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Abstract

The present work is a literature review on combustion, performance, and emission characteristics of biodiesel fuels derived from
different origins. Substitute for fossil fuels with renewable biofuels has been set as a target across world to reduce greenhouse effect
and energy dependence as well as to improve rural economy. Biodiesel can be considered as one of the potential renewable energy
sources for diesel engines. Biodiesel can be used directly or in blended form of diesel. In the present review, the results of
combustion, performance, and emission characteristics of biodiesels obtained from different feedstocks which are reported in various
research studies are discussed. From the review, it is observed that the combustion characteristics of biodiesel are almost similar to
that of diesel. Biodiesel fuels show a slightly inferior performance when compared to diesel. The reported values of oxides of
nitrogen emissions from biodiesels were higher as compared to diesel, whereas the carbon monoxide, hydrocarbon, and smoke
emissions of biodiesel fuels are comparable to diesel. From the present review, biodiesel fuels can be recommended as a prospective
alternative fuel for conventional petro-diesel fuel.
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Abbreviation: CA_crank angle; CO_carbon monoxide; CO,_carbon dioxide; CP_cloud point; DI_direct injection; FAME_fatty acid
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Introduction

Ever increasing environmental concern, diminishing considerable research. Oxidative stability affects biodiesel
petroleum reserves and agriculture-based economy are the primarily during extended storage. Biodiesels, which contain
driving forces to promote biodiesel as an alternate renewable larger amounts of unsaturated fatty acids exhibit poor
diesel fuel. Emissions from transportation engines are oxidative stability On the other hand, poor low temperature
considered to greatly contribute to greenhouse gases (Sarin et properties indicated by relatively high cloud points (CP) and
al., 2007). Replacement of fossil fuels with renewable pour points (PP) are higher for saturated fatty compounds
biofuels has been set as a target worldwide to reduce compared to unsaturated ones (Knothe and Dunn, 2003;
greenhouse effect and energy dependence as well as to Knothe, 2005). Numerous efforts have already been made to
improve agricultural economy. Renewable biofuel fuel is analyse the usage of biodiesel derived from jatropha, mahua,
obtained by catalytic hydro-processing of the triglyceride karanja, rubber seed, and rice bran oils in diesel engines
feedstocks (Kalnes et al., 2007; Mikkonen, 2008). Biodiesels (Raheman and Phadatare, 2004; Ramadhas et al., 2005;
are renewable, biodegradable, and nontoxic fuels with the Senthil et al., 2003; Sinha and Agarwal, 2005; Puhan et al.,
potential to reduce emissions of carbon dioxide (CO,) 2005; Saravanan et al., 2007).

(Perkinns et al., 1991). Also biodiesel combustion results in a

decrease in hydrocarbon (HC), carbon monoxide (CO), and Biodiesel combustion, performance, and emission
particulate emissions as compared to conventional characteristics

petrodiesel, whereas an increase in oxides of nitrogen (NOy)

from biodiesel combustion compared to diesel has been Biodiesel structure and transesterification

reported in several researches (Choi and Reitz, 1999;

Graboski and McCormick, 1998; Hess et al., 2005; Song et Biodiesel fuels are gaining more and more importance as an
al., 2002). The advantages of biodiesel as fuels are their attractive alternative fuel in recent years. They are generally
minimal sulphur and aromatic content, higher flash point, classified as fatty acid methyl esters (FAME), which are
better lubricity, and higher cetane number (Korbitz, 1999; derived from transesterification of vegetable oils with
Ralph, 2001; Beer et al., 2002). Biodiesels have good ignition methanol, although other alcohols can be used (Allen et al.,
characteristics due to their long chain hydrocarbon structure 1999). Biodiesel is obtained from transesterification process
(Wagner et al., 1984). On the other hand, their disadvantages when a vegetable oil is chemically reacted with an alcohol to
include higher viscosity, higher pour point, lower calorific produce mono alkyl esters i.e. biodiesel (Ejim et al., 2007).
value, and poor volatility. The longer hydrocarbon chain of Vegetable oils can be considered as a triglyceride which
biodiesels can result in higher viscosity (Shu et al., 2007). In consists of three fatty acids with glycerol molecule. The
addition, oxidative stability and the poor low temperature diagrammatic representation of a triglyceride is shown in
properties of biodiesel has also been the subject of Figure 1. Transesterification is a process in which the
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Table 1. Fatty acid methyl ester composition of different biodiesel fuels.

Fatty acid methyl ester composition (wt %)

Biodiesel

Lauric Myristic Palmitic Stearic Oleic Linoleic Linolenic Others
Coconut 456 22.1 10.2 3.6 8.2 2.7 0 7.6
Cottonseed 0.1 1 20.1 2.6 19.2 55.2 0.6 1.2
Jatropha 0 0.1 15.6 105 421 30.9 0.2 0.6
Karanja 0 0.1 9.9 7.8 53.2 19.1 0 9.9
Mahua 0 0.2 20.8 25.2 36.4 15.8 0.3 1.3
Neem 0.8 0.5 18.2 20.1 413 16.4 0.3 2.4
Palm 0.2 0.8 39.5 5.1 43.1 104 0.1 0.8
Rapeseed 0 1 35 0.9 64.1 225 8 0
Rubber seed 0 0.2 125 8.3 27.8 37.7 134 0.1
Soybean 0.1 0.1 10.2 3.7 228 53.7 8.6 0.8
Sunflower 0.2 0.8 38.6 4.6 44 10.7 0.1 1

Note: The table values adapted from Gopinath et al. (2009)

reaction between triglyceride and alcohol occurs to produce
alkyl ester and glycerol. Alkali (potassium hydroxide or
sodium hydroxide) or acids (hydrochloric acid or sulphuric
acid) are used to catalyze reaction (Agarwal, 2007; Hass,
2005). Alkali catalyzed transesterification is faster than acid
catalyzed transesterification and is most used commercially
(Puhan et al., 2005). The primary objective of the
transesterification process is to reduce the viscosity of
vegetable oil. The simple diagrammatic representation of a
transesterification process is given in Figure 2. The reported
values of fatty acid methyl ester composition of various
biodiesels are listed in Table 1 (Gopinath et al., 2009).

Combustion characteristics

A number of researchers have experimentally investigated
the combustion, performance, and emission characteristics of
vegetable oils and their esters in diesel engines. Kinoshita et
al., (2003) have investigated the combustion and emission
characteristics of palm and rapeseed oil methyl esters and
compared with gas oil in naturally aspirated water-cooled
small direct injection (DI) diesel engine and swirl-chamber
diesel engine. They found that the ignition delay of palm oil
methyl ester was found to be lower when compared to gas
oil. Similarly rapeseed methyl ester showed a longer ignition
delay as compared to gas oil. The authors have also reported
that the distillation temperatures of palm oil methyl ester at 5
to 90% recovery are lower than rapeseed oil methyl ester and
stated that the former has a better volatility as compared to
the later. Soybean oil methyl ester and its blends were
analysed in a four cylinder DI diesel engine (Zhang and Van
Gerpen, 1996). It was found that the blends exhibit a shorter
ignition delay and similar combustion characteristics as
compared to diesel. Senatore et al., (2000) have tested a DI
turbocharged diesel engine with rapeseed oil methyl ester and
found that heat release always takes place in advance with
respect to TDC (between 3 and 5 deg. CA) compared to
diesel fuel. It was stated that the mean combustion
temperature attained peak value at the same crank angle.
From the combustion study on blend of diesel and methyl
tallowate, it was found that the peak rate of heat release for
blend had found to be lower than the petrodiesel (Yu et al.,
2002). Sinha and Agarwal (2005) have investigated and
stated that the peak pressure and rate of pressure rise are
higher for B20 fuel (blend of 80% diesel and 20% rice bran
biodiesel by volume) at low engine loads (up to 10% load)
but becomes lower when the engine load is increased.
Pradeep and Sharma (2005) have investigated the use of
blends of rubberseed biodiesel and diesel in a single cylinder-
four stroke-water cooled-DI diesel engine. The cylinder
pressure data obtained at full load condition indicated slightly
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higher values for B20, and B60 compared to diesel. However,
peak pressure of B100 was comparable with diesel. The
authors have stated that the higher peak pressures are
probably due to dynamic injection advance, which can also
vary for various blends due to changes in their properties. As
unsaturated composition in biodiesel increases, the density
and bulk modulus also increases which in turn advance the
injection timing (Tat and Van Gerpen, 2003). Szybist et al.,
(2007) have reported that the injection and ignition process
can be altered significantly by biodiesels and their blends. An
increase in the ignition delay period and combustion duration
with both jatropha oil and its esters with lower heat release
rates were noticed compared to diesel fuel (Forson et al.,
2004).

Performance and emission characteristics

Klopfenstein and Walker (1983) have tested a single cylinder
DI diesel engine with saturated methyl esters from carbon
number 12 to 18 and unsaturated esters of carbon number 18.
The authors observed the following; among the saturated
series, the heat of combustion per kg increased with chain
length, reflecting their higher proportion of reduced carbon.
For the same reason, esters of unsaturated acids had
somewhat lower heats of combustion than the corresponding
saturates. For the series of saturated esters, the volumetric
fuel consumption is seen to increase with chain length. This
might be expected in view of the inverse relationship, which
exists between density and chain length for the fatty acid
esters at near room temperature. Similarly the decreased
volumetric consumption observed for methyl oleate and
linoleate are partially accounted for the increase in density
with increased unsaturation. Although the energy content of
the esters increases with chain length, the increased specific
fuel consumption with increasing chain length produces a
marked linear decrease in thermal efficiency. Bettis et al.,
(1982) have investigated the use of safflower, rapeseed, and
sunflower as fuels and found that engine power output to be
equivalent to that of diesel fuel. Reductions in engine torque
and power output were found with biodiesels containing 10
to 12% oxygen on weight basis due to their lower heating
values (Altin et al., 2001; Antolin et al., 2002; Bari et al.,
1982; Nwafor et al., 2000). Some investigators have reported
that slight increase in engine power than diesel fuel was
found with biodiesels and the increase may be attributed to
the complete combustion with the fuel borne oxygen in the
case of biodiesel fuels (Agarwal and Das, 2001; Kalam et al.,
2003). The power output for palm oil and diesel blend was
similar to that of diesel (Nwafor and Rice, 1996). Blends of
jatropha oil and diesel, produces higher thermal efficiency
without affecting NOx emissions (Kalligeros et al., 2003).
Higher exhaust temperatures were found with biodiesel as
compared to conventional diesel fuel (Edwin Geo et al.,
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Fig 1. Diagrammatic representation of a triglyceride that consists of three fatty acids with glycerol molecule. (Adapted from:
http://justindunham.net/wp-content/uploads/2010/06/triglyceride.jpg)
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Fig 2. Diagrammatic representation of a typical transesterification process shows the reaction between vegetable oil and alcohol

through catalyst to produce biodiesel and glycerol as by product.
(Adapted from: http://kfch.upce.cz/images/Ved_cin/bionafta_reakcel EN.gif)

2008; Nwafor, 2004; Ramadhas et al., 2005; Senthil et al.,
2003). Biodiesel exhibits lower thermal efficiency due to
lower heating value compared to diesel fuel (Canakci and
Van Gerpen, 2003; Rantanen et al., 1993). Graboski et al.,
(2003) have conducted experiments in diesel engine using
methyl ester of soybean soapstock and found that 20%
addition of biodiesel decreased particulate matters (PM)
emission by 30% and increased NOyx by 2.8% as compared to
diesel. Biodiesel containing higher methyl oleic ester
produced significantly lower NOy (Yamane et al., 2001). The
NOy, CO, and smoke emissions were slightly lower for
soybean ester as compared to diesel, whereas a reduction of
about 50% in HC emission was found with soybean ester as
compared to diesel (Scholl and Sorenson, 1993). The
complete combustion due to fuel borne oxygen in biodiesel
reduces CO, HC, and smoke emissions (Chang and Van
Gerpen, 1997; Ergeneman et al., 1997; Kalam et al., 2003;
Kalligeroset al., 2003; Monyem et al., 2001; Ozaktas et al.,
1997). The NOy, CO, and CO, emissions decreased by 32%,
59%, and 8.6% respectively with the olive oil methyl ester
as compared to diesel (Dorado et al., 2003). When compared
to diesel, HC and CO had decreased; while NOyx emission
increased for methyl ester of rapeseed and its blends with
diesel (Labeckas and Slavinskas, 2006).

Conclusions

From the present review, it is observed that the combustion
characteristics of biodiesel are almost similar to that of diesel.
However, biodiesel fuels show a slightly inferior
performance when compared to diesel. Biodiesel exhibits
higher oxides of nitrogen as compared to diesel, whereas the
carbon monoxide, hydrocarbon, and smoke emissions are
comparable to diesel fuel. Most of the research studies
reviewed in the present review is based on short term engine
tests in which the biodiesel fuels seem to be very promising.
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Hence review of long term issues such as engine deposits,
injector coking, and contamination of the engine due to the
usage of biodiesel fuels are necessary.

Acknowledgement

The authors would like to thank their Head of the
Department-Mechanical Engineering, Anna University,
Chennai, India, for his continuous support and
encouragement.

References

Agarwal AK (2007) Biofuels (alcohols and biodiesel)
applications as fuels for internal combustion engines. Prog
Energ Combust 33: 233-271.

Agarwal AK, Das LM (2001) Biodiesel development and
characterization for use as a fuel in compression ignition
engines, J Eng Gas Turb Power 123: 440-447.

Allen CAW, Watts K, Ackman RG, Pegg MJ (1999)
Predicting the viscosity of biodiesel fuels from their fatty
acid composition. Fuel 78: 1319-1326.

Altin R, Cetinkaya S, Yucesu HS (2001) The potential of
using vegetable oil fuels as fuel for diesel engines. Energ
Convers Manage 42 (5):529-538.

Antolin G, Tinaut FV, Briceno Y, Castano V, Perez C,
Ramirez Al (2002) Optimisation of biodiesel production by
sunflower oil transesterification. Bioresource Technol 83
(2): 111-114.

Bari S, Lim TH, Yu CW (2002) Effects of preheating of
crude palm oil (CPO) on injection system, performance and
emission of a diesel engine. Renew Energ 27: 339-351.

Beer T, Grant T, Williams D, Watson H (2002) Fuel-cycle
greenhouse gas emissions from alternative fuels in
Awustralian heavy vehicles. Atmos Environ 36:753-763.


http://justindunham.net/wp-content/uploads/2010/06/triglyceride.jpg

Bettis BL, Peterson CO, Auld DL, Driscoll DJ, Peterson ED
(1982) Fuel characteristics of vegetable oil from oil seed
crops in the Pacific Northwest. Agron J 74: 335-339.

Canakci M, Van Gerpen JH (2003) Comparison of engine
performance and emissions for petroleum diesel fuel,
yellow grease biodiesel and soybean oil biodiesel. Trans.
ASAE 46 (4): 937-944.

Chang DYZ, Van Gerpen JH (1997). Fuel properties and
engine performance for biodiesel prepared from modified
feedstocks. SAE Paper No. 971684,

Choi CY, Reitz RD (1999) An experimental study on the
effects of oxygenated fuel blends and multiple injection
strategies on DI diesel engine emissions. Fuel 78: 1303-
1317.

Dorado MP, Ballesteros E, Arnal JM, Gomez J, Lopez FJ
(2003) Exhaust emissions from a diesel engine fueled with
transesterified waste olive oil. Fuel 82: 1311-1315.

Edwin Geo V, Nagarajan G, Nagalingam B (2008) A
Comparative Combustion Analysis of Rubber Seed Oil and
its Methyl Ester in a D.l. Diesel Engine. SAE Paper No.
2008-01-1386.

Ejim CE, Fleck BA, Amirfazli A (2007) Analytical study for
atomization of biodiesels and their blends in a typical
injector: Surface tension and viscosity effects. Fuel
86:1534-1544.

Ergeneman M, Ozaktas T, Cigizoglu KB, Karaosmanoglu F,
Arslan E (1997) Effect of some Turkish vegetable oil diesel
fuel blends on exhaust emissions. Energ Source 19: 879-
885.

Forson FK., Oduro EK, Hammond-Donkoh E (2004)
Performance of Jatropha oil blends in a diesel engine.
Renew Energ 29:1135-1145.

Gopinath A, Sukumar Puhan, Nagarajan G (2009) Relating
cetane number of biodiesel fuels to their fatty acid
composition: a critical study. Proc Inst Mech Eng. Part D
223: 565-583.

Graboski MS, McCormick RL, Alleman TL, Herring AM
(2003) The effect of biodiesel composition on engine
emissions from a DDC series 60 diesel engine. Final
Report, February 2003, NREL/SR-510-31461, National
Renewable Energy Laboratory, USA.

Graboski MS, McCormick R (1998) Combustion of fat and
vegetable oil derived fuels in diesel engine. Prog Energ
Combust 24: 125-164.

Hass MJ (2005) Improving the economics of biodiesel
production through the use of low value lipids as feed
stocks: Vegetable oil soap stock. Fuel Process Technol 86:
1087-1096.

Hess MA, Hass MJ, Foglia TA, Marmer WN (2005) The
effect of antioxidant addition on NOyx emissions from

biodiesel. ~ Energ  Fuel 19: 1749-1754.  http://
justindunham.net/wp-content/uploads/2010/06/triglyceride.
ipg

Kalam MA, Husnawan M, Masjuki HH (2003) Exhaust
emission and combustion evaluation of coconut oil-
powered indirect injection diesel engine. Renew Energ 28:
2405-2415.

Kalligeros S, Zannikos F, Stournas S, Lois E, Anastopoulos
G, Teas CH, Sakellaropoulas F (2003) An investigation of
using biodiesel/marine diesel blends on the performance of
a stationary diesel engine. Biomass Bioenerg 24:141-149.

Kalnes T, Marker T, Shonnard DR (2007) Green diesel: a
second generation biofuel. Int J Chem React Eng 5. Article
A48.

Kinoshita E, Hamasaki K, Jagin C (2003) Diesel combustion
of palm oil methyl ester. SAE Paper No. 2003-01-1929: 1-
7.

1353

Klopfenstein WE, Walker HS (1983) Efficiencies of various
esters of fatty acids as diesel fuels J Am Oil Chem Soc 60:
1596-1598.

Knothe G, Dunn RO (2003) Dependence of oil stability index
of fatty compounds on their structure and concentration and
presence of metals. J Am Oil Chem Soc 80:1021-1026.

Knothe G (2005) Dependence of biodiesel fuel properties on
the structure of fatty acid alkyl esters. Fuel Process Technol
86: 1059-1070.

Korbitz W (1999) Biodiesel production in Europe and North
America, an encouraging prospect. Renew Energ 16 (1-4):
1078-1083.

Labeckas G, Slavinskas S (2006) The effect of rapeseed oil
methyl ester on direct injection diesel engine performance
and exhaust emissions. Energ Convers Manage 47:1954-
1967.

Mikkonen S (2008) Second-generation renewable diesel
offers advantages. Hydrocarb Process 87:63-66.

Monyem A, Van Gerpen JH, Canakci M (2001) The effect of
timing and oxidation on emissions from biodiesel-fueled
engines. Trans. ASAE 44(1): 35-42.

Nwafor OMI (2004) Emission characteristics of diesel engine
operating on rapeseed methyl ester. Renew Energ 29: 119-
129.

Nwafor OMI, Rice G (1996) Performance of rape seed oil
blends in a diesel engine. Appl Energ 54: 345-354.

Nwafor OMI, Rice G, Ogbonna Al (2000) Effect of advanced
injection timing on the performance of rapeseed oil in
diesel engines. Renew Energ 21: 433-444.

Ozaktas T, Cigizoglu KB, Karaosmanoglu F (1997)
Alternative diesel fuel study on four different types of
vegetable oils of Turkish origin. Energ Source 19: 173-181.

Perkinns LA, Peterson CL, Auld DL (1991) Durability
testing of transesterified winter Rape oil (Brassica napus
L.) as fuel in small bore, multi-cylinder DI CI engines.
SAE Paper No. 911764.

Pradeep V, Sharma RP (2005) Evaluation of performance,
emission and combustion parameters of a Cl engine fuelled
with biodiesel from Rubber seed oil and its blends. SAE
Paper No. 2005-26-353.

Puhan S, Vedaraman N, Ramabrahamam BV, Nagarajan G
(2005) Mahua (Madhuca indica) seed oil: A source of
renewable energy in India. J Sci Ind Res India 64: 890-896.

Raheman H, Phadatare AG (2004) Diesel engine emissions
and performance from blends of Karanja methyl ester and
diesel. Biomass Bioenerg 27: 393-397.

Ralph EHS (2001) Bioenergy-a renewable carbon sink.
Renew Energy 22 (1-3): 31-37.

Ramadhas AS, Muraleedharan C, Jeyaraj S (2005)
Performance and emission evaluation of a diesel engine
fueled with methyl esters of Rubber seed oil. Renew Energ
30: 1700-1789.

Rantanen L, Mikkonen S, Nylund L., Kociba P, Lappi M.,
Nylund NO (1993) Effects of fuel on the regulated,
unregulated and mutagenic emissions of DI diesel engines.
SAE Paper No. 932686.

Saravanan S, Nagarajan G, Rao GLN, Sampath S (2007)
Feasibility study of crude rice bran oil as a diesel substitute
in a DI-CI engine without modifications. Energ Sustain
Dev 11 (3): 83-92.

Sarin R, Sharma M, Sinharay S, Malhotra RK (2007)
Jatropha-Palm biodiesel blends: An optimum mix for Asia.
Fuel 86, 10-11: 1365-1371.

Scholl KW, Sorenson SC (1993) Combustion of soybean oil
methyl ester in a direct injection diesel engine. SAE Paper
No. 930934



Senatore A, Cardone M, Rocco V, Prati MV (2000) A
Comparative analysis of combustion process in DI diesel
engine fueled with biodiesel and diesel fuel. SAE Paper
No. 2000-01-0691.

Senthil KM, Ramesh A, Nagalingam B (2003) An
experimental comparison of methods to use methanol and
Jatropha oil in a compression ignition engine. Biomass
Bioenerg 25: 309-318.

Shu Q, Yang B, Yang J, Qing S (2007) Predicting the
viscosity of biodiesel fuels on the mixture topological
index method. Fuel 86: 1849-1854.

Sinha S, Agarwal AK (2005) Combustion characteristics of
Rice bran oil derived biodiesel in a transportation diesel
engine. SAE Paper No. 2005-26-354.

Song J, Cheenkachorn K, Want J, Perez J, Boehman AL,
Young PJ, Waller FJ (2002) Effect of oxygenated fuel on
combustion and emissions in a light-duty turbo diesel
engine. Energ Fuel 16: 294-301.

Szybist JP, Song J, Alam M, Boehman AL (2007) Biodiesel
combustion, emissions and emission control. Fuel Process
Technol 88: 679-691.

Tat ME, Van Gerpen JH (2003) Measurement of biodiesel
speed of sound and its impact on injection timing. Report
2003. NREL/SR-510-31462, National Renewable Energy
Laboratory, USA.

1354

Wagner LE, Clark SJ, Schrock MD (1984) Effects of
Soybean oil esters on the performance, lubricating oil, and
water of diesel engines. SAE Paper No. 841385.

Yamane K, Ueta A, Shimamoto Y (2001) Influence of
physical and chemical properties of biodiesel fuel on
injection combustion and exhaust emission characteristics
in a direct injection compression ignition engine. Int J
Engine Res 2 (4): 249-261.

Yu CW, Bari S, Ameen A (2002) A comparison of
combustion characteristics of waste cooling oil with diesel
as fuel in a direct injection diesel engine. Proc Inst Mech
Eng. Part D 216: 237-243.

Zhang Y, Van Gerpen JH (1996) Combustion analysis of
esters of Soybean oil in a diesel engine. SAE Paper No.
960765.



