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Abstract : Experimental work focuses on utilizing n-propanol-biodiesel-diesel blend as pilot 

fuel for biogas operated dual fuel diesel engine. The engine performance and emissions 

characteristics of dual fuel mode were analysed and compared with conventional diesel fuel.  
It is inferred from the test results that NOx-smoke opacity emission were drastically reduced 

under dual fuel mode as compared to diesel. The higher HC emission level was noticed with 

biogas-diesel under dual fuel mode as compared to diesel operation. The utilization of 

oxygenated additives such as n-propanol and biodiesel improves the emissions characteristics 
from diesel engine. However, BTE were found to be lower under dual fuel mode as compared 

to diesel mode. 
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1. Introduction 

Diesel engines are widely used in transportation, agricultural appliances and construction machines 

owing to their high fuel efficiency and durability. However, the NOxand smoke emissions are the main exhaust 

emissions of diesel engines and there is a trade-off relationship between them [1-3].Stringent environmental 
policies, reduction in underground fossil fuel, escalating prices and increased demand for energy have triggered 

interest in more advanced and novel combustion technologies that use renewable and alternative fuels as energy 

sources. There is continuous pressure on emission control through periodically tightened regulations throughout 
the world. In this situation, there is an urgent need to promote use of alternative fuels as substitutes for diesel 

engine [2-4]. 

Biogas run dual fuel diesel engines can be a panacea to the problem of acute power shortage 

particularly in rural areas in India. As is known to all, conventional diesel engine owns the benefit of much 
higher thermal efficiency than SI engine at the expense of high NOx and soot emissions. Hence, the utilization 

of biomass fuel in CI engines will improve the emissions and maintain high efficiency, which will promote the 

application of biomass fuel [3-5].Moreover,gaseous fuels are considered good for internal combustion engines, 
because of their good mixing characteristics with air. The high self-ignition temperature enables them to operate 

with lean mixtures and higher compression ratios, resulting in an improvement in the thermal efficiency and 

reduction in emissions. Biogas is a good renewable gaseous fuel, and is produced by the anaerobic digestion of 
cow dung, non-edible seed cakes, animal waste, food waste, agricultural waste, municipal waste, sewage sludge 

etc [6-8]. 

 Numerous research work on experimental and theoretical investigations concerning the dual fuel diesel-

natural gas operating mode have been reported over the last decades but a very few work has been reported with 
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biogas as primary fuel. Porpatham et al.[9,10] investigated the effect of methane concentration in biogas based 

on a SI engine and found that with rising volume percent of methane, HC emissions decreased significantly 

while NOx emissions maintained almost fixed. Thermal efficiency also increased while the ignition timing was 
needed to be postponed as a strategy to control the cyclic variation. 

Propanol is a potential fuel additive for use in diesel engines and posses several advantages such as 

higher cetane number, high calorific value, lower heat of vaporization and better miscibility with diesel [14]. To 

achieve favorable conditions for ignition, n-propanol requires fewer heat and lower intake air temperature 
because it has low heat of vaporization. Moreover, its blends with biodiesel are to improve solubility and reduce 

viscosity to aid flowability [15]. Overall, n-propanol has physical properties close to diesel thus, n-propanol is 

an important additive or alternative fuel for use in CI engines [ ].  

From the open literature, it was found that none of the research study has been done on utilizing n-

propanol/biodiesel-diesel blend combination as pilot fuel for biogas operated diesel engine. The author’s first 

time reported the utilization of n-propanol/biodiesel-diesel as potential pilot fuel for biogas operated dual fuel 
engine. Finally, the results obtained from the dual fuel operation were compared with those of diesel operation 

and presented in this paper. 

2. Materials and Methods 

The low sulphur diesel fuel was procured from the local retail petrol pump of Indian oil Corporation Limited. 
All the required chemicals such as methanol (Merck, 99.5%), n-propanol (Merck, 98%) and potassium 

hydroxide (KOH) of analytical grade were purchased from Lobachemie Pvt. Ltd. India. Biodiesel from waste 

cooking oil were produced by transesterification reaction. For transesterification, 1 litre of waste cooking oil 
was heated to65 

o
C in a round bottom flask. Catalyst (NaOH-0.5% w/woil) was dissolved in methyl alcohol(270 

ml), and this was poured into the round bottom flask containing the heated waste cooking oil while stirring the 

mixture continuously for 1 h in a biodiesel reactor. 

A temperature of 55 ± 1 
o
C was maintained for 1 h, and the reaction products were allowed to settle under 

gravity for 6 h in a separating funnel. The products of the transesterification process, i.e. waste cooking oil 

methyl ester (biodiesel) and glycerol form the upper and lower layers, respectively. The bottom layer of 

glycerol was removed, and the upper layer of biodiesel was mixed with warm distilled water (10% v/v) in order 
to remove the impurities like unreacted methanol, unreacted oil and catalyst. The mixture was again allowed to 

settle under gravity for 6 h, and the lower layer of water containing impurities was drained out.  

The physio-chemical properties of the tested fuels were analyzed as per international ASTM specifications 
given in Table 1. The pilot fuel blends consisting of combination of waste cooking oil biodiesel-diesel/n-

propanol were denoted as D80–B10–P10 and D60–B20–P20 on volume basis. The pilot fuel blends were 

obtained by mixing on magnetic stirrer to ensure homogeneity of fuel blends. The biogas was procured from the 

School of Energy and Environment, Thapar University, Patiala. The biogas composition is shown in Table 2 
and the test engine specifications are shown in Table 3. 

Table 1 Fuel Properties 

Properties Diesel Test Method Biogas Test Method 
WCO 
Biodiesel 

Test Method 

Chemical 
composition 

C12H26 ――― 

60% CH4, 

40% CO2 

(volume) 

――― RCO2R’ 
ASTM D 
5291 

Density (kg/m
3
) 840 

ASTM D 

4052 
1.1 

ASTM D 

3588 
922 

ASTM D 

1298 

Lower calorific 

value (MJ/kg) 
42 

ASTM D 

4809 
20.67 

ASTM D 

1945 
40.3 

ASTM D 

3338 

Cetane number 45-55 
ASTM D 
613 

――― 
ASTM D 
2699 

63.8 
ASTM D 
613 

Auto-ignition 

temperature (K) 
553 ASTM D 93 1086 ASTM E 659 ――― ――― 

Stoichiometric air 

fuel ratio 
14.92 ――― 10 

ASTM D 

4891 
13.8 ――― 
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Table 2 Composition of biogas 

Components Amount (%) 

Methane ( CH4 ) 50-70 

Carbon Dioxide (CO2) 30-40 

Hydrogen (H2) 5-10 

Nitrogen (N2) 1-2 

Water Vapour (H2O) 0.3 

Hydrogen Sulphide (H2S) Traces 

 

Table 3 Technical specifications of the test engine 

Engine parameter Specification 

Engine model FCD Ltd. 

Number of cylinders 1 

Cylinder bore/stroke 102/110 mm 

Displacement volume 898.84 cc 

Compression ratio 17.5 : 1 

Maximum power 6 kW 

Rated speed 1500 rpm 

Fuel injection pressure 210 bars 

Fuel injection system Direct injection 

Cooling system Forced air cooled 

 

3. Results and Discussion 

The following section illustrated the results of performance and emission characteristics of the diesel 
engine fuelled with the biogas and n-propanol-biodiesel-diesel blend as pilot fuel under different load 

conditions. The effects of pilot fuel blend were analysed on the basis of performance and emission 

characteristics at different engine operating loads at constant speed of 1500 rpm.  

3.1. Brake thermal efficiency (BTE) 

It was observed that the BTE under different biogas-diesel dual fuel mode of operation with both pilot 

fuels was lower than conventional diesel fuel. The poor gaseous fuel utilization was due to a very lean fuel-air 

mixture, which maintains low combustion chamber temperature [36]. The longer ignition delay and low 
combustion temperature close to the point of fuel injection results in slower flame propagation [37]. This can be 

explained by the presence of biogas residuals, higher fuel consumption and low combustion chamber 

temperature.At full load the BTE of dual fuel mode with P10B10D80 and P20B20D60 were 23.4% and 22.4% 

when compared to diesel fuel (26.4%) and B20 (25.5%). 
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Figure 1 Variation of brake thermal efficiency with engine load 

3.2. Oxides of Nitrogen (NOx) 

The NOx concentration under biogas fuelled dual fuel engine is lower than diesel mode. With increasing 

n-propanol concentration, the NOx formation slightly increases at all engine load conditions. This can be 

attributed to the increase in level of oxygen content of the n-propanol-biodiesel blended fuel. In the biogas 

fuelled dual fuel operation the presence of inert gases such as CO2, having higher specific heat dilutes the 
cylinder charge and significantly reducing the peak combustion temperature and oxygen availability [39,40]. 

The presence of oxygen content in the biodiesel fuel plays a vital role in increasing NOx emission from 

biodiesel operated diesel engine [42]. 

 

Figure 2 Variation of NOxemissionwith engine load 

3.3. Smoke opacity 

 It is revealed from the Figure 4 that biogas fuelled diesel engine gives lower smoke emissions due to 

reduction in flame temperature because of the available CO2 in biogas[43]. Another reason may be the presence 
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of methane in biogas, as the main constituent, i.e. the lower member of the paraffin family and have a very 

small tendency to produce soot [44,45]. The addition of n-propanol in the pilot fuel blend under biogas fuelled 

dual fuel engine is very effective in controlling smoke opacity in the engine exhaust. The most significant 
feature is that with increasing n-propanol concentration, the smoke opacity decreases at all engine loads. The 

smoke is mainly associated with burning of pilot liquid fuel. The reduction of smoke opacity with biogas 

fuelling is mainly caused by reduced soot formation and enhanced soot oxidation [46]. The presence of oxygen 

content in n-propanol and biodiesel blended fuel plays vital role in enhanced oxidation of the fuel. 

 

Figure 3 Variation of smoke opacity emission with engine load 

3.3. Hydrocarbon (HC) 

The biogas fuelled dual fuel mode of operation with both pilot fuels was higher than diesel fuel at all 

loads. At low to intermediate load condition, the higher hydrocarbon emissions in the dual fuel mode are due to 

the very lean premixed charge, lower combustion temperate and slower flame propagation leads to the higher 

amount of hydrocarbons emitted in exhaust [49].At higher loads, due to higher combustion chamber 
temperature, more complete oxidation takes place which subsequently reduces the level of hydrocarbon 

emission than lower loads under dual fuel mode [50]. The addition of n-propanol concentration helps in 

improving the enhanced oxidation of fuel under dual fuel mode. 

 

Figure 4 Variation of HCemissionwith engine load 
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4. Conclusions 

The present experimental investigation explores and highlights the potential of n-propanol-biodiesel 

blend as pilot fuel for biogas dual fuel diesel engine. The oxygenated feature of n-propanol and biodiesel 

improves the emission characteristics by drastically reducing the well known trade-off of NOx-smoke opacity 

from biogas dual fuel diesel engine. The brake thermal efficiency was lower under dual fuel mode as compared 
to diesel at all engine load patterns. The emission of unburned hydrocarbon is higher under biogas dual fuel 

mode as compared to diesel. Hence, the usage of n-propanol-biodiesel-diesel blend as pilot fuel under biogas 

dual fuel operation is a promising alternative fuel for diesel engine in terms of performance and emissions 
characteristics. 
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