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ABSTRACT
The depletion of fossil fuel availability and increase of pollution due to the use of fossil
fuels have forced the researcher to find a renewable-friendly energy source. One of the
potential replacements is alcohol based fuel. This present study investigated
experimentally the influence of ethanol addition on the engine performance, in terms of
effective power, brake specific fuel consumption, and exhaust emissions of a gasoline
spark ignition engine. The engine used in the research was a 4-stroke single cylinder,
indirect injection system with engine capacity of 124.8cc, and compression ratio of
9.3:1. The experiments were conducted at eight different engine speeds ranging from
1500 rpm to 5000 rpm and 10 types of gasoline-ethanol mixtures (E10 to E100). The
result showed that the effective power decreased with the increase of ethanol in the fuel
blends for all variations of engine speed. Leaning effect of ethanol addition in the blend
fuel caused the CO emissions to decrease greatly as well as the HC emissions. On
average, gasoline engine fueled by pure ethanol reduced the CO emission level by more
than 60 % in volume compared to the engine with gasoline fuel. On average, the
maximum power of the engine with fuel blend was obtained at engine speed of around
2500 to 3000 rpm. For higher ethanol content on the fuel blend, the optimum shift to the
lower engine speed. It can be concluded that engine operation with ethanol content on
the fuel performed better in the lower engine speed.
Keywords: Ethanol; gasoline-ethanol fuel; spark ignition engine; engine performance;
emissions.
INTRODUCTION
The decreasing fossil fuel reserves and environmental degradation caused by pollution
from the burning of fossil fuels are forcing the researcher to develop new renewable
energy sources that are more benign for the environment. Ethanol is an alternative fuel
that has been developed to be a substitute for fossil fuels. The main advantages of
ethanol as a fuel is that it can be produced from renewable energy sources such as
sugarcane, cassava, waste biomass materials, and corn. Furthermore, burning ethanol is
cleaner than fossil fuels so as to reduce environmental pollution and greenhouse
emissions. Currently, alcohol based fuel is found to be the main focus for internal
combustion engine research [1-8]. Ethanol could be used as a blending fuel in gasoline
and diesel engines [9-11]. Furthermore, ethanol also acts as fuel additive to improve the
engine performance [12]. Some researchers proved that ethanol has several advantages
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over gasoline such as the reduction of CO and HC emissions burning and better antiknock characteristics, which allow the use of a higher compression ratio of the engine
[13-15]. Research by Al-Farayedhi [16] on the SI engine showed that the addition of
ethanol in gasoline can reduce emissions of CO gas, especially in the rich combustion
conditions for the extra oxygen already contained in ethanol (available oxygen
contained). Another result of the study showed that the addition of 10% ethanol in
gasoline-ethanol mixtures could also reduce emissions of NOx. The addition of ethanol,
according to a research by Miers [17], can also reduce hydrocarbon emissions since the
addition of ethanol gasoline can lower the evaporation temperature. Another advantage
of using ethanol is that ethanol has a higher octane number which can be designed so
that the motor fuel has higher compression ratios to obtain greater thermal efficiency.
Turner [10] researched on motor gasoline by using 85% ethanol fuels. Motor fuel
performance testing was carried out on the design of a high compression ratio. The
results showed that the knocking limit can be increased significantly because of the high
octane number of ethanol in the range of RON 105. This resulted in the thermal
efficiency of motor fuel to increase 3 to 4%. Mustafa [18] did a research on the effect of
compression ratio on the performance and combustion emissions of internal combustion
engine spark plug. The results showed that the specific fuel consumption of gasolineethanol mixtures tend to be higher than using pure gasoline. Furthermore, an increase in
compression ratio engine resulted in increased engine performance [19, 20].
In order to accelerate the conversion of fossil fuel with environmentally-friendly
fuels, especially ethanol fuel, the retrofit technique on the motorcycle engine in the
market is one way to realise the goal. So far, ethanol has been used in small proportion
blend fuel such as from 5% to 10%. There is a lack of data on the performances of blend
fuel with higher percentage of ethanol on the spark ignition engine. The present research
aims to retrofit the gasoline motor cycle with ethanol-gasoline fuel in a wide range of
percentage of ethanol on the blend fuel (0 – 100 %). Since the stoichiometric mixtures
between gasoline and ethanol are different, the use of ethanol in the gasoline engine
requires some modifications to the engine. Hopefully, the present experiment could be
used as a reference to improve the engine performance of spark ignition engine with
higher ethanol blend fuel.
METHODS AND MATERIALS
Experimental Apparatus
The schematic of the experimental setup is shown in Fig 1. Experiments were
performed on a commercial motorcycle without any modification on the engine. The
specification of the engine used in this study was a gasoline engine 4 stroke singlecylinder with engine capacity of 124.8cc and compression ratio of 9.3: 1. Details of the
engine specification are shown in table 1. The engine was an indirect injection system.
The motor shaft was coupled to a dynamometer to measure the torque and power of the
engine. An engine brake dynamometer was produced by a local manufacturer with
maximal load capacity of 20 kW and maximum speed of 7000 rpm. The Electronic
Control Unit (ECU) of the motor cycle could not be reprogrammed to accommodate the
parameter study. Therefore, the system was replaced by a modified ECU System to be
programmed (ECU Juken 3) and set according to the motor operating parameters of the
test. With this modified ECU, the ignition system, injection time, and amount of supply
of fuel into the combustion chamber can be adjusted with a mixture of gasoline-ethanol
fuel.
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Figure 1. Photograph of experimental setup.
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Figure 2. Schematic of experimental setup.
Stargas exhaust gas analyser (type 898) was used to measure the concentration
of CO, CO2, O2, and HC. This gas analyser can perform automatic calibration at every
analysis while the level of accuracy in the analysis of gas concentrations was low. The
exhaust gas for the analysis was tapped from the exhaust pipe, approximately 1 m away
from the exhaust.
Table 1. Specification of the SI engine.
Description
Engine Type
Displacement, cc
Number of cylinder
Compression ratio
Bore, mm
Stroke, mm
Max. power, PS/rpm
Max. torque, kgf.m/rpm
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Value
Gasoline
124.8
1
9.3:1
52.4
57.9
9.6/5700
1.08/5500
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Experimental Procedure
The experiments were conducted at eight different engine speeds ranging from 1500
rpm to 5000 rpm, by 500 rpm increments and a fixed compression ratio of 9.3:1. The
fuel used in this experiment was unleaded gasoline (E0) and 10 types of gasolineethanol mixtures (E10 to E100). E indicates the volumetric percentage amount of
ethanol in the fuel. In order to produce the blend fuel, gasoline and ethanol (99% purity)
were mixed manually at different proportions based on the volume ratio. Then, the
evaluations of the properties of blend fuel such as density and heating value were
carried out. The data can be seen in table 2. Engine torque, fuel consumption, and
pollutant emissions of the engine were tested for each fuel type and engine speed. A
total of 88 experiments were conducted. At each experiment, the engine was allowed to
reach a stable condition and then the measurements were recorded in a few minutes. In
this study, the ECU could adjust the frequency of injection of fuel every minute and the
percentage of injector openings in each injected fuel (duty cycle). The adjustment of
ECU ensured that the mixture of fuel and air was always in the stoichiometry condition
(excess air equal to 1) for each different type of fuel.
Table 2. Properties of gasoline-ethanol blends.
Gasolineethanol
E0
E10
E20
E30
E40
E50
E60
E70
E80
E90
E100

density (kg/l)
0,735
0,740
0,745
0,750
0,755
0,760
0,765
0,770
0,775
0,780
0,785

LHV
(kcal/kg)
10509
10102,9
9696,8
9290,7
8884,6
8478,5
8072,4
7666,3
7260,2
6859,1
6448

RESULTS AND DISCUSSION
Figure 2 shows the effect of gasoline-ethanol blends for different percentages of ethanol
from 10% to 100% on the effective power of the engine between 1500 rpm and 5000
rpm engine speed. As shown in this figure, the effective power tends to decrease with
the increase of the volumetric amount of ethanol in the fuel blends for all variations of
engine speed. The heating value of ethanol was about 35% less than that of gasoline.
The increase in the percentage of ethanol resulted in the low energy content of gasolineethanol blend (Table 2). As a result, the addition of ethanol in the fuel blend decreased
the power of the engine. The maximum power of the engine was obtained at engine
speed around 2500 to 3000 rpm. At the engine speed higher than 3000 rpm, the
effective power decreased with the increasing engine speed. The value of volumetric
efficiency was inversely proportional to the engine speed. Consequently, the volumetric
efficiency decreased with the increasing engine speed. This condition was caused by the
choked flow phenomenon and occurred when the flow rate of the fuel could not increase
with further increase in the pressure drop at the inlet. As a result, once a choked flow
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phenomenon occurred, the volumetric efficiency will significantly decrease and the
power will also decrease [21]. The experimental result of the engine speed at maximum
engine power agreed with the investigation observed by Phuangwongtrakul [4].
However, the relationship between power and ethanol percentage in the fuel showed a
different tendency with a previous research by [10]. The present experiment was
performed at a lower compression ratio compared to the previous research.

Figure 2. The effect of percentage of ethanol on the effective power
for different engine speeds.

Figure 3. The effect of percentage of ethanol on the brake specific fuel consumption for
different engine speeds.
Figure 3 depicts the dependence of brake specific fuel consumption (BSFC) on
the percentage of ethanol for different engine speeds from 1500 to 5000 rpm. The BSFC
was measured at constant engine speed and torque. As shown in the figure, ethanol
addition caused the increment of BSFC. Even an increase in BSFC would be enlarged
with the increase of the engine speed. This could be explained with the effect of heating
value of fuel blend on the BSFC. Heating value indicates the amount of energy
produced by a complete combustion of fuel per unit mass. Ethanol has a lower heating
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value than that of gasoline; therefore, in order to produce the same energy, engine
fuelled ethanol needs more mass of fuel compared to gasoline engine. Engine with
blend fuel requires more to produce the same power compared to pure gasoline at the
same working condition [22].
Figure 4 displays the effect of ethanol addition on the CO emissions of the spark
ignition engine. For all of the engine speed ranges of the experiment, the combustion
produced very low CO emissions. CO emissions were lower than 0.07% by volume for
all speed ranges. With the increase in ethanol contents, the CO emissions decreased. On
average, motorcycle fuelled by pure ethanol has a reduced CO emission level by more
than 60% of volume compared to an engine with gasoline fuel. The concentration of CO
emission was produced by the level of incomplete combustion. Incomplete combustion
mainly occurs when the combustion takes place in fuel-rich conditions [23]. The
oxygenated characteristic of ethanol can reduce the incidence of incomplete combustion
due to insufficient amount of oxygen in the air-fuel mixture. In the case of engine
fuelled by pure ethanol, the presence of CO emissions in the exhaust gas may be caused
by the reduction of combustion temperature which resulted in incomplete combustion
[24].

Figure 4. The effect of ethanol addition on the CO emission for different engine speeds.
Figure 5 represents the variations of HC emission with respect to the ethanol
concentration in the fuel for different engine speed ranges. The tendency of HC
emission is similar to the CO emission. HC emission was reduced significantly with the
increasing ethanol addition. Reduction in the HC emission indicated that the combustion
performed with better conditions. The main reason for this tendency was caused by the
leaning effect. Ethanol can be tread as a partially oxidised hydrocarbon due to oxygen
atom contained in ethanol [5]. Addition of ethanol in the fuel blend could increase the
number of oxygen atoms for the combustion process (leaning effect). The emission of
HC existed due to insufficient air in the air fuel mixture while combustion occurred in
the incomplete processes. When some portion of ethanol was added in the blend fuel, it
can provide more oxygen for the combustion process and improve the completion of
combustion. Due to the leaning effects, the HC emissions will decrease greatly as well
as the CO emissions [24].
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Figure 5. The effect of ethanol addition on the HC emission for different engine speeds.
CONCLUSIONS
This present experiment investigated the influence of ethanol addition on the
performance and exhaust emissions of a spark direct injection engine. The results could
be summarised as follows:
i) The effective power tends to decrease when the volumetric amount of ethanol in
the fuel blends for all variations of engine speed increase. The maximum power of
the engine was obtained at engine speed around 2500 to 3000 rpm.
ii) Since ethanol has a lower heating value than that of gasoline, ethanol addition in
the blend fuel caused the increment of Brake Specific Fuel Consumption.
iii) The CO emissions decreased with the increase of ethanol in the fuel. On average,
motorcycle fuelled by pure ethanol reduced the CO emission level by more than
60% of volume compared to the engine with gasoline fuel.
iv) Leaning effect of ethanol addition in the fuel blend caused the HC emissions to
decrease significantly.
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