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ABSTRACT 

The increasing industrialization and motorization of the world has led to a steep rise for the 

demand of petroleum-based fuels. Petroleum-based fuels are obtained from limited reserves. 

These finite reserves are highly concentrated in certain regions of the world. Biodiesel has 

received, and continues to receive, considerable attention for its potential use as alternative 

fuels. Biodiesel is methyl or ethyl ester of fatty acid made from animal fat or vegetable oils. 

The main resources for biodiesel production can be non-edible oils obtained from plant 

species such as Jatropha curcas (Ratanjyot), Pongamia pinnata (Karanj), Calophyllum 

inophyllum (Nagchampa), Hevca brasiliensis (Rubber) etc. Application of biodiesel in diesel 

engine results in lower emissions. The fuel properties of biodiesel are very similar to the 

diesel fuel so it can work in existing infrastructure for conventional diesel without any 

modification in diesel engine. A wide range of diesel engine sizes and types was tested in the 

reviewed literature. This article provides a review on emission characteristics and 

comparison between the performance characteristics, efficiency of biodiesel and diesel 

engine in compression ignition (CI) engines.  
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INTRODUCTION 

In this century in order to meet the emergent energy needs as a consequence of spiralling 

demand and diminishing supply, alternative energy sources predominantly bio-fuels are 

receiving more attention. The invention of internal combustion engine and subsequent 

developments in engine technology led to extensive exploitation of the petroleum reserves, 

which were being depleted at a rapid rate. It is very common for all articles based on 

biodiesel to start claiming that Rudolf Diesel fuelled one of his early engines with peanut oil 

at the Paris Exhibition in 1900 [1]. The first known report of using esters of vegetable oils as 

a motor fuel was described in a Belgian patent granted to G. Chavanne [2]. In 1930s and 

1940s vegetable oils were used as diesel fuels, but only in emergency situations [3,4]. With 

the increased availability of petroleum in the 1940s, research into vegetable oils decreased. 

Certainly, the petroleum crisis exploded in the late 1970s and early 1980s and the petroleum 

products became very scarce and expensive. Since then, research interest has expanded in the 

area of alternative fuels which are comparable to conventional fuels. In 1979 research into the 

use of transesterified sunflower oil and its refining to the diesel fuel standard was initiated in 

South Africa. By 1983 the process to produce fuel quality engine-tested biodiesel was 

completed and published internationally [5]. 

Applications of biodiesel in diesel engine having advantages like decreased net carbon 

dioxide, carbon monoxide, hydrocarbon, and particulate matter emissions, and its fuel 

properties akin to conventional diesel for ease of use in diesel engines. However, some 

drawbacks include lower heating values, poorer cold flow characteristics, and mainly 

reported higher emissions of oxides of nitrogen. Biodiesel can be used in its pure form or can 

be blended with diesel to form different blends. Because the properties of biodiesel are 

similar to conventional diesel fuel so it can be used in CI engines with very little or no engine 

modifications or in other words we can say that it can work in existing infrastructure for 

diesel fuels. 

As compared to gasoline engines, diesel engines are extensively used as power sources in 

medium and heavy-duty applications due to lower fuel consumption and lower emissions of 

carbon monoxide (CO) and unburned hydrocarbons (HCs). High emission level of exhaust 

NOx and particulate matter are major environmental drawbacks of using diesel engine.  

Because of this research interest has expanded in the area of alternative fuels which are 

comparable to conventional fuels. This paper presents the effect of alternative fuel 

particularly biodiesel on emission characteristics of the diesel engine by means of a literature 
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review. 

BIODIESEL 

An intensified search for alternative sources of energy has caused due to increasing concerns 

of feedstock as related to the safety of the supply and using domestic energy sources, price 

instability and continuing depletion of the reserves of non-renewable petroleum and 

greenhouse gas emissions. Different production processes using fats and oils as feedstocks 

yield fuels with different compositions and properties. The most prominent of these fuels is 

biodiesel [6,7], which is defined as the mono-alkyl esters of animal fats or vegetable oils 

(both edible and non-edible), obtained by transesterification of an oil or fat with an alcohol.  

Biodiesel is produced through a process known as transesterification. This is a well known 

chemical process in organic chemistry whereby an ester is reacted with an alcohol to form 

another ester and another alcohol. The industrial-scale processes for transesterification of 

vegetable oils were initially developed in the early 1940s to improve the separation of 

glycerin during soap production [8]. By the application of transesterification process the 

viscosity of the oil can be reduced to a range closer to that of petro-diesel. For informational 

purpose a replication of the transesterification process is shown in fig. 1. In this figure the 

structure of the methyl ester, with the relative positioning of the fatty acid chain is shown [9]. 

The general scheme of the process is to modify a triglyceride into a fatty acid methyl ester. It 

is to be noted that R1 through R3 represent fatty acid chains of either the triglyceride or the 

methyl ester. 

 

The term biodiesel defines a fuel comprised of fatty acid ethyl or methyl esters made from 

animal fats or vegetable oils, whose properties are good enough to be used in diesel engines. 

The main resources for biodiesel production can be non-edible oils obtained from plant 

species such as Jatropha curcas, Pongamia pinnata, Calophyllum inophyllum, Hevca 

brasiliensis etc. Many researchers have concluded that biodiesel holds promise as an 

 
Fig 1. Transesterification process, replicated from [9].  
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alternative fuel for diesel engines. Biodiesel can be blended with mineral diesel in any 

proportion to create a biodiesel blend because the major reason for not using a neat vegetable 

oil as fuels in diesel engine is its high viscosity and low volatility. The problems associated 

with application of raw vegetable oils in diesel engine are severe engine deposits, injector 

coking, filter gumming problems, piston ring sticking and thickening of the lubricating oil 

identified in the literature [10].  

The specification for biodiesel (B100) are ASTM D6751 [11] in USA biodiesel standard and 

EN 14214 [12] in European biodiesel standard, although ethyl esters are not yet 

acknowledged as biodiesel in Europe [13]. Apart from viscosity and cetane number, other 

properties having influence on NOx emissions, i.e. bulk modulus, iodine number, oxygen 

content, density, aromatics content and heating value are not the requirements of ASTM 

D6751. Pure biodiesel (B100) and biodiesel blends (BXX) can be used in any CI engine that 

is already designed to be operated on diesel fuel including diesel-powered cars, trucks, 

tractors and boats. Basically no engine modifications are necessary, especially in newer 

equipment. Biodiesel can be blended with petroleum diesel in any proportion. Three main 

blends of special interest are B2, B20 and B100. B2 contains 2% biodiesel in 98% petroleum 

diesel, B20 contains 20% biodiesel and B100 contains 100% biodiesel. Blends of up to 20% 

biodiesel (B20) can be used in nearly all diesel equipment and are compatible with most 

storage and distribution equipment. Generally these low-level blends do not require any 

engine modifications. Higher blends and 100% biodiesel (B100) may be used in some 

engines with little or no modification, although the transportation and storage of B100 

requires special management. The blend of 75:25 ester/diesel (B25) gave the optimum 

performance [14, 15]. It does not require the separate infrastructure for storing purpose 

because it can be stored just like mineral diesel.  

The environmental benefits of biodiesel include significantly lower exhaust emissions. Life-

cycle reductions in carbon dioxide are also considerable. The extensive use of biodiesel is 

based on the following attractive features [16, 17]:  

(1) It is renewable, less toxic and non-petroleum-based fuel; (2) Because the fuel properties 

of biodiesel are similar to petroleum diesel so it can be used in traditional CI engine with no 

or minor modifications; (3) Domestically it can be produced, offering the possibility of 

reducing petroleum imports; (4) It is biodegradable and can help in reducing the green house 

gas (GHG) emissions and (5) Relative to conventional diesel fuel, its exhaust emissions 

levels are less. 

The percentage of biodiesel used in a blend will affect the extent of the environmental and 
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public health benefits, with higher percentages of biodiesel corresponding to larger benefits. 

Including this some negative attributes of biodiesel are [16, 17]: 

(1) High manufacture cost because of expensive feedstocks and transesterification; (2) Lower 

storage stability and material compatibility issue; (3) Lower heating value, lower volatility, 

less favourable cold flow properties and higher viscosity and (4) Possibly higher NOx 

emissions. 

EXPERIMENTAL DETAIL 

In the reviewed literature a wide range of types and sizes of diesel engine have been tested, 

particularly the four-stroke, turbocharged, direct injection and water cooled diesel engines. 

Different type of biodiesel and biodiesel blends were tested in these literatures and emission 

characteristics were compared with the conventional diesel fuels. Since engine characteristics 

might have some influence on the effects of biodiesel, this information has been considered 

useful to this study.  

RESULTS AND DISCUSSION 

Exhaust Emissions 

The major contributor to exhaust emissions of a diesel engine includes the carbon monoxide 

(CO), unburned hydrocarbon (HC), nitric oxide (NO) and smoke. These emissions are 

measured to observe the effect of using biodiesel as alternative fuel. Among these, CO2, NOx 

and smoke plays major role to serious public health problems and also contribute a big role in 

the global warming. CO and unburned HC emission represent lost chemical energy that is not 

fully utilized in the engine.  

Studies focused on the application of biodiesel in diesel engine reported that there is a 

reduction in unburned HC, CO, CO2 and smoke opacity is observed while the opposite results 

for NOx emissions was reported when compared the results with the petroleum based diesel 

fuel. Some supporting work is discussed in this section. Mustafa et al. [18] studied water 

cooled, naturally aspirated DI diesel engine with the waste palm oil methyl ester (WPOME), 

canola oil methyl ester (COME) and petroleum based diesel fuel (PBDF) and reported that 

the biodiesels produced lower unburned HC, CO emissions and smoke opacity compared to 

PBDF at all engine speeds. The optimum reductions in CO and smoke opacity were achieved 

with WPOME which are 88% and 74% lower than that of PBDF at 1000 rpm test speed, 

respectively.  Senatore et al. [19] observed the combustion and emission characteristics of a 

turbocharged DI diesel engine fuelled with a mixture of rapeseed methyl ester and diesel fuel 

and reported the significant reductions in the CO and smoke emissions with higher NOx 
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emission when biodiesel was used. A considerable reduction in NOx emissions for the high-

oleic soybean biodiesel and no significant differences in unburned HC and smoke emissions 

were observed by Mustafa et al. [20], when compared standard soybean oil biodiesel with 

conventional diesel fuel. In a four-cylinder turbocharged diesel engine the effect of using 

blends of methyl and isopropyl esters of soybean oil with No.2 diesel fuel at several steady-

state operating conditions was studied by Chang et al. [21] and reported a significant 

reduction in emissions of CO and unburned HC with  increment of 12% in NOx emissions for 

biodiesel blends. The fuel blends containing 20, 50 and 70% methyl soyate and 20 and 50% 

isopropyl soyate were tested. Kalam et al. [22] evaluated the emission characteristics of a 

diesel engine operating on waste cooking oil such as 5% palm oil with 95% ordinary diesel 

fuel and 5% coconut oil with 95% ordinary diesel fuel. The results shows reduction of 

exhaust emissions such as unburned hydrocarbon (HC), smoke, carbon mono-oxide (CO), 

and nitrogen oxides (NOx) is offered by the blended fuels.  

A reduction in CO2 emissions about 8% and 5% is observed respectively for WPOME and 

COME when compared with PBDF at all engine speeds. The variation of CO2 emission under 

speed characteristics is shown in fig. 2 [18] in which it can be clearly seen that the CO2 

emission for WFOME and COME is always less at all engine speeds when compared to 

PBDF. 

 

Qi et al.[23] used the biodiesel fuel produced from soyabean crude oil and diesel fuel in a 

naturally aspirated, direct injection, water cooled diesel engine and reported an average 

reduction of 27% in both HC and CO emissions when using biodiesel as fuel as compared to 

diesel fuel. The variation of HC emissions and CO emissions under speed characteristics at 

full load is shown in fig. 3 and fig. 4 respectively. 

 

 
Fig 2. Comparison of CO2 emissions for the test fuels  

[18]. 
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Anand et al. [24] investigated the emission characteristics of neat karanji biodiesel and its 

methanol blend in a diesel engine and observed that HC emissions are slightly higher for 

biodiesel- methanol blend at low load conditions and with increase in load the differences in 

HC emissions are insignificant between the test fuels. The comparison of unburnt 

hydrocarbon and carbon monoxide emissions of biodiesel-methanol blend and neat biodiesel 

fuel at varying load conditions is shown in fig. 5. 

 

 
Fig 4. CO emissions for biodiesel and diesel under speed 

characteristic at full load [23]. 

 

 
Fig 3.  HC emissions for biodiesel and diesel under 

speed characteristic at full load [23]. 

 

 
Fig 5. Variations of unburnt hydrocarbon and 

carbon monoxide emissions with load for biodiesel-

methanol blend and neat biodiesel [24]. 
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An average reduction of 22.46% respectively in smoke density was observed by Zafer and 

Kocak [25] when using waste frying oil methyl ester (WFOME) as biodiesel fuel and 

compared its emission characteristics with No.2 diesel fuel in four cylinder, direct injection, 

turbocharged diesel engine. The variation of smoke density under speed characteristics is 

shown in fig. 6. In this figure it can be clearly seen that the smoke density for WFOME fuel 

at all engine speeds is always lower than CO emissions produced with No. 2 diesel fuel.  

 

Unburned hydrocarbon (HC) is an important parameter for determining the emission 

behaviour of the engine. From the various sources in the engine cylinder the formation of 

unburned HC originates. HC level is in absolute terms small for diesel engine for any case. 

Generally by the survey of literatures we can say that HC emissions are a bit higher for 

biodiesel-methanol blend at low load conditions but it is insignificant between two fuels 

when the load is increased. At low load conditions the extent of fuel injected is lower which 

results in a lean mixture and the addition of methanol lowers the cylinder gas temperature due 

to its cooling effect and their united effect results in the incomplete combustion of a 

significant portion of the blend leading to higher HC emissions [25]. Then again, the high 

oxygen content of methanol is favourable to reduce HC emissions. So there is slight 

difference of HC emissions among all tested fuels.  

CO emissions from a diesel engine generally depend upon the physical and chemical 

properties of the fuel. Due to higher fuel-air equivalence ratio, significant reduction in 

emissions of CO was observed at full load conditions while the differences in CO emissions 

are insignificant for two fuels at low load conditions when biodiesel compared with diesel 

fuel.  At full load condition fuel-air equivalence ratio is high so it is understandable that 

higher oxygen content of biodiesel leads to possible complete combustion. With the addition 

of methanol in the blends the variation of CO is not clear.  

The reason for smoke formation is incomplete combustion. The formation of smoke takes 

 
Fig. 6. Smoke density versus engine speed [25]. 
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place in diffusion combustion phase and the parameters that affect it are local/global fuel-air 

equivalence ratio, fuel spray properties and the combustion temperature. The smoke is 

denoted by the ratio of light absorb coefficient (k) and power output to eliminate the 

influence of power output. It can be seen from the rich literature that biodiesel can improve 

smoke density by a big margin under all ranges of engine speed due to the better combustion. 

Generally the smoke emissions are lower for the blend compared to neat biodiesel and further 

increment in the amount of blend results in the reduction in smoke emissions. Generally it is 

assumed that oxygenates blended with diesel fuel effectively deliver oxygen to the pyrolysis 

zone of the burning diesel spray resulting in reduced smoke emission [26]. The oxygen 

weight content of methanol is higher than that of biodiesel and diesel. Therefore, adding 

methanol to biodiesel–diesel blend had a remarkable effect on the reduction of smoke 

emission. 

CONCLUSION 

Study on the exhaust emission behaviour of biodiesel, biodiesel-blend and the diesel fuel is 

carried out in a diesel engine by many researchers and the following conclusions for emission 

characteristics can be drawn from the reviewed articles:  

1. The Lower heating value of biodiesel fuels is lower than conventional diesel fuel. 

Lower CO2 emissions are obtained for biodiesel fuel when compared with the diesel 

fuel application in diesel engine.  

2. The carbon monoxide emissions reduced significantly at full load conditions when 

using biodiesel as compared to diesel fuels. It is due to complete combustion on 

account of higher oxygen content of biodiesel.  

3. Low HC emissions are obtained when using biodiesel as fuel and compared with the 

diesel fuel. At low load conditions the unburned HC emissions are significantly 

higher but on increasing load conditions it is nearly equal for two fuels.  

4. Smoke density is reduced significantly when using biodiesel fuel as compared to 

diesel fuel. Addition of methanol to biodiesel–diesel blend had a remarkable effect on 

the reduction of smoke emission. 
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