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Abstract: This study present the performance optimization of a spark ignition (SI) engine using 
gasoline fuels with variations of research octane number (88, 92, and 98) with 40 volume % of 
bioethanol. The optimization is done by setting the spark ignition time (2o CA advanced) and fuel 
injection duration (10% reduction) of the engine control module. The engine was tested using an 
engine dynamometer test to obtain the performance data at the shaft speed of 1000, 1500, 2000, 
and 2500 RPM and wide-open throttle conditions. From the results of this study, we conclude that 
optimizing the engine control strategy can lead to the improvement of engine power, torque, and 
specific fuel consumption which are more significant with the usage of fuels with higher octane 
number.  

Keywords: bioethanol; engine control module; ignition timing; injection duration, octane 
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1. Introduction and background
Currently, there are energy issues and problems being 

faced by Indonesia, including dependence on imports of 
fuel, inefficient utilization of energy, and the low 
utilization of new and renewable energy. Furthermore, 
the usage of fossil fuels has some contribution to 
environmental damage1). Fossil fuel production and 
distribution, and the combustion process of fossil fuel in 
the engine emit greenhouse gases into the atmospheres2). 
Renewable energy is a potential option for energy 
security and energy sustainability3). In correspond to deal 
with these problems, the Government of Indonesia 
implements some policies to utilize bioethanol as the 
blending component to gasoline on the transportation 
sector. Fossil fuel, in this case gasoline, still use as the 
main component in ethanol-gasoline blend is based on its 
quantity that available for several hundred years4) 

The mixture of ethanol-gasoline can be utilized as fuel 
for spark ignition (SI) engines even there is no additives 
addition in it6). Mixture of ethanol-gasoline has a lower 
coefficient of variation (COV) and has reduced exhaust 
emissions, such as CO and HC concentration of the 
ethanol is increases5). Five volume % of ethanol added to 
gasoline (E5) will increase its octane number and give 
benefits to increase the engine power, torque and 
decrease the value of specific fuel consumption (SFC)7). 
Engine performance increases with the increase in the 
composition of ethanol in gasoline8). However, the 

utilization of ethanol-gasoline blends especially in a high 
percentage of ethanol needs further study to optimize its 
performance in relation to its heating value which is 
lower than gasoline9) and thus it will lower the 
ethanol-gasoline blend heating value10). The utilization of 
fuel with low heating value will have an impact on 
reducing engine performance and increasing the SFC. 
Al-Baghdadi stated that ethanol addition by 30% in 
gasoline could increase the SFC by 4.3%11). This is 
influenced by the fuel/air ratio of the ethanol-gasoline 
blend which is higher than gasoline so that the fuel mass 
flow rate or the fuel consumption becomes higher in 
order to achieve the same power 9). 

On the other hand, ethanol addition to gasoline will 
increase the octane number of the mixture. The results of 
the study by B. Sugiarto et al. (2018) stated that by 
adding 5 volume % to 20 volume % of ethanol to 
gasoline base fuel with a lower initial octane number 
gasoline base fuel will increase its octane number more 
significant than to gasoline base fuel which already has 
high octane number12). The octane number of gasoline, 
especially the research octane number (RON), is an 
important parameter to indicate its anti-knock 
characteristics13). In particular engine compression ratio, 
the use of high octane fuel has a better combustion 
process which will result in higher engine torque14). 
Because of its higher octane number, the 
ethanol-gasoline blend is suitable to be used in an engine 
with a higher compression ratio9). Engines with a higher 
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compression ratio can increase the efficiency of engines, 
but they require a higher octane number fuel to reduce 
the knock tendency10,15).  

Engine performance is affected by several factors, 
including engine operating conditions, engine design, 
and the properties of fuel/air mixture16). Among those 
factors, spark timing is the main parameter to be 
controlled to optimize engine performance (fuel 
economy, torque)18). 

To run successfully on gasoline-ethanol blends, it 
needs to advance the engine timing of the standard SI 
gasoline engine18). Varying the ignition timing and 
regulating the fuel injection to its stoichiometric mixture 
are included as an engine control strategy to obtain the 
optimum engine performance19). Ignition timing should 
be set at or near mean the best torque (MBT) since the 
engine torque output is maximum at MBT19)  

There are several studies related to the setting of 
ignition timing. Kar and Cheng (2009) stated that with 
the increase in ethanol percentage, the knock resistance 
of the mixed fuel will increase20). Thus, knock is no 
longer a limitation in setting ignition timing. Knock has 
been a limitation when using gasoline fuel. With the 
knock limit, the ignition timing can be advanced closer 
to the MBT value for the use of a mixture of ethanol and 
gasoline fuels to avoid knocking. Ritchie Daniel et al. 
(2012) stated that ethanol requires the most advanced 
spark timing compared to gasoline21). This is caused by 
spark timing gasoline which is limited by knocking. 
Different opinions expressed by Pedro Mello et al. 
(2014) which stated that the addition of ethanol mixed 
with gasoline need to delay the ignition timing to avoid 
knocking because of its higher speed flame propagation 
compared to gasoline. By reversing ignition timing, it 
will reduce the tendency for detonation to occur, but at 
the same time reduce power output and fuel efficiency16). 
To get the highest efficiency with the use of a high 
percentage of ethanol content in the mixture of 
ethanol-gasoline fuel, retarding the spark ignition timing 
has to be done. The reason why we need to delay the 
start of combustion is that the duration of combustion 
initiation and main combustion duration is reduced as the 
ethanol content is increased22). The ethanol added to 
gasoline improves the combustion process, reduces the 
combustion duration, reduces the ignition delay, and 
speeds up the flame front propagation11). The flame 
propagation rate of ethanol and the ethanol-gasoline 
blend is higher than non-oxygenated fuels in all engine 
compression ratios16). Fuel with higher burning speed 
needs smaller advancements of ignition timing. Higher 
ignition advancement is required for low flame speed 

fuels to maximize the engine torque16). On the other hand, 
retarding the ignition timing will reduce the engine 
power and reduce fuel efficiency, although the tendency 
to detonate is also reduced23). When using a higher 
octane number of blend fuel, some engines may be able 
to adjust their ignition timing (advanced) and improve 
their fuel consumption at knock-limited operating 
conditions 25). The onset of knock ultimately limits the 
maximum allowable spark advance and prevents the use 
of the theoretical optimum (MBT) timing21). A higher 
octane rating of fuel allows more advanced spark timing 
and combustion phasing under knock limited conditions 
because its knock resistance is improved26). Currently, in 
some countries market, fuel is gasoline blends Ethanol 
10% -20% percentage volume for vehicles without 
modification used for the conventional engine28) and 
familiar E85 for use in flex-fuel vehicles 29,30), in this 
study focus with blend 40% volume ethanol. 

With so many fuel choices marketed in Indonesia, 
consumers have the potential to choose fuels with octane 
values that are not suitable with the specifications of the 
engine used, so that it can have an impact on reducing 
engine performance and increased fuel consumption. 
This research purpose is to obtain data on engine 
performance and specific optimum SFC for an 
ethanol-gasoline blend with a different octane number of 
gasoline base fuels with blend ethanol 40% volume in 
various conditions of ECM settings, including ignition 
timing and injection duration.  

2. Method and experimental setup
In this study, we prepare three types of Indonesia 

commercial gasoline as base fuels, consist of gasoline 
RON 88, 92, and 98, of which main characteristics are 
described in Table 1 below and Fuel Grade Ethanol 
(concentration- 99,5%). Those base fuels are blended 
with fuel-grade ethanol by the composition of 40 
volume % and coded by 88 E40 (blend of gasoline RON 
88 with 40 volume % of ethanol), 92 E40 (blend of 
gasoline RON 92 with 40 volume % of ethanol), and 98 
E40 (blend gasoline RON 98 with 40 volume % of 
ethanol). Determination of Research Octane Number 
(RON) used CFR engine – F1 accordance ASTM D 
269912,26) and value density accordance ASTM D 405227) 

Table 1. Characteristics of ethanol-gasoline blend 
Parameter 88E40 92E40 98 E40 

Ethanol content, vol.% 40 40 40 
RON 103 105 108 
Density at 15 oC, kg/m3 753.2 760.9 765.3 
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Fig. 1 AVL Engine Dynamometer Test bench Scheme 

We prepared the engine performance tests at Research 
and Development Centre for Oil & Gas Technology 
“LEMIGAS” laboratory, using a 150 cc, single-cylinder, 
four-stroke motorcycle engine as the test engine that be 
connected to AVL engine dynamometer. All of the 
performance tests were conducted at wide-open throttle 
(WOT) because it was stated in some literature that 
knocking in this condition was most problematic 20). 
The shaft speeds were varied by 1000 RPM, 1500 RPM, 
2000 RPM, and 2500 RPM. We measured the engine 
power and torque output, fuel consumption, and then 
calculate the specific fuel consumption (SFC) for each 
variation of shaft speed.  

To improve the engine performance, we set the 
ignition timing of the spark plug 2o CA more advanced 
(notated with IT +2) and a reduction of fuel injection 
duration by 10%, (notated with FI -10%) of the ECM 
(Haltech Elite 550) compared to its standard conditions.  

3. Results and Discussion
A. Engine Power and Torque 

It has been seen from Figure 2 that by setting the 
ignition timing of 2 oCA and reducing fuel injection 
duration by 10% can increase the engine power 
compared to standard ECM conditions with the use of 88 
E40, 92 E40, and 98 E40 fuels. The increase in engine 
power is greater in the use of fuel with a higher octane 
value, which is 6% (88 E40), 9% (92 E40), and 11% (98 
E40) at 2500 RPM shaft speed.  

(a) 

(b) 

(c) 
Fig. 2: Engine Power with Different RON Fuel on Varied 
Shaft Speed (a) 88 E40, (b) 92 E40 and (c) 98 E0 – E40 
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(a) 

(b) 

(c) 
Fig. 3: Engine Torque with Different RON Fuel on Varied 
Shaft Speed (a) 88 E40, (b) 92 E40 and (c) 98 E0 – E40 

(a) 

(b) 

(c) 
Fig. 4: SFC with Different RON Fuel on Varied Shaft Speed 

(a) 88 E40, (b) 92 E40 and (c) 98 E0 – E40 
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Likewise, the increase in torque is also higher in the 
use of fuel with a higher octane value as illustrated in 
Figure 4, which is 3% (88 E40), 4% (92 E40), and 5% 
(98 E40) at 2000 RPM shaft speed. Thus, by advancing 
the ignition timing of 2 oCA can approach the MBT so 
the energy released from the combustion process will be 
efficiently converted to produce optimal power and 
torque, The higher oxygen content of the fuel to 
influence a good combustion 32). 

B. Specific Fuel Consumption 
Figure 3 shows that setting the ignition timing of 2 

oCA and reducing the fuel injection duration by 10%, in 
general, can reduce the SFC, compared to standard ECM 
conditions with the use of 88 E40, 92 E40, and 98 E40 
fuels. The decrease in SFC is greater in the use of fuel 
with a higher octane value, which is 0.07 kg/kWh (88 
E40), 0.10 kg/kWh (92 E40), and 0.15 kg/kWh (98 E40) 
at 2500 RPM shaft speed. This is related to the energy 
density of 98 E40 fuels which is greater than 92 E40 and 
88 E40, the addition of ethanol results in a decrease in 
calorific value but increases the BSFC31). 

4. Conclusions
From the studies, it can be concluded that engine

performance can be optimized by setting the ignition 
timing of 2 oCA and reducing fuel injection duration by 
10%. This can increase the engine power compared to 
standard ECM conditions, both with the use of fuel 88 
E40, 92 E40, and 98 E40. The increase in engine power 
is greater in the use of fuel with a higher octane value, 
which is 6% (88 E40), 9% (92 E40), and 11% (98 E40) 
at 2500 RPM shaft speed. Likewise, the increase in 
torque is also greater in the use of fuel with a higher 
octane value, which is 3% (88 E40), 4% (92 E40), and 
5% (98 E40) at 2000 RPM shaft speed. Furthermore, this 
setting of ECM can reduce the SFC compared to the 
standard ECM conditions with the use of fuel 88 E40, 92 
E40, and 98 E40. The decrease in SFC is greater in the 
use of fuel with a higher octane value, which is 0.07 
kg/kWh (88 E40), 0.10 kg/kWh (92 E40), and 0.15 
kg/kWh (98 E40) at 2500 RPM shaft speed. 
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