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ABSTRACT

Biomass is one of the most promising energy resource which is expected to
substitute the fossil fuel in near future. Biomass is also available in almost
every part of the world. Fortunately, Malaysia is rich in its agricultural
residue such as palm oil solid waste, coconut shell, rice husk and many more.
Theses waste can be utilized as an alternate energy source rather than to be
dumped. As a matter of fact, land disposal is causing serious environmental
pollution to the environment. Among the various biomass wastes available in
Malaysia, oil palm solid waste has tremendous potential to be utilized as a
fuel to generate a combustible producer gas. In this study, co-combustion of
diesel oil and producer gas, from a downdraft gasifier, was done in an
experimental combustion chamber. The combustion behaviour and
emissions properties of the co-combustion process were analyzed.
Experimentation was done for combustion of diesel oil alone as well as
combustion of producer gas alone and co-combustion of liquid fuel and
producer gas. Data were recorded at different equivalence ratio. and
producer gas flows. It was found that that the producer gas can be co-
combusted with liquid fuel. The emission data shows that the co-combustion
process produces more CO, NO,, SO; and CO, compared to the combustion
of diesel oil only. However, the exhaust temperature for the co-combustion
process is considerable higher than the diesel combustion only which can
utilized in obtaining higher boiler pressures and temperatures.
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1. INTRODUCTION

World energy consumption is increasing every year due to
increased population. The rising quality of life and
industrialization has also contributed to the demand for
energy resources. It is estimated that current world
population is 6.4 billion people living on earth today and
half of it is below 25 years old. So it is expected that the

world population will rise in near future so will be the
demand in energy (Donald 2000).

In Malaysia, the main energy resource is petroleum. It
contributes to about 68 % of total consumption and
mainly used for transportation, industry, power generation
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etc. However, these natural resources are decreasing
every year because it high consumption. Nevertheless,
fossil fuel utilization also crez:les environment concerns..
Combustion of fossil fuel such as coal and petrol produce
harmful gases like carbon monoxide (CO) and sulfur
dioxide (SO,). Even the clganest fossil fuels produce
carbon dioxide when it burns. Carbon dioxide is a
harmless gas but build up of this gas in the atmosphere
may cause greenhouse effect (Nicholas 1981).

Understandably there is a need to find another source of
energy to curb the oil consumption to the minimum
possible level and to increase the utilization efficiency
and also to minimize the pollution from energy
generation. An alternative energy that can be practice in
Malaysia is energy from biomass. Some of common
biomass resources that available in Malaysia are woods,
agricultural residue and crops.

Most of these biomass energy resources such as
agricultural residue are left abandon without being used
for other purpose. Palm oil solid waste is one of the most
potential biomass resources which can be used as an
energy source. The first commercial oil palm estate in
Malaysia was set up in 1917. Since then the industry in
Malaysia has grown by leaps and bounds and the country
is now the largest producer and exporter of palm oil with
67.6 million tonnes of fresh fruit bunch is received by
palm oil mill in 2003. Palm oil is expected to demonstrate
an annual growth of 4.57% every year. In January 2005
her production of palm oil is about 13.97 millions tons
and the total soild wastes generated by this industry has
amounted to more than 3.6 millions tons (PORIM 2005).
Production is expected to reach 26.2 million tonnes by the
year 2005, and anticipated to account for around 20% of
the global oils and fats supply.

With this condition, it is estimated that every one million
tonnes of palm oil produces 0.8 million tonnes of palm oil
shell. With this large amount of palm oil shell solid waste,
there is a need to find several ways to utilize this waste.
Recently, there is several usage of palm oil shell waste. It

is used as a fuel for boiler in the palm oil mill (Razuki
1988).

Biomass gasification is one of the chemical processes to
convert biomass solid residue into usable fuel such a
producer gas. Producer gas is generated when the biomass
is burned with less air to achieve complete combustion.
Producer gas is mainly contained carbon monoxide (CO),
hydrogen (H,), methane (CHy), water vapour, and some
other inert gases. Mixed with air, producer gas can be
used in the internal combustion engine with a little
modification (Donald et. al., 1981). Also it can be used as
a co-combustion fuel with other liquid fuel to minimize
the fuel consumptions. Producer gas from the gasification
process can be utilized in many ways. Fig. 1 show the
various ways of utilizing producer gas and the variable

involve.
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Figure 1.Various ways of producer gas utilization

Gasification offers the cleanest, most efficient method
available to produce synthesis gas from low or negative-
value carbon-based feed stocks such as coal, petroleum
coke, high sulphur fuel oil or materials that would
otherwise be disposed as waste. Gasification adds value
to low- or negative-value feed stocks by converting them
to marketable fuels and products. Gasification
technologies differ in many aspects but share certain
general production characteristics. Different types of
fixed bed gasifiers are shown in Fig. 2.
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Figure 2. Types of fixed bed gasifiers

The high temperature in the gasifier converts the
inorganic materials in the feedstock (such as ash and
metals) into a vitrified material resembling coarse sand.
Fixed bed gasification is an important commercial
gasification process. A recent survey of gasifier
manufacturers were found that 75% of the gasifiers were
downdraft, 20% were fluid beds and only 2.51% were
updraft and 2.5% were other types.

For this study, a downdraft gasifier is used to produce the
producer gas. In the downdraft gasifier the tar have to
pass through the hot combustion and reduction zones. A
schematic diagram of the downdraft gasifier is shown in
Fig. 3.
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Figure 3. Downdraft gasifier used for experimentation

A Hussain et. al.

If the gasifier is properly designed, it will lead to
sufficient combustion and cracking of the tar to make the
gas useful with minimal cleaning process.

2. CO-COMBUSTION OF BIOMASS

Co-combustion of bicmass is to burn biomass fuel with
other type of fuel simultaneously. The fuel can be any
type of fuel such as fossil fuel. Recently, there have been
several designs that use producer gas as fuel for co-
combustion. This concept has been applied to the internal
combustion engine and burner. It sometimes called dual
fuel engine or dual fuel burner.

Gasification process generally uses reactants such as
oxygen or steam to increase gas yields while consuming
char. In systems where solid fuels are gasified in the
presence of sub stoichiometric air, several chemical
reactions occur. Gasification reaction and temperature
zone are shown in Fig. 3.

In this case, there is a surplus of solid fuel, carbon dioxide
and water vapor from the combustible zone can be passed
through the glowing layer of charcoal and are reduced to
carbon monoxide (CO) and hydrogen (H,) in the region
known as the reduction zone (Naksite 1989).

In the combustion zone, the reactions which are
exothermic are:

C+0,»CQ, = (1)
2H, +0, »2H,0 -2

The reaction in the reduction zone which are endothermic,
will decrease the temperature during the reduction process
are :

C+CO, - 2CO -3
C+H,0-» CO +H, =@
C+2H,»CH, . =)
CO +3H,0 - CH, +H,0 - (6)
C+2H,0 » CO, +H, =»(7)
CO +H,0 - CO, +H, - (8)
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