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 Diesel engines are major source of power for many forms of transportation around the 
world but it emits more smoke. Utilization of bio-fuels (bio-diesel and bio-ethanol) in 
diesel engines gives more environmental and economic benefits to society. Oxygenated 
blend fuel containing volumes of 15% bio-diesel and 5% ethanol was formed and tested 
on a direct injection diesel engine with diesel oxidation catalyst as after treatment 
device. Test results reveal no significant change in engine combustion characteristics 
and fuel economy but appreciable reduction in particulate matter emissions. 
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INTRODUCTION 

 
The environmental concern of the global warming and climate change has greatly increased the interests of 

the use of renewable fuels for transport sector. The transport sector is fastest growing energy-use sector in the 
world and producing around 23% of global CO2 emissions. In the transport sector, road transport alone accounts 
for 74% of CO2emissions. In other words road transport contributes 17% of total CO2 emission globally. Internal 
combustion engine manufacturers all over the world are working to develop engines with high thermal 
efficiency and specific power output but low emissions. Emission control is a function of combustion 
improvement, fuel formulation and after treatment devices. Reduction of emissions from in-use vehicles is 
important for achieving global emission targets. Diesel engines are important power sources that are receiving 
additional attention due to their superior fuel economy and lower green house gas emissions. However, diesel 
engines have the problem of emitting more amount of particulate matter (PM) and oxides of nitrogen (NOX) due 
to its heterogeneous combustion. Combination of fuel formulation and add on after treatment device is effective 
for control of emissions from in-use diesel engines. 

International energy agency says, bio energy is the largest renewable energy contributor to global primary 
energy today and it has the highest technical potential of all renewable energy sources.  Bio-fuels (Ethanol and 
biodiesel) derived from biomass, when used as fuel additive, could partly replace petroleum fuel and restrain the 
life-cycle emission of CO2 [1]. Biodiesel is a fatty acid of ethyl or methyl ester made from virgin or used 
vegetable oils and animal fats. Biodiesel has properties similar to that of petroleum diesel and blending of bio-
diesel with diesel fuel are the easiest method to use biodiesel in diesel engines. The use of biodiesel in 
conventional diesel engines results in substantial reduction of HC, CO and PM with a slight increase in NOx. 
Biodiesel or neat biodiesel refers to the pure fuel before it is mixed with diesel fuel. Biodiesel blends are 
denoted by BXX where XX refers to the percentage by volume of biodiesel added to the diesel fuel. It is 
completely soluble in petroleum based diesel fuel with the majority of blending up to 20 percent because of its 
higher viscosity. Bio-ethanol is a low cost oxygenate with high oxygen content (35%) has also been considered 
for blending with diesel to reduce smoke emissions. Addition of bio ethanol in bio diesel-diesel blend satisfies 
the viscosity requirements of diesel engine fuel. This paved the way to formulate bio ethanol – biodiesel-diesel 
blend fuel with more oxygen content for diesel engine applications [6].  

Diesel oxidation catalysts (DOC) have been widely used to reduce CO and HC emissions as after treatment 
device in diesel engines [8]. The advancements made in the developments of a diesel oxidation catalyst that can 
operate with high-sulfur fuel without significant SO2 formation and low light off temperature provides low 
maintenance and effective emission control with diesel fuel of high sulfur content [5]. In the case of a long 
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distance of the catalyst from the engine, the thermal losses of exhaust gas are significant, leading to lower CO 
and HC conversion efficiency due to lower average temperature and delayed light–off of the catalyst. The light-
off of a catalyst is defined as the temperature at which the catalyst becomes 50% effective. For this reason more 
modern light duty diesel engines use the catalyst quite near to the engine (close-coupled catalysts) which allows 
higher oxidation efficiency. However, the available space is often very little for accommodation of DOC very 
near to engine exhaust manifold [2].  

Utilization of bio-fuels in diesel engines gives more environmental and economic benefits to countries 
which mainly depending on imports for crude oil [7].  To increase bio-fuels utilization, a detailed study of the 
performance of bio-fuel blend is essential. The test fuels have been formed such that it contains 20% volume of 
biofuel in the blend. The addition of DOC for the diesel engines in conjunction with bio-fuels warrants further 
research. The objectives of this study are to investigate the general behavior in combustion   and emissions of 
bio-fuel blend in the diesel engine under different loading conditions with diesel oxidation catalyst as after 
treatment.device.

 
MATERIALS AND METHODS 

 
Test engine and fuels: 

The engine under study is a single cylinder, naturally aspirated DI diesel engine whose major specifications 
are shown in Table 1. A commercially available diesel oxidation catalyst is used with test engine as after 
treatment device. It is located 0.25m downstream of exhaust manifold to simulate variation in space availability 
for DOC accommodation. The inner surface of exhaust pipe is coated with 0.5mm thick layer of partially 
stabilized zirconia (PSZ) using plasma spray method for reducing exhaust gas heat loss. The engine was coupled 
to an eddy current dynamometer through which load was applied. The cylinder pressure was obtained from a 
piezoelectric sensor with built in amplifier made by PCB piezotronics inc., and data acquisition system. The 
AVL Di gas 444-emission analyzer was used to measure the concentration of NO, HC, CO and the smoke 
opacity was measured using AVL Smoke meter.  

 
Table 1:Test engine specifications 

Cylinder bore 87.5 mm 
Stroke  110 mm 
Displacement 661 cc 
Rated power  5 kW at 1500 rpm 
Compression ratio 17.5: 1 
Injection timing 23o BTDC 

 
The regular commercial diesel fuel and analysis grade anhydrous ethanol (99.5% purity) were used in this 

test. In this experiment, ethanol is derived from sugar cane molasses, which is a by-product in the conversion of 
sugar cane to sugar. Considering the resource availability, the non-edible and under utilized vegetable oil from 
honge tree (whose Botanical name is Pungamia pinnata) is used for transesteification process. Therefore these 
bio-fuels do not compromise on the foot security front. 

 
Table 2: Fuel properties 

Properties Diesel E5B15 

Lower heat value (MJ/kg) 42.5 41.1 

Cetane index 48 48.6 

Viscosity at 400 C (mm2/s) 3.18 3.19 

Oxygen content (%) - 3.4 

 
In the current study, bio-fuel blend containing 15% volume of biodiesel and 5% volume of ethanol with 

remaining diesel was prepared. The important fuel properties are listed in Table 2. Addition of ethanol and 
biodiesel in diesel fuel increases the oxygen content of the fuel blend and decreases the heating value of the 
blended fuel.  

 
RESULTS AND DISCUSSION 

 
Combustion analysis: 

The cylinder pressures of diesel engine for the diesel fuel and blend fuel for BMEP of 3.5 bar is shown in 
Figure 1. It can be seen that combustion curve is nearly same for both test fuels. It reveals that the blend fuel can 
satisfy the requirements of diesel engine fuel. 
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Fig. 1: Cylinder pressure 

 
Figure 2, 3, 4 illustrates the net heat release rate against crank angle for blend fuels and diesel under low, 

medium and higher load conditions. It reveals the beginning of heat release is slightly retarded for ethanol – 
biodiesel blended fuel compared to the diesel fuel at lower loads. At lower loads the maximum heat release rate 
for blended fuels is same that of diesel fuel. It is also observed that the maximum heat release rate for the bio-
fuel blend is lower than the corresponding one for the diesel fuel at higher load operating conditions. The 
delayed start of combustion at lower loads and increase in heat release rate is caused by addition of ethanol in 
blend fuel. 

 
 
Fig. 2: Net Heat release rate (1.3 bar) 

 
Fig. 3: Net Heat release rate (3.5 bar) 

 
 
Fig. 4: Net Heat release rate (5.5 bar) 
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Fig. 5: Cumulative heat release 

 
Figure 5 shows the cumulative heat release against crank angle for the diesel fuel and biofuel blends. It is 

observed that the cumulative heat release for the E5B15 blend is same that of the diesel. The total heat release 
depends on energy content of blend fuel and the heat release rate. 

 
3.2 Fuel consumption: 

 
Fig. 6: Fuel consumption 

 
Figure 6 shows the fuel consumption versus engine BMEP for E5B15 and diesel fuel. It can be seen that the 

fuel consumption for E5B15 fuel are slightly higher compared to that of diesel. This behavior is reasonable 
because the oxygenated blend have low calorific value compared to that of diesel fuel.   

 
Emission characteristics:  

 
Fig. 7: Smoke opacity 

 
Figure 7 shows the smoke emission at three loads for the test engine with test fuels. The smoke emission 

increases with load and rate of increase is maximum at full load conditions. The smoke emission significantly 
lowered for oxygenated blend fuels compared to diesel fuel.  The reduction is due to the increase of fuel oxygen 
content by 3.4%. Since the smoke is mainly produced in the diffusion combustion phase, the availability of 
oxygen in the blend fuel leads to an improvement in diffusion combustion. As it is important to control smoke 
emission at higher loads from diesel engines, ethanol-biodiesel-diesel blends are effective in this regard. This is 
because of availability of fuel-bound oxygen in the ethanol and biodiesel even in locally rich zones of 
combustion. Addition of after treatment device diesel oxidation catalyst is found effective in reduction of smoke 
opacity. This is due to oxidation of carbon soot particle by the oxidation catalyst. 
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Fig. 8: Unburned hydrocarbons 

 
It can be found that the HC emissions have increased for ethanol-ester-diesel blend fuel compared with base 

diesel fuel at lower load conditions as shown in Figure 8.  Factors causing combustion deterioration such as high 
latent heat of evaporation of ethanol and low cetane number are responsible for the increased HC emission at 
lower loads. The hydrocarbon emissions are higher at lighter load conditions. This is due to the lower exhaust 
temperature of exhaust gases influencing the oxidation efficiency. 

 
Fig. 9: Nitric oxide 

 
The NO emissions of diesel engine fueled with ethanol-biodiesel-diesel blends for various loading 

conditions are given in Figure 9. The NO emission increases with increase in engine load. The NO emission 
depends on peak combustion temperature, high temperature duration and oxygen concentration in the mixture. 
The combined effect of these factors influences the NO emissions of diesel engines. The ethanol - bio-diesel- 
diesel blend exhibits the potential of reducing smoke emissions without increasing nitric oxide emission.  

 
Conclusions: 

Based on the experimental analysis using oxygenated bio-fuel blends in diesel engines with close-coupled 
diesel oxidation catalyst, the following observations can be made. 

1. When the engine load increases, peak pressure increases; ignition delay and the maximum rate of heat 
release decreases for blended fuels.  

2. The fuel consumption slightly increases at lower loads but same at higher loads with respect to base 
diesel.  

3. The particulate matter emissions were decreases when oxygenated diesel blends were used in diesel 
engines. Unburned hydrocarbon emission increases at lower loads compared with diesel. 

4. Beneficial effects like reduced dependence on fossil petroleum and substituting diesel fuel with a 
renewable resource will increase scope for sustainable mobility. 
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