations need to 

be halted and professional equipment and personnel need to be brought on-board. With 

the International Maritime Organization (IMO) enforcing new compliance regulations on 

fuel, an off-specification fuel may be heavily fined. As fuel quality varies significantly in 

different regions or markets, improved fuel quality testing is imperative.  

 

[0003] The current method of lab testing of fuel quality is based on a sampling method, 

and is manual, slow and prone to human and unforeseen errors. The test reports from 

this sampling method generally take 1-7 days to obtain, and until that time, the crew of 

the ship has no information about the fuel. Such delays are therefore costly and 

potentially disruptive. 

 
[0004] It may be desirable to provide methods and devices for detecting contaminants in 

a liquid fuel that can address at least some of the above problems. 

 
 
SUMMARY 

 
[0005] An aspect of the present disclosure provides a method of detecting at least one 

contaminant in a flow of a liquid fuel within a pipeline. The method comprises measuring one 

or more parameters of a flow of the liquid fuel between two points on the pipeline; 

determining, based on the measured  
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one or more parameters, one or more properties of the liquid fuel, and thereby establishing a 

correlation between the flow parameters and the fuel properties; extracting a plurality of 

features from selected ones of the one or more parameters and the one or more properties 

of the liquid fuel, wherein the features are associated with a change in one or more said 

properties; and applying a trained classification model on the extracted features to determine 

a type and a quantity of at least one contaminant in the liquid fuel. 

 

[0006] The one or more parameters of the flow may be measured at a selected frequency, 

and the method further may comprise recording the one or more parameters of the flow and 

one or more properties of the liquid fuel as respective time series. Extracting the plurality of 

features may comprise running a feature window of a selected size over each of the 

selected ones of the time series. 

 
[0007] The method may further comprise generating an alert if the quantity of the at least 

one contaminant is outside a predetermined range. 

 
[0008] The one or more parameters of the flow may be selected from a group consisting of a 

differential pressure, a static pressure, a temperature and a mass flow rate. The one or more 

properties of the liquid fuel may comprise a density and a viscosity. The features may be 

selected from a group consisting of a slope, an amplitude, a wavelength, a frequency, a 

skewness, a magnitude, and a root mean square value. The at least one contaminant may 

be selected from a group consisting of water, sulphur, an oil, a gas, and a solid. The liquid 

fuel may comprise a fuel oil or a distillate. 

 
[0009] The classification model may be trained based on a plurality of sets of labelled 

training data, and the labelled training data may comprise one or more of a liquid fuel with 

known properties, a liquid fuel with one or more known contaminants, and a flow with known 

parameters. 

 
[0010] Another aspect of the present disclosure provides a system for detecting at least 

one contaminant in a flow of a liquid fuel within a pipeline. The system comprises a plurality 

of sensors configured to measure one or more parameters of a flow of the liquid fuel between 

two points on the pipeline, and a processor. The processor is configured to determine, based 

on the measured one or more parameters, one or more properties of the liquid fuel, and 

thereby establishing a correlation between the flow parameters and the fuel properties; 

extract a plurality of features from selected ones of the one or more parameters and the one 

or more properties of the liquid fuel, wherein the features are associated with a change in 

one or more said properties; and apply a trained classification model on the extracted 

features to determine a type and a quantity of at least one contaminant in the liquid fuel. 
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[0011] The plurality of sensors may be configured to measure the one or more parameters of 

the flow at a selected frequency, and the processor may be further configured to record the 

one or more parameters of the flow and one or more properties of the liquid fuel as 

respective time series. The processor may be configured to run a feature window of a 

selected size over each of the selected ones of the time series to extract the plurality of 

features. 

 
[0012] The processor may be further configured to generate an alert if the quantity of the at 

least one contaminant is outside a predetermined range. 

 
[0013] The one or more parameters of the flow may be selected from a group consisting of a 

differential pressure, a static pressure, a temperature and a mass flow rate. The one or more 

properties of the liquid fuel may comprise a density and a viscosity. The features may be 

selected from a group consisting of a slope, an amplitude, a wavelength, a frequency, a 

skewness, a magnitude, and a root mean square value. The at least one contaminant may 

be selected from a group consisting of water, sulphur, an oil, a gas, and a solid. The liquid 

fuel may comprise a fuel oil or a distillate. 

 
[0014] The classification model may be trained based on a plurality of sets of labelled 

training data, and the labelled training data may comprise one or more of a liquid fuel with 

known properties, a liquid fuel with one or more known contaminants, and a flow with known 

parameters. 

 
[0015] Another aspect of the present disclosure provides a system for detecting at least 

one contaminant in a flow of a liquid fuel within a pipeline. The system includes a closed 

conduit through which the liquid fuel flows; a plurality of sensors disposed along the closed 

conduit; a mass flow meter connected to the closed conduit; and a processor 

communicatively coupled to the plurality of sensors and the mass flow meter. The processor 

is configured to monitor one or more parameters of the flow between two points on the 

pipeline and one or more properties of the liquid fuel based on outputs from the plurality of 

sensors and the mass flow meter. The processor is configured to apply a trained 

classification model to determine a type and a quantity of at least one contaminant in the 

liquid fuel based on features associated with a change in the one or more parameters of the 

flow and the one or more properties of the liquid fuel over a selected time period.  
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