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ABSTRACT

The high demand to replace the petroleum fuel makes renewable and sustainable
sources such as Palm oil, Jatropha oil and Algae as main focus feedstock for biodiesel
production in Malaysia. There are many studies conducted on Palm oil and Jatropha oil,
however, the use of Algae as an alternative fuel is still in its infancy. Malaysia already
implemented B5 based Palm oil as a feedstock and this biodiesel has been proven safe
and can be used without any engine modification. The use of biodiesel produced from
these feedstock will also developed domestic economic and provide job opportunities
especially in the rural area. In addition, biodiesel has many advantages especially when
dealing with the emissions produce as compared to petroleum fuel such as; it can reduce
unwanted gases and particulate matter harmful to the atmosphere and mankind. Thus,
this paper gathered and examines the most prominent engine emission produced from
Palm oil and Jatropha feedstock and also to observe the potential of Algae to be one of
the sources of alternative fuel in Malaysia.
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INTRODUCTION

Alternative fuels for diesel engine, boilers and other combustion equipment becoming
increasingly important due to the depletion of petroleum reserves in the near future. The
dependence and the consumption of petroleum products is increasing day-by-day and it
is resulting in higher prices of petroleum fuel. The global primary petroleum fuel
consumption has grown up from 6630 million tons in 1980 up to 12,002.4 million tons
(it is almost double) in 2010 (Mofijur et al., 2012; Ong et. al., 2011). Malaysia is also
one of the countries that suffered from this crisis, as according to British petroleum
statics, oil production in Malaysia in 2001 has decrease from 32.9 million tons to 32.1
million tons in 2010. However, the corresponding consumption of oil has increased
from 22 million tons in 2001 to 25.3 million tons in 2010 (Mofijur et al., 2012).

The emission emitted from the petroleum fuel may cause various negative
impacts on global climate of greenhouse gases and also lead to acid rain and air
pollution. It is predicted that if the average global temperature increases by more than
2°C, more than million species could extinct and hundreds of millions people could lose
their lives (Ahmad et al., 2011; Atabani et al., 2012). Living people may also suffer
from various diseases such as lung cancer, breathing difficulties, poisoning and skin
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cancer etc. This concern led to find the alternative fuel to overcome these problems and
Malaysia is no exception.

Biofuels from various biomasses seems to be a realistic alternative renewable
fuel to resolve twin crisis of petroleum depletion and environmental degradation. The
implementation of biomass energy will contribute to sustainable development in various
fields of environmental, social and economic. Biomass feedstocks used for biodiesel
production include Algae, animal fats and vegetable oils like Palm, Jatropha, rapeseed,
sunflower etc. Brazil and US for example are promoting ethanol as a potential biofuel
derived from sugar cane and corn, and Asian countries like Malaysia, Indonesia and
India have been promoting Palm oil and Jatropha as biodiesel throughout widely
(Abdullah et al., 2009; Mekhilef et al., 2011; Ong et al., 2012; Sahoo & Das, 2009;
Yusuf et al., 2011).

There are so many advantages and disadvantages of using biodiesel as compared

to diesel fuel. Figure 1 show some of the literature gathered by past researcher (Atabani
etal., 2012).

Advantages

Biodiesel has 10-11% of oxygen; this makes biodiesel a fuel with high combustion
characteristics.

Biodiesel reduces net carbon-dioxide emissions by 78% on a lifecycle basis when
compared to conventional diesel fuel and reduces smoke due to free soot.

Biodiesel has superior better lubricity properties. This improves lubrication in fuel
pumps and injector units, which decreases engine wear, tear and increases engine
efficiency.

Biodiesel has higher cetane number (about 60-65 depending on the vegetable oil) than
petroleum diesel (53) which reduces ignition delay.

Biodiesel may not require engine modification up to B20. However, higher blends may
need some minor modification.

Production can be raised easily and is less time consuming.

Disadvantages

Biodiesel has 12% lower energy content than diesel; leads to increase fuel consumption
of about 2-10%.

Biodiesel causes excessive carbon deposition and gum formation (polymerization) in
engine and oils get contaminate and suffer from flow problem.

Biodiesel has higher cloud point and pour point, higher nitrogen oxide emissions, lower
volatilities that cause formation of deposits in engine due to the incomplete combustion
characteristics.

Transesterification process is expensive (cost of fuel increases), these oil require
expensive fatty acid separation or use of less effective (or expensive acid catalyst).

Use of biodiesel in internal combustion engine may lead to engine durability problems
including injector cocking, filter plugging and piston ring sticking, etc.

Lower engine speed and power, high price, high engine wear, engine compatibility.

Figure 1. Advantages and disadvantages of biodiesel

Malaysia had launched the National Biofuel Policy to encourage more sources
from renewable energy (Ministry of plantation industries and commodities, Malaysia).
The policy was eventually launched in March 2006 and is underpinned by five strategic



thrusts, with short-term, medium-term and long-term implementation periods. Figure 2
below show the summary of the National Biofuel Policy (Chin, 2011).

Short term

o Establish Malaysian standard specification for B5 diesel

o Participation in B5 diesel trials by selected government
departments with their fleets of diesel vehicles

o Establish B5 diesel pumps for the public at selected
stations

5 strategic thrusts ¢ Voluntary trials on B5 diesel by the Malaysian Palm Oil
Board (MPOB) for selected users in the industrial sector

e Promotional awareness programme to educate the public

1. Biofuel for transport on the use of B5 diesel
2. Biofuel for industry Medium term
j 3.Biofuel e Establish Malaysian standard specifications for palm oil-
technologies [j based methyl ester biofuels for domestic use and export

4. Biofuel for export
5. Biofuel for cleaner
environment

e Engine manufacturers to extend their warranties to the
use of B5 diesel. Extensive B5 diesel testing shall be
carried out to facilitate the granting of such engine
warranties

e Pass and enforce legislation to mandate the use of B5
diesel

e Encourage establishment of commercial methyl ester
plants. The MPOB will act as a catalyst by pioneering the
establishment of palm biodiesel plants in Malaysia in
collaboration with the private sector

Long term

e Gradual increase in proportion of processed palm oil in

the diesel blend

o Greater uptake of biofuels technology by Malaysia

companies and foreign companies abroad

National Biofuel Policy
- M

Figure 2. Implementation of National Biofuel Policy in Malaysia

Malaysia has introduced a 5 percent biodiesel blended composition which is 5
percent consist of Palm oil methyl ester (POME) and known as B5 since mid-year 2011.
Currently, extensive research also has been conducted in Malaysia to promote the usage
of Jatropha and Algae biodiesel as they are easily obtained (Ahmad et al., 2011; Akbar
et al., 2009; Azhari et al., 2008; Choudry et al., 2011). Compatible with climate change
in Malaysia make Jatropha a promising alternative fuel. Apart from that, Algae also has
attracted many researchers as it is easy to be found especially in Sabah and Sarawak.
However, the use of Algae as an alternative fuel is still in its infancy (Ahmad et al.,
2011).

This paper gathered and discusses the work carried out by past researcher on
vegetable oil - Palm, and non-edible oil - Jatropha curcas, and also potential of Algae to
be one of the sources of alternative fuel. The engine performances from Palm and
Jatropha feedstock are reported comparable as compared to petroleum fuel (Baitiang et
al., 2008; Kamei et al., 2010; Mamat et al., 2012). However, the emission results
indicate variation in emission with the use of these biodiesel (Hoekman & Robbins,
2012; Sahoo et al., 2009; Tan et al., 2012; Yusop et al., 2012). Thus, effort has been



made in this study to review the most prominent engine emissions produced from Palm
and Jatropha feedstock.

POTENTIAL OF PALM OIL AS A FEEDSTOCK FOR BIODIESEL SOURCE

Malaysia is currently implementing biodiesel known as B5 (5% Palm oil methyl ester
and 95% diesel fuel) based Palm oil as a feedstock. The usage of this B5 in diesel
engine is safe and has been used without any engine modification. The performance of
biodiesel is also comparable to diesel engine reported by other researchers (Bora et al.,
2012; Sahoo & Das, 2009; Sahoo et al., 2009). Some types of emissions also reduced
when used this Palm oil biodiesel (Atabani et al., 2012; Liaquat et al., 2010; Ong et al.,
2011).

Malaysia is listed as the largest world exporter of Palm oil and the second largest of
Palm oil producer after Indonesia. Malaysia as 2010, the area of oil Palm plantation was
4.85 million hectares covering 14% of the total land area in Malaysia (Chin, 2011).
Currently, Malaysia encourages private companies to further intensify in this project,
providing adequate subsidies to the parties involved and increase programs to encourage
farmers to nurture the growth of the biodiesel industry. This could indirectly provide job
opportunities, especially in rural areas.

POTENTIAL OF JATROPHA OIL AS A FEEDSTOCK FOR BIODIESEL
SOURCE

In the future, Jatropha can be one of the sources biodiesel productions in Malaysia.
Jatropha oil has been found promising for biodiesel production due to the attracting
characteristics and it is claimed not to compete with food, not to compete with
agriculture land and nature. The biodiesel produced from this feedstock also reduce the
danger of emissions compared with the petroleum fuel. This biodiesel also has a
comparable cetane number and calorific value with petroleum diesel and it can be used
in the diesel engine without requiring any major modifications in the mechanical system
of the engines (Baitiang et al., 2008; Kamei et al., 2010; Sahoo & Das, 2009; Sahoo et
al., 2009).

The advantages of climate suitability and availability of land in Malaysia has
made Malaysia took the opportunity to explore and expand Jatropha production. It is
reported that a total of 1712 hectares of land has been identified as a start of primary
production of Jatropha and expected to increase to 57,601 hectares by 2015 (Kalam et
al., 2012). A few international leading oil company are also interested to investing and
develop the Jatropha projects in Malaysia (Kalam et al., 2012; Mofijur et al., 2012).

POTENTIAL OF ALGAE AS A FEEDSTOCK FOR BIODIESEL SOURCE

Algae as an alternative fuel are still in its infancy in Malaysia. Currently, extensive
studies have been carried out to identify the most suitable Algae species to be a source
of alternative fuel. Much effort also has been conducted in order to produce biodiesel
from this feedstock mainly in Sabah and Sarawak area.

Algae is a promising source of alternative fuel as it will not compromise with
food, fodder and other products derived from crops (Ahmad et al., 2011). Algae also
provide a reduction in greenhouse gases because it absorbs or utilize carbon dioxide as
it grows ("Algae-based Biofuel: Pros And Cons,"). It can grow quickly at a large scale



and potential to generate up to 50 times more than the amount of other crops
("Economic Benefits of Algae,”). Due to these advantages, Algae has attracted the
attention of many researchers to make one of the alternative fuels to replace the
petroleum fuels.

EMISSIONS OF BIODIESEL

The diesel and also biodiesel fuelled engine emits the unwanted gases in the atmosphere
that can be hazardous to mankind. There are two types of emissions that have been
produced by this diesel engine. One type is known as regulated emissions as it is
regulated by the government of many countries and another one is known as
unregulated emissions as it is not-regulated by the government. The regulated emissions
examples are carbon monoxide (CO), carbon dioxide (CO2), nitrogen oxide (NOX),
unburned hydrocarbon (HC) and smoke opacity, whereas, the unregulated emissions
examples are formaldehyde, acetaldehyde, acetone and toluene (Tan et al., 2012).
However, this study is only limited to observe the most prominent regulated emissions
pollutant form Palm and Jatropha feedstock.

PALM OIL’S EMISSIONS

T.H. Lim et al. (2002) conducted the study of CO and NO emissions of a diesel engine
operated on 60°C heated crude Palm oil (CPO). It was observed that higher CO and NO
emissions produced by 2.8% and 25.7% respectively as compared to diesel fuel. This is
due to the chemical reaction at the core of fuel spray of CPO which produces heavy
compounds that are less volatile. These heavy compounds resulted in local-rich
mixtures that cause more CO to produce. Higher pressure in the engine cylinder during
CPO combustion lead to the higher temperature that caused more NO formation resulted
in increasing of NO emission produced.

On the other hand, J. Narkpakdee et al. (2012) evaluated the emission
characteristics of diesel-crude Palm oil-water emulsion blend in a small diesel engine.
The result shows that the emission parameters such as CO, NOx and black smoke were
significantly lower than diesel fuel. This is due to the emulsified water content (that is
up to 10%) in the blend biodiesel which reduces the viscosity and heating value.

A.M. Liaquat et al. (2010) carried out experimental study on exhaust emissions
of a diesel engine using Palm diesel blend with diesel fuel. The experiment was
conducted at constant speed of 2000 rpm at varied load conditions between 5 Nm to
17.5 Nm with intervals of 2.5 Nm. The result shows that the CO emission of the Palm
diesel blends produced was less than the diesel fuel at all loads. However, CO, and NOx
emissions produced were higher as compared to diesel fuel at the higher load applied.
This is indication of complete combustion of more amount of CO, produced by this
Palm diesel fuel in exhaust emissions and the increasing of NOXx is caused by its higher
heating value and also the increasing of combustion chamber temperatures.

The influence of Palm oil biodiesel on the chemical composition of the
particulate matter emissions produced in an automotive diesel engine operated with
Palm biodiesel and its blends with diesel fuel were carried out by Maurin Salamanca et
al. (2012). The study shows that the particulate matter emissions and smoke opacity
amount decreases in a non-linear way as the proportion of Palm biodiesel increases as
compared to diesel fuel. This reduction is caused by the chemical nature of the fuels as



biodiesel has high level of oxygen and the absence of aromatics molecules it its
composition that lead to reduction of particle nucleation and increase the oxidation rate.

JATROPHA OIL’S EMISSIONS

Bhupendra Singa Chauhan et al. (2010) studied the effects of fuel inlet temperature
(FIT) on engine emissions using a dual fuel engine test rig with tube heat exchanger
(with exhaust bypass arrangement) using Jatropha oil as a fuel. The results show lower
NOx emission produced by Jatropha oil as compared to petroleum fuel; nevertheless,
increasing FIT caused the increasing of NOx emission. Other gases produced by
Jatropha oil resulted in higher CO, HC and CO, than petroleum fuel. However,
preheated Jatropha oil, the emissions of CO, HC and smoke opacity were reduced but it
is slightly increased for CO, emission. The higher amount of CO, produce from the
diesel engine is an indication of the complete combustion of the fuel (Liaquat et al.,
2010). S. Jindal et al. (2010) investigated the emissions of Jatropha methyl ester on DI-
Cl engine. The results show that the HC and NOx emission produced were less than
petroleum diesel. The reduction of HC emission is caused by the higher oxygen content
present in the biodiesel that leading to more complete combustion. This is also due to
higher cetane number that reducing combustion delay and advancing the injection and
combustion timing (Lapuerta et al., 2008; Ong et al., 2011).

Iman K. Reksowardo et al. (2007) found that the emissions of CO, CO;, and HC
of Jatropha oil were lower as compared to petroleum diesel and slightly increase of NOx
emission. The experiment was conducted on a Direct Injection (DI) diesel engine. The
result from this study was with the agreement of other studies, and the slightly
increasing of NOXx is caused by the oxygenated in biodiesel fuel (Kamei et al., 2010;
Tan et al., 2012). The increasing of NOx occurred especially when the engine load
increases, as more fuel is injected and burned in the engine cylinder which causes the
gas to a higher temperature and resulted in a more NOx formation in the engine
cylinders and produce higher NOx emissions from the engine (Pandey et al., 2012).

On the other hand, T. Elango and T. Senthilkumar (2011) evaluated the
emissions characteristics of Jatropha oil blends in a CI engine. The results show that all
the Jatropha oil blends emitted less CO, CO, and HC than the diesel fuel. However, the
smoke opacity was increased with increasing proportion of Jatropha oil in the blends as
compared to diesel fuel. The increasing of smoke opacity amount is caused by the poor
atomization and combustion due to the higher viscosity of the blends (Elango &
Senthilkumar, 2011).

Table 1 below shows related research findings of emissions from Palm oil and
Jatropha oil.



Table 1. Summary emissions produce from Palm oil and Jatropha oil

Emissions Palm oil Jatropha oil
CO increase Preheated: (Lim et al., 2002)
CO decrease Water-emulsion: Blended: (Elango & Senthilkumar, 2011),
(Narkpakdee et al., 2012) (Reksowardoj et al., 2007)
Preheated: (Chauhan et al., 2010)
CO; increase Blended: (Liaquat et al., 2010) Preheated: (Chauhan et al., 2010)
CO;, decrease Blended:

(Elango & Senthilkumar, 2011)
(Reksowardoj et al., 2007)

NO increase Preheated: (Lim et al., 2002)
NOX increase Preheated: (Lim et al., 2002) Blended: (Reksowardoj et al., 2007)
NOXx decrease Water-emulsion: (Narkpakdee et al., 2012)
HC decrease Blended: (Elango & Senthilkumar, 2011),
(Reksowardoj et al., 2007)
Preheated: (Chauhan et al., 2010)
Smoke opacity increase Blended: (Elango & Senthilkumar, 2011)

Smoke opacity decrease Water-emulsion: (Narkpakdee et al., 2012) Preheated: (Chauhan et al., 2010)
Blended: (Salamanca et al., 2012)

Particulate matter decrease Blended: (Salamanca et al., 2012)




CONCLUSIONS

This paper has presented a potential of biodiesel feedstock from Jatropha, Palm and
Algae. The implementation of B5 based Palm oil as a feedstock in Malaysia had proven
that this biodiesel blend can be safely used without any major modification of diesel
engine. Currently, due to the climate suitability and land availability in Malaysia make
Jatropha as a promising alternative to replace petroleum fuel. The advantages of Algae
also attracted attention from many researchers and it is another promising source of
alternative fuel. However, the current stage of Algae biodiesel is still in its infancy.
Therefore, further research and studies on Algae biodiesel are needed before it can
prove to be used in a diesel engine.

This paper also reviews some emissions from Palm and Jatropha feedstock as a
fuel in diesel engine. There are many ways to be used in diesel engine such as
emulsified with water, added catalyst, blended with diesel fuel at certain proportion or
directly used in the engine. Therefore, many studies need to be done in order to
understand the characteristic of these biodiesel before it can be fully implemented in
diesel engine.
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