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ABSTRACT–Water-in-diesel emulsion fuel has become a popular alternative fuel for diesel engines. The main limitation is 

related to its stability, whereby it relies heavily on surfactants to remain homogeneous, therefore causing production costs to 

rise. This paper highlights the application of real-time non-surfactant emulsion fuel supply system (RTES), a water/diesel 

emulsifying device without surfactants, to produce water-in-diesel emulsion fuel in a common rail direct injection diesel 

engine powered vehicle. In this study, RTES was installed near to the diesel fuel pump to ensure water-in-diesel emulsions 

were continuously fed to the engine. The test vehicle was set up on a roller dynamometer and operated following a modified 

West Virginia University (WVU) 5-Peak cycle. Fuel consumption and exhaust emissions were measured to determine the 

optimum water percentage of emulsion fuel and suitable timing for emulsion fuel to be introduced into the fuelling system 

based on the vehicle speed. The results revealed that the optimum water percentage of the emulsion fuel for the test vehicle is 

10 wt%, as it was capable to reduce fuel consumption as well as nitrogen oxides and smoke emissions of a common rail direct 

injection diesel engine powered vehicle. 

 

KEY WORDS : Emulsion fuel, Non-surfactant, Common rail diesel engine, Diesel emissions, Water-in-diesel 

 

 

NOMENCLATURE 

CO : carbon monoxide 

CO2 : carbon dioxide 

D2  : Malaysian low grade diesel Euro 2m 

ECU : engine control unit 

E10 : 10 wt% water-in-diesel 

E15 : 15 wt% water-in-diesel 

E6.5 : 6.5 wt% water-in-diesel 

FTP : federal test procedure 

HC : hydrocarbon 

HWFET : highway fuel economy test 

NOx : nitrogen oxides 

OH : hydroxide ion 

RTES : real-time non-surfactant emulsion fuel supply 

system 

SUV : sport utility vehicle 

W/D : water-in-diesel 

WVU : West Virginia University 

 

1. INTRODUCTION 

Scientists are carrying out different approaches to minimize 

harmful emissions from diesel engines such as the 

implementation of after-treatment, exhaust gas recirculation, 

multiple fuel injection strategies, and the use of alternative 

fuels (Pan et al., 2019; Venu et al., 2019; Zhang et al., 

2020). Water-in-diesel (W/D) emulsion fuel or written here 

as emulsion fuel has become one of the favoured alternative 

fuels for diesel engines because of its ability to lower down 

exhaust emissions without any minimal drawbacks in 

engine performance (Khatri and Goyal, 2020). Since 

emulsion fuel is made from two or more immiscible liquids 

that will separate with time, stability becomes the major *Corresponding author. e-mail: wira@utm.my 


