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Abstract
Five fuels, namely, Dura palm oil biodiesel (B

1
100), its blend with diesel, (B

1
10), Tenera palm oil biodiesel

(B
2
100), its blend with diesel (B

2
10), and diesel as reference  fuel, were used for performance evaluation

test at a constant speed of 1100rpm. A techno single cylinder water cooled four-stroke diesel engine was
used for the test. The blends B

1
10 and B

2
10 were at 10/90 vol/vol biodiesel/diesel. The low speed was

chosen for the test so as to predict the performance of biodiesel and its blends with diesel in low speed
rated diesel engines used as prime movers for running agricultural processing machines in rural villages in
Nigeria. Most of these engines are rated at 850rpm. With the fuels, the peak mechanical efficiencies of the
engine were 87.31%, 71.66%, 62.58%, 60.08% and 57.91% for Dura biodiesel (B

1
100), Dura biodiesel

blend (B
1
10),. Tenera biodiesel (B

2
100), Diesel and Tenera biodiesel blend (B

2
10), respectively. Also, the

Peak torque loads were 29.90 N-m, 27.41N-m, 26.16 N-m, 26.16 N-m and 29.90 N-m, for Dura
biodiesel, Dura biodiesel blend, Tenera biodiesel, Diesel and Tenera biodiesel blend, respectively. Thirdly,
brake specific fuel consumption at Peak torque loads were 0.354kg/kW-h, 0.288kg/kW-h, 0.348kg/
kW-h, 0.385kg/kw-h and 0.289kg/kW-h, for Dura biodiesel, Dura biodiesel blend, Tenera biodiesel,
Diesel and Tenera biodiesel blend, respectively. Therefore palm oil biodiesel, especially Dura and its
blends were found to be very good fuel for low speed rated engines.
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1.0 Introduction

Presently, there are increasing activities of processing
of farm products by farming communities because
they have become aware that adding value to their
products means more income for them than sell them
at very raw state. A rice farmer who parboils and
mills his paddy instead of selling it to big rice mills,
makes an additional profit of about 50 percent of
the total cost of production (Ituen, 1997). In the
same way, a farmer who processes his oil palm fruits
for palm oil and crushes the palm kernel for palm
kernel oil (PKO) and palm kernel cake, earns more
money than would do by stopping at producing palm
oil only. The cassava processor is aware that more
would be processed if machinery were employed.

Because of this extra income and time saving in
processing of the products, many farmers have
grouped themselves into cooperatives and pull their
resources together to buy processing equipment.
Thus small and medium scale enterprises are now

seen in the rural communities and many more people
are engaged in food processing. Many international
organizations, namely, United Nations Industrial
Development Organization (UNIDO), United
Nations Development Programme (UNDP), the
World Bank, have encouraged this small and
medium scale production (Wiemer, 1989).  They
give assistance in finance and equipment. Thus there
are many UNDP-UNIDO, world Bank-assisted
programmes in farming communities.

The problem of fuel scarcity which farmers often
face, should be addressed for effective production
and processing of farm products. It is for this reason
that this work on the development of palm oil
biodiesel, an alternative to diesel, was embarked
upon. Biodiesel   production may be feasible because
the feedstock, the oil palm, is in abundance in many
farming communities. They may decide to set aside,
a small portion of the oil palm plantation for fuel
production and this may be enough for their needs.
The biodiesel plant is simple and can be sited even
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at the backyard.

Some authors, such as Masjuki et al., (1993), had
worked on palm oil methyl esters as alternative diesel
fuel. But this work was mainly to investigate the
performance of this palm oil methyl ester at low
engine speed. This is the condition in which most of
the internal combustion engines used as prime movers
to run agricultural processing machineries operate.
They are often rated at 850 rpm.

Consequently, mechanical efficiency and other
parameters of the engine, using this biodiesel and its
blends with diesel, were to be examined at a speed
close to the rated speed of these engines.

Of particular interest was the involvement of Dura
variety of the oil palm (native variety) in this work.
Most work in the past had been on the improved
variety, the Tenera oil palm. Since Dura variety still
constitutes about 65 percent of the oil palm in rural
areas, its potential as a source of fuel will be of great
interest to the people, especially the rural dwellers.
Biodiesel with its blends with diesel is known to
reduce emissions and also make engines durable
(Schumacher et al, 1992, 1994, 2005; Nwafor,
2003). If it is effectively used as fuel or fuel blends
in the rural areas, it will contribute to clean air quality,
good health and at the same time reduce incessant
break down of their diesel engines, increase
Agricultural production and ultimately promote food
security.

2.0 Results and Discussion

2.1 Experimental Procedure

A techno single cylinder water-cooled four-stoke

engine was used for the test. Fuel was measured by
gravity with a 50ml burette and a stop watch. There
was a two-way valve line for rapid changing from
the reference diesel fuel to the candidate fuel. A digital
tachometer was used in measuring the engine speed.
Load measurement was by a prony-brake
dynamometer.

Engine Data:
Cylinder bore : 100mm
Stroke : 115mm
Engine capacity: 0.903 litres
Compression ratio: 20
Max power puput : 11.63kW (16 h.p.)
Max rated speed : 2200rpm

The test was carried out at ¼ - engine load
conditions, which was at a constant speed of 1100
rpm. This lower portion of the rated engine speed
was chosen so as to investigate the fuel performance
at low speed engine. As it has been stated that most
of the internal combustion engines (prime movers)
used by the farmers in rural communities are rated
at low speeds, e.g, not greater than 850rpm.  The
low speed rated engine is necessary since a lot of
processing machinery such as cassava graters, rice
hullers, palm fruits digesters, etc, are run at speeds
not exceeding 750rpm.

The raw data were obtained by direct measurement
as described in the procedure. Others were derived.
The indicated power was obtained by adding friction
power to the brake power. Friction power was
obtained by Willan’s line method (Genesan, 1995),
a plot of fuel consumption against brake power.
Since the test was at constant speed, the friction
power was assumed constant.

Table 1:  Data for Test at constant speed of 1100rpm for the five fuels used.
Diesel Dura Biodiesel

B1100
Tenera Biodiesel 

B2100
Brake mean 

Effective 
Pressure (Bmep) 

(KN/m2

Mechanical 
Efficiency (%)

Brake mean 
Effective 

Pressure (Bmep) 
(KN/m2

Mechanical  
Efficiency  (%)

Brake mean 
Effective 

Pressure (Bmep) 
(KN/m2

Mechanical 
Efficiency (%)

86.70 26.47 138.74 69.70 121.35 32.33
121.35 33.22 208.05 77.48 190.65 46.75
182.02 43.02 260.09 81.13 208.05 48.86
260.09 51.81 294.75 82.99 242.70 52.76
312.14 56.33 346.79 85.12 312.14 57.55
320.76 57.08 416.09 87.31 364.05 61.46
364.05 60.08 381.00 62.58
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3.0 Discussion

Table 1 shown contains data obtained from the en-
gine performance tests at a constant speed of
1100rpm, using the two palm oil biodiesels, the Dura
(B

1
100) and Tenera (B

2
100) together with their

blends with blends with diesel, at 10 percent biodiesel
to 90 percent diesel, vol/vol, (B

1
10 and B

2
10,) re-

spectively. Diesel was the reference fuel. It is ob-
served that brake mean effective pressure devel-
oped on the piston head was highest with the use of
B

1
 100 and B

2
10 with a value of 416.09 kN/m2. It

was followed by B
2
100 and B

1
10 with a value of

381.00KN/m2. Diesel had the lowest. The brake
mean effective pressure (Bmep) is an indication of
how power and torque are obtained per litre of fuel
and it is independent of engine speed and size. Con-
sequently, the biodiesels and blends with diesels
having higher Bmep, produced higher torque and
power per litre of the fuel used in the engine. They
are therefore seen as better performing fuels than
diesel in this work.

Furthermore, it is observed that the mechanical effi-
ciency of the engine was highest with the dura
biodiesel (B

1
100), having a peak value of 87.31

percent and then followed by its blend with diesel
(B

1
10), with a peak value of 71.66 percent. The

diesel had the lowest value. This again indicates that
the biodiesels and their blends performed better in
he engine than the diesel fuel.

Since the engine was running at a constant speed, a
plot of mechanicaatl efficiency against brake mean
effective pressure shown in the figure below clearly
indicates the performance of these fuels.

The higher mechanical efficiency exhibited by Dura

Table 1b

palm oil biodiesel and its blends with diesel show
that they have higher thermal efficiency.  This means
greater output is generated with respect to the heat
energy supplied by the fuel.

Table 2 shows the peak Torque developed and the
corresponding Brake specific fuel consumption for
each fuel, obtained during the test. It is observed
that the Dura biodiesel, B

1
100 and the Tenera

biodiesel blend B
2
10, had the highest output of  29.9

N-m. It was followed by Dura blend, with 27.41
N-m. The high torque developed is necessary for
heavy duty work.

Brake specific fuel consumptions (Bsfc) at the peak
torque loads were 0.385kg/kW-h, 0.354kg/kW-h,
0.348kg/kW-h, 0.288kg/kW-h and 0.289kg/kW-
h, for diesel, Dura biodiesel, Tenera biodiesel, Dura

Figure 1: Comparison of Mechanical Efficiency
(Determined from Willan’s Lines) at a constant
speed of 1100 rpm.

DURA BIODIESEL BLEND
B110

TENERA BIODIESEL BLEND 
B210

Brake mean Effective Pressure 
(Bmep) (KN/m2

Mechanical 
Efficiency (%)

Brake mean Effective Pressure 
(Bmep) (KN/m2

Mechanical  
Efficiency  (%)

121.35 44.44 104.09 25.60
190.65 55.83 173.40 36.55
208.05 57.91 225.44 42.79
242.70 61.66 242.70 44.57
312.14 67.36 312.14 50.79
364.05 70.66 346.79 53.45
381.00 71.66 416.09 57.91
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biodiesel blend and Tenera biodiesel blend,
respectively. Thus the biodiesel blends had lower
values of Bsfc than the two pure biodiesels and the
diesel. The lower values mean lower fuel
consumption and better fuel economy. It was also
observed that these two blends had higher heat of
combustion (calorificc value) than the diesel, a
situation observed to be abnormal since the two pure
biodiesels had lower calorific values than diesel.

The Dura biodiesel performed very well during the
test.  The engine did not have hard starting even
when kept for 6 days during the harmattan period,
(cold weather period).But with the Tenera biodiesel,
there was hard-starting when the engine rested for
3 hours.  So it needed warm-up and cool-down
with the diesel.  The blends of both Tenera and Dura
with diesel did not give hard starting to the engine;
even at as low as 10 percent biodiesel.  Also with
the blends of both Dura and Tenera biodiesels, the
brake specific fuel consumption values were lower
than that of diesel, indicating very good fuel economy.
Even that of 100 percent Dura biodiesel was lower
too. But in tests at higher speed values, Bsfc values
for the pure biodiesels were higher than that of diesel.

The high performance of biodiesels and their blends
with diesel must have been attributed also to the fact
that they are oxygenated fuels. There is sustained
and smooth combustion in such fuels such that there
is no knocking of the engine but adequate power is
produced for work. Again, the biodiesels and their
blends had higher cetane numbers than diesel. Dura
biodiesel had the highest cetane number of 51.12.
The blends ranged from 47.00 to 50.61 at different
proportions of blending. The cetane number of diesel
was 45.70. Centane number also affects the
combustion of a fuel. The higher the cetane number,
the shorter the ignition delay (ID) and the better the
combustion of the fuel. This was another reason of
Dura biodiesel and the blends’ better performance

Table 2: Comparison of Peak Torque and Brake specific fuel consumption developed by the 5 fuels in the
engine at a low speed of 1100rpm.

in the engine.

4.0 Conclusion

At ¼ load which coincided with engine speed of
1100rpm, the engine, run with palm oil biodiesel,
especially the Dura (B

1
100) exhibited the highest

mechanical efficiency among the five fuels used. It
also indicated the highest torque. It was then fol-
lowed by its blend with diesel, B

1
10. Tenera palm

oil biodiesel and its blend also performed well.

From these observations, it can be stated that palm
oil biodiesel (especially Dura) and its blends with
diesel, are very good fuels for running low rated-
speed internal combustion engines. Since this type
of engine constitutes a great majority of the prime
movers used in running Agricultural processing ma-
chines, then biodiesel would be a very important fuel
for farmers in the rural communities. They often ex-
perience incessant fuel (diesel) shortage even at peak
periods of planting and harvests, thus leading to fail-
ure in crop production, spoilage of farm crops and,
ultimately, heavy financial losses.

Palm oil biodiesel has a simple production plant which
can be sited in plantations or villages, and the
feedstock, the oil palm is readily available. A small
portion of an oil palm plantation can be set aside for
fuel production to meet the farm’s needs. In this way,
bad terrain or roads, would not constitute a problem
that can bring about fuel scarcity to prevent timely
planting, harvesting and processing of crops. There
would be increase food production for the rapidly
increasing population and hunger threat can be
reduced.
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