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Abstract. Shortage in hydrocarbon fuel sources, energy preservation and future stringent emission
regulations have been a formidable challenge to the most prominent Small and Medium Enterprise
(SME ) in Malaysia especially in the burner system of boiler. Therefore, the alternative source of
fuel is receiving a lot of attention especially in the application of renewable energy such as biodiesel
fuel (BDF) and low quality fuel. The application of biodiesel in the burner system offer not only
attractive and more economical fuel but also creates problems of higher toxic emission such as
nitrogen oxide (NOx), carbon monoxide (CO) and particulate matters (PM). This review presents
the current status of the several studies that had been carried out on the emission and performance
characteristic of biodiesel burners burner in term of the specific fuel type that could be used, type of
emissions such as NOx, CO, CO2 and others operating condition that can be used to optimize the
performance of the biodiesel burner system and also comment the progress of it in some areas.
Based on the review clearly indicated that this form of alternative fuel can be an attractive
renewable alternative energy source for burner system.

Introduction

The demanding growth of alternative energy sources costs have resulted the rising concerns about
the environmental impacts of fossil fuels and their future availability. While being able to meet the
energy demands for an ever-expanding global population, these sources must be sustainable and
economically practical for large-scale implementation. Biodiesel is a promising alternative fuel to
petroleum diesel because it had comparable properties to the common diesel, but with the added
advantage of being renewable due to its biomass origin[1]-[3].

The behavior of biodiesel in the internal combustion is had been investigate intensively
around the world, but a few study on the behavior of biodiesel in burner and furnace. Generally
burner function is to provide a stable operation and acceptable flame pattern over a specific set of
operating condition. One of the operating conditions of a burner is to use specific type of
fuels[4]and in this case biodiesel fuel. The biodiesels derived from different plant oils will have
slightly different molecular structures such as carbon-chain lengths, hydrogen-carbon ratio and
oxygen content due to the variation of the degree of unsaturation of the fatty acids in different
sources[5]-[7].

These fuels can be available in burner easier than other combustion equipment. However,
the application of low quality fuel in the burner system offer not only attractive and more
economical fuel but also generates complications of higher toxic emission such as nitrogen oxide
(NOx), carbon monoxide (CO) and particulate matters (PM) compared to standard petroleum based
diesels[8]-[11]. Thus, there is a need for tests to characterize the performance and emission
properties of the biodiesel burner system.

Biodiesel as Alternative Fuel.

It is vital that the fuel used should match the burner. Using fuels with improved characteristics do
not certainly increase burner performance. The fuel characteristics would depend on burner type,
size, design and operating conditions[12]-[14].By using fuels with characteristics below the
minimum burner requirements can cause rough burner operation. The need of different burner
settings for optimum performance for the usage of biodiesels may vary in composition and purity
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from different feedstock. For example, the atomization and affect the air-fuel mixing rate can
influence the fuel density and viscosity. Low viscosity fuel is easier to inject, atomize and mix with
air. As such the viscosity will affect the spray angle[15]-[17].

There are remarkable opportunities for refining the physical characteristics of biodiesel. The
key to improving the quality of biodiesel may well lie in finding suitable ingredients with the right
proportions of fatty acids as well as developing optimal catalysts and processes to transform the
feedstock into biodiesels with desired properties. The different qualities of biodiesels with slightly
different properties can be produce from a feedstock with diverse proportions of saturated, mono-
unsaturated, and polyunsaturated fatty acids[18]. On the other hand, unsaturated fatty acids
containing one or more reactive double bonds can significantly increase the tendency to undergo
oxidation degradation and increase the NOx emissions[19].

Characteristics of Biodiesels Emissions on Burner
Most of the biodiesels emit more NOx than diesel although there are cases where the opposite
occurs. The amount of NOx produced would depend on the nitrogen and oxygen content in the
biodiesels as well as the combustion dynamics, which can be influenced by the adiabatic flame
temperature, duration of high burning gas temperature and sprays characteristics[20], [21]. The
increasing of biodiesel proportion will increase NOx[22], [23].

The addition of other substance together such as ethanol, water or other additive to the
biodiesel resulted in significant decrease in smoke emission compared to diesel[22], [24][26].
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Figure 1: NOX emission before and after the addition of ethanol to B100 and B50 fuels[27]
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The variation of NOX emission at various power outputs for B50 and B100 fuels is shown in Figure
1. The NOX emission is found to decrease with ethanol addition. It is concluded that the addition of
ethanol with biodiesel fuels can extend the availability of diesel and reduce the NOX and smoke
emissions simultaneously. Due to presence of oxygen and low heat content of ethanol the author
claim that brake thermal efficiency for biodiesel blend with ethanol was lower than diesel and
biodiesel at all loads[27].

Figure 2 compares the water additional into hydrocarbon fuel such as methane, kerosene,
diesel, and biodiesel has potential to reduce pollutant emission (NOx, Sox and soot) depend on the
type of experiment methods. Almost all researchers studied the fuel emulsions. The benefits of
water emulsions are improve the combustion efficiency, reduction of the particular matter (PM) and
NOx emission. Water-emulsification is one of easier and lower cost solution of toxic emission in
burner combustion. Water-emulsified fuel reduces the flame temperature, leading to NOx reduction
that had been tested by Kidoguchi, Yatsufusa. For HC cases, the increasing amount of water affects
to decreasing of HC at all loads due to ‘micro-explosion’ that occurs when the volatility difference
between water and diesel that results to violent disintegration of fine droplets and enhances fuel-air
mixing in combustion chamber to reduces sort and HC[28]—[31].
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Figure.2:Effects of water content on emissions[28]

CO 1is one of the consequences of incomplete fuel combustion. Figure 3 shows the average
percentage change in CO for different biodiesels after the engines were switched from diesel to
operate on the biodiesels. Less CO is generated with biodiesels than diesel. Concentration of
oxygen during combustion would enhance the oxidation rate of CO and lead to less CO formation.
This is a major advantage of oxygenated fuels like biodiesel. It should be noted that the carbon
contents of different biodiesels are not the same and most biodiesels have less carbon content than
diesel. This could also affect the percentage change in CO emissions[32], [33].

Figure 4 the shows the comparison between BD20 and BDS50 in terms of combustion
efficiency and CO2 emission reduction due to the use of distillate and biodiesel. The author claimed
that biodiesel is carbon neutral and that the combustion of this fuel does not contribute CO2
emission to the atmosphere because the carbon released is equal to the carbon absorbed by plants.
Therefore, users would need to evaluate the main priority in the system, whether they would
compromise for the efficiency or the CO2 emission[20].
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Figure 3: Comparison of average percentage Figure 4: Percentage of CO2 Emission Reduction
change in CO with different biodiesel wrt due to the Presence of Biodiesel[20].
diesel[33].
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Conclusion

The review of the emission and performance characteristic of biodiesel burner system clearly
indicated that this form of alternative fuel can be an attractive renewable alternative energy source
for burner system. Physical and chemical properties of biodiesels can have significant effects on the
combustion process, which will impact on the burner performance and emissions. For better
performance and emission, the burner design should match the biodiesel characteristics. The search
for cost-effective feedstock and processes to produce quality biodiesels must not only consider
economic factors, but also focus on long term ecological and environmental issues. The possibilities
to reduce the problems of higher toxic emission such as nitrogen oxide (NOx), carbon monoxide
(CO) and particulate matters (PM) is achievable.

The biodiesel burner system cover a broad range parametric study of combustion control
technologies of burner system with controlling the mixture formation for reducing the emissions,
some of which, including water-in-diesel emulsions, specially design injection system are readily
available, while other types require further investigations, are produced in very limited amounts or
require to be specially designed. Even if it’s only a limited influence on the reduction of fossil some
of the emission, it is still valuable from an environmental point of view.
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