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This study aims to reveal the performance and exhaust emissions of a spark ignition (SI) engine 

fueled by a gasoline-bioethanol mixture. The main performance characteristics of the SI engine 

tested are torque, power output; thermal efficiency, brake specific fuel consumption, and brake 

mean effective pressure. Meanwhile, the exhaust emissions seen are carbon monoxide and 

hydrocarbons. The test is carried out by comparing the performance of the SI engine under 

standard conditions without modification with gasoline fuel, with the SI engine with 

modification with 85% bioethanol fuel. The mass flow of fuel is regulated by modifying the 

carburetor choke at 3/4 and 7/8. The results show that although slightly lower than gasoline, 

in general, it can be seen that bioethanol can improve SI engine performance and produce 

environmentally friendly exhaust emissions. 
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1. Introduction 

It is necessary to utilize alternative energy 

resources regarding decreasing reserves of fossil 

fuels, intensifying industrial activity, and the 

world population grow up [1], [2]. The need for 

alternative fuels is very important so that further 

research is needed in line with the fact that the use 

of alternative fuels still causes pollution that has 

an impact on increasing the effect of greenhouse 

gases [3]–[5]. Bioethanol and biodiesel are the 

most superior alternative fuels used in internal 

combustion engines [6], [7], but bioethanol has 

more advantages over biodiesel because it has low 

production costs, environmentally friendly 

combustion gases, and has brighter prospects [8]–

[10]. 

On the other hand, ethanol has been applied in 

SI engines using various types of vegetable raw 

materials, such as sugarcane, corn, lignocellulose 

biomass, and starchy biomass, herbaceous, 

industrial and municipal solid waste [11], [12]. 

Many studies on the ethanol and gasoline blended 

in SI engine (E5 to E70) have also been carried out 

to determine its effect on combustion parameters 

such as cylinder pressure, cylinder temperature, 

combustion efficiency, combustion duration, 

combustion speed, cold start, anti-knock, and 

emission [9], [13], [14]. The results showed that 

with a lower calorific value than gasoline, the 

specific fuel consumption of ethanol increases, so 

a higher mass of ethanol is required for each unit 

of power produced [9], [15], [16]. Furthermore, 

because ethanol has a higher heat of vaporization, 

the evaporation of fuel occurs at a higher 

temperature, which is accompanied by an increase 

in flame speed, increasing fuel conversion 

efficiency [17], [18]. Moreover, there is an increase 

in-cylinder pressure and work done on the piston 

so that the combustion of bioethanol produces a 

higher volume of product. On the other hand, the 

lower calorific value of bioethanol results in an 

increase in specific fuel consumption compared to 
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gasoline, i.e., a higher mass amount of ethanol is 

required per unit of power generated [19]. 

Furthermore, several studies for the main 

spark ignition (SI) engine performance 

characteristics such as engine torque (T), power 

output (N), thermal efficiency (ηth), brake specific 

fuel consumption (BSFC), and brake mean 

effective pressure (BMEP). The results found that 

all parameters of the main SI engine performance 

characteristics have increased, and this occurs 

when the engine is in an unmodified condition 

with an engine speed of around 1500 to 5000 rpm 

[20], [21]. Therefore, several researchers studied 

the use of ethanol in SI engines with high engine 

speeds of around 5500 to 8000-rpm with the 

engine in standard conditions without 

modification [22], [23]. The results show that the 

engine performance has decreased and even fuel 

consumption is very wasteful, and what is 

unfortunate is that this happens not only at high-

speed engines but also at low engine speeds of 

1500 to 5000 rpm. This shows that ethanol has 

advantages and disadvantages that make it 

effective but also inefficient. 

The same thing happened when using BE85, 

the results showed that the use of blended 

gasoline and BE85 in SI engines decreased the 

combustion duration, combustion speed, 

combustion temperature, and heat release rate 

(HRR) [16], [24], [25], and this occurs when the SI 

engine is in standard and unmodified condition. 

These facts show that to produce an effective and 

efficient performance of the SI engine using 

ethanol fuel, thus the fuels cannot be operated 

under standard conditions or without 

modification [20], [26]. In present studies, 

modifications were made to the carburetor 

because the carburetor is a crucial part of making 

modifications because it is responsible for the 

mass flow of the fuel mixture entering the 

combustion chamber [27], [28]. Therefore, this 

research aims to reveal scientific information 

regarding the performance of SI engines with 

BE85 fuel and its exhaust emissions with the 

modified a carburetor engine and operated by 

speed variation at wide-open throttle. 

 

2. Material and methods 

The raw material for bioethanol comes from 

coconut flower sap with a percentage of 85% to 

gasoline 15%. Bioethanol obtained from natural 

fermentation has a percentage of 43-45%, then a 

distillation process is carried out using a 

fractionation column to increase the ethanol 

content to 94-95%. The fuel mixture (BE 85%-

Gasoline 15%) was obtained by mixing it in a test 

tube and shaking it manually. The test of fuel 

properties was carried out at the fuel-testing 

laboratory of PT. Pertamina West Surabaya and 

the results are presented in Table 1. Engine 

performance test used SI engines 125 ccs, and the 

engine speed variation at wide-open throttle and 

choke carburetor variation as 3/4 and 7/8. The 

modification of the choke carburetor is intended 

to get enough fuel requirement and to minimize 

the oxidizer that is composed of bioethanol. The 

detail of the exhaust gas analyzer is shown in 

Figure 1, and the experimental scheme is shown in 

Figure 2. In general, engine testing is carried out 3 

times with the following steps: 

a. The load from the water brake dynamometer is 

adjusted by opening the water intake valve 

until the engine shows the desired speed, 

(7500, 7000, 6500, 6000, 5500, 5000, 4500, 4000, 

3500, 3000) rpm, observations are made after 

equilibrium is reached (stable). 

b. At every change in engine speed, data is 

collected on the water brake dynamometer 

shaft rotation, torque, fuel consumption time 

every 25 ml, ∆h manometer, and exhaust 

emissions (CO and HC). 
 

 
Figure 1. Exhaust gas analyzer 

Note: (a) CO display; (b) Engine speed (rpm) button; (c) HC 

display; (d) On/off button (e) The button to activate the exhaust 

gas test results (print out); (f) Exhaust gas temperature (oC); (g) 

O2 display; (h) NOx and lambda display; (i) Print out results of 

exhaust gas testing; (j) CO2 display 
 

3. Result and Discussion 

3.1. Torque and power 

Figure 3 shows the relationship between torque 

and engine speed with gasoline compared to the 

BE-85 C3/4 and BE-85 C7/8 engines. It can be seen
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Table 1. The main properties of fuels 

Properties Gasoline BE-85 

Molecular formula C7H18 C2H5OH 

Molecular weight, wt. 100 46 

Research octane number (RON) 88 -100 105 

Motor octane number (MON) 80 -90 89 

Flash Point (oC) -23 12.78 

Caloric value (cal/gr) 10500 8939 

Density at 15 oC (kg/m3 ) 715 780 

Viscosity at 20 oC (cSt) 0.6 0.546 

Lower heating value, MJ/kg 28 15.3 

Latent heat evaporation, kJ/kg  349 784.5 

Stoichiometric A/F Ratio 14.5 7.65 

 

 
Figure 2. The experimental scheme 

 

that the smallest torque is produced by the BE-85 

C3/4 engine, followed by the BE-85 C7/8 engine, 

and the largest in the gasoline engine. These 

results also indicate that the energy produced by 

the combustion of gasoline is greater than BE-85, 

and this is due to the difference in the energy 

content of the fuels. Table 1 shows that gasoline 

has a calorific value of 10500 cal/gr while BE-85 is 

about 8939 cal/gr. 

 

 
Figure 3. Engine torque for various blends 

This result is confirmed from Figure 4, it can be 

seen that the power generated by the BE-85 C 3/4 

engine is smaller than the other fuel. This 

phenomenon is very possible because the need for 

oxygen in the combustion process increases due to 

the addition of getting from the air flowing 

through the choke valve gap, oxygen is also 

obtained from the content of ethanol fuel 

compounds. 

 

 
Figure 4. Engine power for various blends 
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Moreover, Figure 4 shows that the low power is 

due to the small amount of air and fuel mixture 

that can be burned because the rate of the first end 

of the flame is quite slow. Furthermore, the high 

auto ignition temperature of BE-85 is due to the 

occurrence of ignition lag or the development of a 

flame core at the beginning of the combustion 

reaction, originating from sparks that ignite the 

fuel-air mixture at the tip of the spark plug 

electrode. The long ignition lag causes the 

unburned fuel to be wasted together with the 

exhaust gases, and this is confirmed by the high 

exhaust gas levels of the BE-85 HC engine (see 

Figure 9). This analysis is very possible because 

when compared with previous research studies, 

they stated that HC levels decreased when the air 

and fuel mixture was in stoichiometric conditions 

[15]. 

Furthermore, although the amount of BE-85 

fuel supplied to the engine has been increased by 

increasing the choke to 7/8, it has not been able to 

increase engine power like gasoline. In addition, 

this makes the carburetor coke position no longer 

enlarged because it has the potential to cause the 

air-fuel mixture that enters the combustion 

chamber to be too rich so that the air and fuel 

mixture cannot be burned completely. Moreover, 

this excessive amount of fuel can lower the 

combustion temperature and this is very 

detrimental because it has the potential to reduce 

engine power. 

BE-85 fuel cannot produce more power than 

gasoline for at least four reasons. The first is the 

value of the energy content expressed by the 

calorific value of BE85 fuel which is smaller than 

gasoline.   In addition, its also influenced by 

differences in the structure of the fuel compounds. 

Gasoline with chemical formula C7H18 and 

chemical formula of ethanol which is the largest 

constituent (85%) of BE-85 is C2H5OH, meaning 

the number of carbon (C) atoms of gasoline is 

about three times compared to the number of 

atoms of carbon possessed by BE-85. The same 

applies to the number of hydrogen (H) atoms, 

where the hydrogen atoms in gasoline are about 

three times higher than the number of hydrogen 

atoms in BE-85. C and H atoms easily react with 

oxygen, and if present in sufficient quantities will 

form CO2 gas (carbon dioxide) and release energy, 

while H atoms when reacting with O2 will form 

H2O (water vapor) and release energy. So if the 

more C and H atoms are contained by fuel, the 

greater the energy released during the 

combustion of the fuel. Another cause is the 

stoichiometric ratio of air and fuel (A/F) that can 

cause the combustion process to take place 

completely, meaning that all fuel can be burned 

and the indications of CO and HC exhaust gases 

are very low. If the amount of fuel is increased by 

increasing the choke, the resulting mixture will be 

too rich. This is because the cross-sectional area of 

the carburetor inlet and venture throat is less 

large. While the last cause is because power is also 

influenced by the rate of combustion, where the 

greater the rate of combustion, the greater the 

energy resulting from combustion. This is due to 

the more of the air and fuel mixture can be burned, 

especially at the high engine speed, which is 

around 7000 rpm, thus the combustion time faster. 

 

3.2. Brake mean effective pressure and fuel 

consumptions 

Figure 5 shows that the BMEP continues to 

decrease with increasing engine speed (rpm), and 

this is because at high rpm there is the fuel that 

does not burn completely so that it becomes a 

cooling medium and decreased the combustion 

temperature. This factor has the potential to delay 

the rate of combustion and decrease BMEP. This 

analysis follows the results of previous studies 

which stated that the combustion rate decreased 

along with the increase in unburned 

hydrocarbons as an indicator that some of the fuel 

had not been burned [18]. 

 
Figure 5. Brake mean effective pressure for various 

blends 

 

This phenomenon is also supported by the 

results on fuel consumption (bsfc). Figure 6 shows 

that the BE-85 fuel consumption is higher than 

https://www.scopus.com/authid/detail.uri?authorId=57196943182
http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index


© Hendry Y. Nanlohy, et al. 
 

Automotive Experiences  44 
 

gasoline due to the modification of the choke on 

the carburetor so that the venturi throat volume is 

dominated by fuel. Therefore, the mass flow rate 

of air becomes slower while the mass flow rate of 

fuel becomes faster so that only a small amount of 

fuel can be burned. This analysis is confirmed by 

the high exhaust emissions of HC (see Figure 9) on 

the BE-85 engine with 3/4 and 7/8 choke 

variations. 

 
Figure 6. Brake specific fuel consumption for various 

blends 

 

3.3. Thermal efficiency 

In general, as presented in Figure 7, it can be 

seen that the thermal efficiency produced by the 

BE-85 engine is greater or an increase of 17% when 

compared to the gasoline engine with standard 

conditions. This is due to the low calorific value of 

BE-85 but can produce an output power that is 

almost the same as gasoline. This result looks a 

little strange but it is very possible because, with 

close observation, it is proven that BE-85 can 

produce higher efficiency when compared to 

gasoline. This phenomenon is very reasonable 

because at 4000 rpm the power output of the BE-

85 drops by 16% lower than gasoline.  

 

 
Figure 7. Thermal efficiency for various blends 

 

Moreover, it shows that fuel consumption at 

4000 rpm increased by 34% greater than gasoline. 

However, it should be realized that the calorific 

value of BE-85 is smaller than the calorific value of 

gasoline so that the input power of the BE-85 

engine is also smaller than gasoline. These results 

are alignment with previous studies by Max et al. 

[16]. 
 

3.4. Exhaust emissions (CO and HC) 

As presented in Figure 8, it can be seen that the 

level of CO produced by the BE-85 engine using a 

7/8 choke is very large when compared to the 

BE85 engine using a 3/4 choke. However in 

general the result shows that the CO content 

produced by BE85-fueled engines is still higher 

than gasoline fueled engines. This is due to the 

excess of fuel and lack of oxygen causing a fuel 

mixture to be too rich so that the combustion 

process takes imperfect and potentially increasing 

carbon monoxide levels. This analysis is very 

possible and confirmed from the results of 

previous studies [25], [29] (see Figure 10), which 

can be seen that CO and HC emissions decrease 

when the fuel gets the right oxygen needs. They 

state that when the carbon atom gets enough 

oxygen, there is a formation of carbon dioxide gas 

and accompanied by the release of large 

combustion energy. Conversely, if the carbon 

atom does not get enough oxygen, it will be 

formed gas and be followed by a weak energy 

release. 

 

 
Figure 8. Carbon monoxide for various blends 

 

Furthermore, high CO levels are not only 

caused by a mixture that is rich or lacking in 

oxygen but also due to the dissociation of CO2 into 

CO and O2 that occurs at high temperatures of 

around 1000 – 1500 Celsius degree. Moreover, the 
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presence of CO in the exhaust gas is also caused 

by incomplete combustion in the combustion 

chamber caused by the lack of air in the fuel 

mixture entering the combustion chamber or due 

to the lack of time to complete the combustion 

time. Moreover, carbon monoxide is also taken 

place because of the quality of the fuel mixture, 

homogeneity, and the air-fuel ratio. Lack of 

oxygen causes carbon to react imperfectly so that 

CO is formed [30]. As confirmed in Figure 8 that 

the higher the engine speed, the lower the CO 

emissions produced. Whereas Figure 8 shows that 

the HC of the BE85 engine using a 7/8 choke is 

higher than that of gasoline or BE85 using a 3/4 

choke. This is due to the incomplete combustion 

due to a slow combustion rate, as evidenced by the 

low engine speed, and the other hand produced 

very high HC accompanied by increased fuel 

consumption (see Figure 6). 

 

 
Figure 9. Hydrocarbon for various blends 

 

 
Figure 10. CO and HC concentrations in oxygen [25]. 

 

4. Conclusion 

Experimental research has been conducted on 

SI engine performance characteristics with BE-85, 

and the result shows that BE-85 is successful to 

improve SI engine performance and is 

environmentally friendly. Furthermore, the most 

important thing that must be considered to 

improve the performance of the SI engine with 

BE-85 is to adjust the composition of the amount 

of air mass and BE-85 by varying the carburetor 

choke by 3/4 and 7/8. To get the maximum benefit 

from bioethanol, further research is needed using 

bioethanol with a low level of mixture or 100 

percent in SI engines with engine speeds of 

around 5000 to 8000 rpm. Several studies have 

found that without modification, bioethanol-

fueled SI engines produce different performance 

(advantages and disadvantages), therefore, it can 

be tried to modify the engine on the compression 

ratio and ignition degree. 
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