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ABSTRACT 
 

As a developing and the most populous country in the world, India faces major 

challenges of energy supply and environmental protection. It is of great importance to 

develop clean and alternative fuels for internal combustion engines and vehicles. The 

search for clean, green, and viable energy alternatives has assumed a sense of urgency 

with the rise in India’s vehicle population and petroleum consumption with every 

passing day. Di-methyl Ether (DME) will be a solution for energy security and 

environmental protection in India. A diesel engine is a prime mover that can be 

applied in a wide variety of uses that support our lives because of its originally high 

efficiency, easy operability, and high levels of safety. As experience many alternative 

fuels have been investigated, each with its special advantages and disadvantages: 

alcohol fuels are difficult to burn smoothly due to their low cetane number, while 

CNG need to change the cycle to Otto cycle which needs spark ignition with 

consequent loss of the high thermal efficiency of the diesel cycle. Moreover, due to its 

emission of relatively large amount of air pollutants such as NOX and particulate 

matter (PM), diesel engines have come to be a focus of attention with regard to the 

issues of CO2 and air pollution. A review of work done so far on Di-methyl Ether 

(DME) as alternative fuel is presented in this article.  

 

KEYWORDS: Environmental Protection, Alternative Fuels, Di Methyl Ether (Dme),   

Fuel Injection Quantity, Engine Exhaust Emissions 
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1. INTRODUCTION 

The world has been confronted with an energy crisis. The most used fuel, 

petroleum, which is associated with the increase of environmental problems. 

Transport is almost totally dependent on, petroleum-based fuels such as gasoline, 

diesel fuel, liquefied petroleum gas (LPG) and natural gas (NG). The total on-road 

vehicle population in India was around 85 million in 2010 and estimated to increase 

by seven times by 2016. In addition, India’s total petroleum consumption grew 6.8% 

to 128.94 Annual diesel consumption in India is approximately 52 million tons, i.e., 

40% of the total petro products consumption. Since India imports three-quarters of its 

crude oil needs, this places a severe burden on the economy especially since its 

growing economy has led to a steady increase in the demand for oil [1]. 

To meet the rising energy demand and reducing petroleum reserves, fuels such as 

biofuel are in the forefront of the alternative fuel technologies [2]. Due to Diesel 

engine's high thermal efficiency and low CO and HC emissions it has always been the 

most favorite choice among various types of internal combustion engines. For this 

reason, methanol, ethanol, biodiesel and bio-gasoline are being researched as 

alternative fuels. Recently, attention has been directed towards Dimethyl ether (DME; 

CH3-O-CH) because of it’s interesting properties, high cetane number and no soot 

formation, instantaneous vaporization when injected into the cylinder, but also 

because of smoke-free combustion characteristics. This fuel can be produced from 

natural gas which is of interest to the countries with their own vast resources of 

natural gas [3].  Although some fundamental studies were reported in about burning 

velocities, spray and ignition characteristics, compression ignition delay of DME, 

most studies on NOx emissions of DME were concentrated on the engine application. 

DME is promising candidate as alternate fuel. 

 

2. RESULTS AND DISCUSSIONS  

The properties of DME and diesel fuel are shown in Table 1. It can be seen 

that the properties of DME are quite different from those of diesel fuel. Its handling 

characteristics are very similar to LPG, a widely used fuel for spark ignition engines. 

The heat value of DME is significantly lower than conventional diesel fuel. Therefore, 

the fuel supply and injection system, and the combustion system of the engine should 

be redesigned or modified. The unique auto-ignition qualities of DME, due to its very 

high cetane number could be best utilized by high pressure ignition of liquid phase 
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DME directly into a cylinder. In addition to the advantages above, it has a low 

carbon-to-hydrogen ratio (C:H) with a chemical formula of  CH3–O–CH3  as shown 

in Fig. 1. Gaseous DME is denser than air while liquid DME has density two thirds 

that of water. The vapour pressure is similar to that of LPG and requires the same 

handling and storage precautions. DME is non-toxic and environmentally benign. 

DME displays a visible blue flame when burning over a wide range of air–fuel ratios 

[4]. The main disadvantage of DME for application in diesel engines is its low 

viscosity which causes an unacceptable amount of fuel leakage in the injection pump. 

Low lubricity of this fuel is another problem, with conventional fuel injection system 

[5].  

Fig. 2 shows the effect of fuel injection pressure on the relation between 

injection quantity and energizing duration for DME and diesel fuel. The injection rate 

characteristics of both fuels, as obtained from an injection rate measuring system, are 

illustrated in Fig. 3 a & b. The injection delay of DME fuel was a little shorter, as 

shown in Fig. 3(a), and the peak injection rate of diesel fuel was a little higher than 

that of DME fuel, about 2.5 mg/ms in each case. Fig. 3(b) shows the injection rate 

profile at two different injection pressures. 

2.1 DME engine exhaust emissions: The comparison of NOx emission between 

DME and diesel fuel under different engine loads and at engine speeds of 1400 r/min 

and 2200 r/min has been performed. It is illustrated that the DME engine exhibits 

substantial reduction in NOx emission at all test range of loads and speeds. At the 

BMEP of 1.52 MPa and engine speed of 1400 r/min, NOx emission of the DME 

engine is reduced by 28.1%, in comparison with that of the diesel engine. At 2200 

r/min, the NOx emission is reduced more significantly for the DME engine. The 

comparison of HC and CO emission between the DME engine and the diesel engine 

under different engine loads at an engine speed of 1400 r/min and 2200 r/min. HC 

emission of DME is significantly lower than that of diesel fuel at all test range of 

loads and speeds. It is supposed that the low boiling temperature and high vapor 

pressure of DME will promote fuel atomization, mixture formation and combustion 

which result in low HC emission. CO emission of the DME engine is almost the same 

as that of the diesel engine at low engine load. DME presents almost zero emission of 

smoke at all test engine loads and speeds. High oxygen content and absence of C–C 

bonds in the molecular structure of DME promises a smoke-free combustion. The fuel 

injection characteristics of DME as a fuel for a compression ignition engine equipped 
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with a common-rail injection system were investigated using an injection rate, 

injection parameters and nozzle flow model accounting for cavitation. The 

combustion and exhaust emission characteristics were also investigated via a single 

cylinder compression ignition engine, and the results were compared with those 

obtained by conventional diesel fuel [5-6]. 

The exhaust and noise emissions of an engine running on DME are much 

lower than a similar engine running on diesel fuel. Smoke is almost nonexistent and 

oxides of nitrogen NOx emissions can be reduced to very low levels. Smokeless 

combustion is achieved with DME fuel under all operating conditions because the 

oxygenate fuel high oxygen concentration of 35% by weight and the fast diffusion 

combustion suppress soot formation. The low NOx levels with DME are due to the 

low in-cylinder temperature fuel. Di methyl ether (DME), whose chemical formula is 

CH3–O–CH3, is the simplest ether compound and has been known to be both non-

toxic and environmentally benign. 

 

3. CONCLUSIONS 

Bio-DME is one of the promising alternatives for diesel fuel. For India in particular, 

the main advantage is that there is potential for large-scale economically viable 

production of DME from biomass. Other advantages of using DME as a diesel 

replacement include the reduced NOx emissions, near-zero smoke, and less engine 

noise. Overall, bio-DME has been shown to be a feasible alternative for meeting the 

transportation needs for the growing economy in India.  The effect of energizing 

duration on the injection rate shows that the injection delay of DME was shorter and 

the peak injection rates of diesel fuel in each case are a little higher than those of 

DME. The comparison between DME and diesel spray development shows that the 

diesel spray was wider and longer than DME under identical injection conditions. 

Further research is necessary before going for practical use of DME as fuel. 
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Figure Captions 

 

Fig. 1. Structure of Dimethyle Ether (DME) 

Fig. 2. Fuel injection quantities of diesel and DME fuels 

Fig. 3 (a&b). The injection delay and rate profile at two different injection pressures. 

Table 1. Properties of DME and Diesel fuels 
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Fig. 1. Structure of Dimethyle Ether (DME) 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Fuel injection quantities of diesel and DME fuels 
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Fig. 3 (a&b). The injection delay and rate profile at two different injection pressures. 

 

 

Table 1. Properties of DME and Diesel fuels 

 

 
 

 
 
  


