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ABSTRACT

This study aims to analyze the effect of using fuels with different octane ratings (RON 92, RON 95, and RON 98) on the performance of a 206 cc four-stroke gasoline engine with a compression ratio of 12.7:1. The benefits of this study are to provide technical references for vehicle owners, repair shops, and automotive manufacturers in selecting fuel that matches the engine's compression ratio, as well as to raise awareness of the importance of using high-quality fuel to maintain the performance, efficiency, and durability of modern vehicle engines. Testing was conducted using a dyno test method to measure power, torque, and specific fuel consumption (SFC) at various engine speeds. The test data were analyzed using a quantitative descriptive method, comparing engine performance parameters with each type of fuel. The test results showed that high-octane fuel, such as Pertamax Turbo (RON 98), produced the best performance, characterized by maximum power, highest torque, and optimal fuel efficiency. Conversely, the use of low-octane fuel caused knocking, incomplete combustion, and increased the risk of deposit formation and corrosion due to its higher sulfur content. 
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Introduction

Many new production vehicles now use high compression ratios. For example, Yamaha automatic motorcycles, which previously had an average compression ratio of under 10:1, now use a compression ratio of 11.6:1 on their latest automatic model, the Yamaha NMAX. A similar trend is observed on Honda, where the PCX 150 model uses a compression ratio of 10.6:1, which has now been increased to 12:1 on the PCX 160. This compression ratio directly correlates with engine power output. According to  torque increases with an increased compression ratio. This is because increased cylinder pressure causes an increase in the temperature of the fuel-air mixture in the combustion chamber, thus improving the thermal efficiency of the Otto cycle. However, the compression ratio is limited by the material used; a higher compression ratio requires spare parts that can withstand high temperatures and pressures. [9]
Vehicles with high compression ratios have both advantages and disadvantages. One advantage is increased engine torque and power, which optimizes vehicle performance. However, the drawback lies in the need to use fuel with a high RON, which is more expensive than fuel with a low RON. Fuel plays a crucial role in internal combustion engines, with RON (Research Octane Number) being the primary benchmark for determining fuel quality. Several types of fuel are available on the market, each with a different RON rating. For example, Pertamina offers four types of gasoline: Pertalite with RON 88, Pertamax with RON 92, Pertamax Green with RON 95, and Pertamax Turbo with RON 98. The RON (Research Octane Number) of a fuel indicates the maximum pressure the fuel can exert to withstand compression in an engine without detonation. The RON is directly related to the compression ratio. The higher the octane number (RON), the better the fuel can be used in engines with a higher compression ratio. Therefore, it can be concluded that the higher the RON of a fuel, the better the fuel is at resisting detonation. [5]. In fact, many users of high-compression-ratio vehicles choose fuel with a low RON, such as Pertalite (RON 88). This choice is generally based on Pertalite's lower price compared to other fuels. This inappropriate fuel selection will negatively impact engine performance and durability. Using fuel that does not meet engine specifications can potentially lead to decreased efficiency, component damage, and reduced engine lifespan.
This study aims to analyze the effect of fuel octane rating on the performance of high-compression vehicle engines, while also educating the public about the importance of using the appropriate fuel to maintain engine efficiency and reliability.

Previous research conducted by (Sugeng M, Gunawan, Budha Maryanti, 2014) entitled The Effect of Use and Calculation of Premium and Pertamax Fuel Efficiency on the Performance of Gasoline Engines. This study tested the performance of the 2012 Honda Beat 108 cc engine using three types of fuel: Premium, Pertamax, and a mixture of both. Testing was carried out using a Dynotest tool to record torque, power, and specific fuel consumption (BSFC) at various engine speeds. The result, Pertamax provided the best performance with a maximum torque of 116.15 Nm at 2000 rpm and a peak power of 6.6 HP at 4000–4500 rpm. The gasoline mixture produced 99.93 Nm of torque and 6.5 HP of power, while Premium produced 67.53 Nm of torque and 6.4 HP of power. In terms of efficiency, Pertamax also excels with the lowest specific fuel consumption, namely 0.41 kg/kWh, compared to Premium (0.48) and blends (0.53). [12]

(Najamudin & Simanjuntak, 2017) with the title Experimental Test Between Pertamax and Pertalite Fuels on the Effect of Four-Stroke Motorcycle Engine Performance, This study compares the performance of gasoline motorcycle engines with Pertalite and Pertamax fuels through torque, power, and specific fuel consumption (SFC) testing using a 208 cc Kohler engine. The test results show that Pertamax produces higher power and torque than Pertalite, as well as more efficient fuel consumption. Pertamax also produces lower exhaust emissions, especially in HC and CO₂ content, making it more environmentally friendly than fuels with lower RON. [7] 

(Dimas Wiranata & Ansori, 2017) with the title Comparative Study of Engine Performance Using Pertalite Fuel With Premium and Pertamax Mixtures on Various Variations on the New Honda Vario 110 Fi Motorcycle, This study aims to compare the performance of the New Honda Vario 110 FI engine using Pertalite fuel and a mixture of Premium– Pertamax in several ratios, namely 50:50, 35:65, and 25:75. Tests were carried out at an engine speed range of 3500–9000 rpm with the SAE J1349 method. The results showed that a mixture of Premium 50% and Pertamax 50% provided the best performance, with a maximum torque of 1.46 kgf.m at 4000 rpm, optimal power of 8.82 PS at 5500 rpm, the most efficient fuel consumption of 0.025 kg/HP.hour, and the highest average effective pressure of 4.22 kg/cm². High octane ratings in fuel contribute to more complete combustion, increasing energy output and engine efficiency. [2] 

(Maridjo, Ika Yuliyani, Angga R, 2019) with the title The Effect of Premium, Pertalite, and Pertamax Fuel Use on 4-Stroke Motorcycle Performance, This study compares the effect of Premium, Pertalite, and Pertamax Turbo fuel use on the performance of a Yamaha MX 135 cc 4-stroke motorcycle engine. Testing was carried out using a dynotest to measure torque and power at various speeds, as well as a road test to determine fuel consumption. The results showed that the highest maximum torque was obtained from Pertamax Turbo at 11.09 Nm at 5636 rpm, followed by Premium at 10.64 Nm and Pertalite at 10.37 Nm. The highest maximum power was also produced by Pertamax Turbo at 10.3 HP at 8158 rpm. In terms of fuel consumption, Premium was the most efficient at 21.79 ml/km, followed by Pertamax Turbo at 23.08 ml/km, while Pertalite was the most wasteful at 28.85 ml/km. Differences in octane ratings affect combustion results, with higher octane fuels producing better power and efficiency. [5] 

(Riki & Ali, 2020) entitled "The Effect of Octane Rating on Gasoline Engine Performance and Fuel Consumption with Standard and Racing Coil Spark Plugs." This study examined the effect of fuel octane combinations (RON 88, 90, and 92) and ignition system types (standard and racing coil spark plugs) on motorcycle engine performance. Tests were conducted using a dynamometer to measure torque, power, and specific fuel consumption (BSFC). The results showed that the highest power and torque were achieved with the combination of 92 octane and racing coil spark plugs, namely 6.753 kW at 7762.6 rpm and 9.072 Nm. Conversely, the lowest torque and power were achieved with the combination of 88 octane and standard coil spark plugs. Although there were differences in the values ​​for each combination, statistical tests using an Independent T-Test showed that the variation in octane and ignition type did not significantly affect engine performance in the 2500 to 7500 rpm range. [11]

Previous research conducted (Mujib et al., 2020) entitled Experimental Study of Modification of Compression Ratio in 4-Stroke Carburetor Si Engine With Dual-Fuel System Gasoline-Ethanol Vapor, This study discusses the use of a dual fuel system with alternative fuel ethanol E98, which has a very high octane number so it requires a larger compression ratio to prevent knocking. The study was conducted by modifying the engine compression ratio from the standard 9:1 to 10.5:1 and 11.5:1 using the dom piston method, as well as adjusting the ethanol vapor valve opening by 0°, 30°, 60°, and 90°. The main objective is to improve engine performance, especially power and torque, which often decrease in dual fuel systems. The test results show that a compression ratio of 11.5:1 with a valve opening of 60° produces the best performance, namely a maximum power of 9.7 HP at 8500 rpm and a maximum torque of 9.79 N.m at 6000 rpm, proving that the combination of high compression and optimal valve opening is able to increase combustion efficiency and engine output. [6] 

(Junipitoyo & Rifai, 2017) entitled Performance of Ethanol 50 Fueled Gasoline Engine with Compression Ratio and Injection Duration Settings, This study aims to evaluate the performance of a 650 cc 2-cylinder gasoline engine using Ethanol E50 fuel (a mixture of 50% bioethanol and 50% premium) through compression ratio and injection duration settings. Testing was carried out using a waterbrake dynamometer at an engine speed range of 2000–5000 rpm, with compression ratios of 9, 10, and 11, and injection durations of 6.0 ms, 6.6 ms, and 7.2 ms. Ethanol E50, although having a lower calorific value than premium, is proven to be more environmentally friendly with lower hydrocarbon emissions. The test results show that increasing the compression ratio to 11 and setting the injection duration results in a 9% increase in torque and 4.08% in power compared to the E50 standard. In addition, BSFC increased by 2.1% and thermal efficiency also increased by 9.2% compared to the use of pure gasoline at 9.6 compression. [4] 

(Azhar, 2023) with the title The Effect of Changes in the Fuel Intake System and Compression Ratio of a 4-Stroke Single Cylinder Combustion Engine on Torque and Power, This study examines the effect of modifying the fuel intake system from a carburetor to injection as well as changes in the compression ratio on motorcycle engine performance. Injection technology works by spraying fuel electronically to maintain a balanced air-fuel mixture, which affects performance and exhaust emissions. Testing was carried out using a dynotest tool to measure torque and power at compression ratios of 9:1 and 10:1. The results showed that the injection system increased torque by 8.5% at a ratio of 9:1 and 14.8% at a ratio of 10:1 compared to the carburetor system. The increase in power was also significant, namely 15.7% and 18.3% at each compression ratio. [1] 

(Rahmadillah et al., 2024) with the title The Effect of Changes in Squish Head Tilt Angle on Compression and Torque on Motorcycles This study aims to determine the effect of the squish head tilt angle on motorcycle engine torque. The squish head functions to direct the air and fuel mixture to the center of the combustion chamber so that combustion is more focused and efficient, and affects the character of engine power, especially at the initial pull. The method used is a quantitative experiment with torque testing using a dynotest at three squish head tilt angles: 15°, 17°, and 19°. The test results show that the greater the squish head tilt angle, the higher the torque value produced. At an angle of 15° the torque reaches 9.91 N.m, increases to 10.05 N.m at 17°, and reaches 10.22 N.m at an angle of 19°, all measured at an engine speed of 6000 rpm. [10] 

(Eka Saputra & Tullah, 2021) with the title Experimental Study of the Effect of Increasing the Compression Ratio on the Torque of a 4-stroke Single-Cylinder Otto Engine Using 85% Bioethanol Fuel (E85), The use of alternative fuels such as 85% Bioethanol (E85) requires adjustments to engine parameters, one of which is the compression ratio, to maintain performance and reduce torque drops. This study aims to determine the effect of increasing the compression ratio on the torque of a 4-stroke Otto engine when using E85 fuel. Tests were carried out by increasing the compression ratio from the standard 11:1 to 12:1. The results showed that increasing the compression ratio was able to increase torque by 1.08% at 7000 rpm compared to using conventional gasoline, indicating that adjusting the compression ratio can optimize the performance of ethanol-fueled engines. [3] 

Leone et al. (2015) examined the relationship between compression ratio, fuel octane rating, and ethanol content on the efficiency of a spark-ignition internal combustion engine. The results showed that increasing the compression ratio can significantly improve the engine's thermal efficiency, but is limited by the risk of knocking that occurs with low-octane fuels. The addition of ethanol has been shown to increase the octane rating and extend the engine's knock-free operating range, allowing for higher compression ratios and improved combustion efficiency. However, ethanol's lower specific energy content compared to gasoline compromises volumetric fuel consumption. This study also developed an empirical model to predict tank-to-wheel efficiency across various compression ratio and fuel blend scenarios, making it an important reference in engine design and low-emission fuel policy development. [14] 

Similarly, Rodríguez-Fernández et al. (2020) demonstrated that increasing the octane rating of gasoline not only improves peak engine performance but also increases fuel efficiency under partial-load operating conditions common in everyday vehicles. Their study confirmed that high-octane gasoline can reduce fuel consumption and exhaust emissions without requiring major changes to engine design. The integration of these two studies confirms that fuel quality, particularly octane rating, is a key factor in improving energy efficiency and reducing carbon emissions in modern gasoline engines. Therefore, studying the influence of fuel characteristics on engine performance and efficiency is highly relevant to support the development of cleaner and more sustainable combustion systems. [15] 

Splitter and Szybist (2014) reported that using high-octane bioethanol fuel in conjunction with an optimized EGR system can extend engine operating limits by reducing knock potential and increasing thermal efficiency. The combination of high-octane fuel and moderate EGR control can improve the performance and efficiency of spark-ignition engines without causing premature detonation. [16] 

Stradling et al. (2016) reported that increasing the octane number of fuel can improve engine efficiency and reduce CO and HC emissions in Euro-4 vehicles, although CO₂ emissions showed a slight increase due to changes in the air-fuel ratio. A high-octane fuel extends the engine's operating limits and improves vehicle performance without requiring major modifications to the combustion system. [17] 

Ling et al. (2024) examined the effect of octane rating (RON and MON) on combustion performance and knock limits in a turbocharged gasoline engine. The results showed that higher octane consistently increased knock resistance and improved thermal efficiency at knock limit conditions [18].

Rodríguez-Fernández et al. (2020) conducted dyno experiments using gasoline with octane ratings of 95, 98, and 100 RON. They found that increasing octane increased power, reduced specific fuel consumption (SFC), and allowed for more aggressive boost and ignition timing without detecting knocking. [19] 

Szybist et al. (2017) examined how operating pressure and temperature affect fuels with different octane sensitivities (the difference between RON and MON) at high loads in a spark-ignition engine. They showed that octane sensitivity becomes particularly important under extreme operating conditions and affects knock limits and engine efficiency. [20] 

(Jehlik et al., 2015) positioned fuel octane as a practical variable that can be “exploited” by modern engine calibration to improve the apparent efficiency of vehicles. This SAE study, based on dyno/vehicle testing and calibration modeling, demonstrated: (1) higher octane fuels allow for more advanced ignition timing and/or increased boost pressure, resulting in increased power and torque without knock; (2) the greatest efficiency benefits are seen in vehicles/engines that can be calibrated (not just passive fuel swaps on stock engines); (3) in real vehicle packages, increased RON shows benefits in acceleration and specific fuel consumption (BSFC) in the mid-high load range; and (4) the aggregate effect depends on the powertrain’s ability to utilize octane (e.g., effective compression, turbo control, knock control). [21] 

(West et al., ORNL/NREL summary, 2016) summarizes a series of simulation and experimental studies (engine + vehicle) that evaluated the benefits of switching to high-octane, mid-level ethanol blends (e.g., E20–E40). The report's key findings: (1) ethanol content increases the fuel's effective RON, allowing for increased compression ratios, ignition timing, or increased boost pressure, ultimately improving thermal efficiency and fuel economy at the vehicle level; (2) fleet simulations demonstrate the potential for fuel consumption and GHG reductions when vehicles and calibrations are designed to utilize higher octane—the greatest benefits occur in modified vehicles (dedicated HOFs) rather than simply swapping fuels in engines calibrated for lower octane. [22] 

The main issue raised in this study is the mismatch between fuel use and the characteristics of high-compression engines.
Field observations indicate that many users of modern vehicles with high-compression ratio engines still use fuel with low RON (such as Pertalite RON 88) due to its lower cost.
The result:
• Knocking (premature detonation) occurs, which reduces combustion efficiency.
• Damage to engine components due to deposits and corrosion in the combustion chamber.
• Decreased thermal efficiency and engine performance (power and torque).
• Shortened engine life.
This issue illustrates the gap between fuel user behavior and engine technical specifications, which impacts vehicle performance and national energy consumption.

The urgency of this research lies in:
• Technical aspects: High-compression engines require high-octane fuel for optimal combustion and the prevention of knocking. However, public understanding of this is still low.
• Energy efficiency aspects: Using the right fuel can improve combustion efficiency, resulting in more efficient fuel consumption and less wasted energy.
• Sustainability aspects: Selecting the right fuel can improve engine durability and potentially lower exhaust emissions, supporting the principles of green energy.
• Educational aspects: This research provides empirical education for the public and automotive industry about the importance of matching fuel RON (Resistance Rating) and engine compression ratio to support engine performance and longevity.
Therefore, this research is important not only for academics and the automotive industry, but also for the general public as motor vehicle users.

The novelty of this research can be explained from several perspectives:
1. Test Object and Compression Ratio:
This research used a 206 cc 4-stroke gasoline engine with a high compression ratio of 12.7:1, which is rarely used in similar research in Indonesia (most previous studies used ratios <11:1).
2. Direct Comparison between Three Types of Pertamina Commercial Fuels (RON 92, 95, 98):
This study compared Pertamax, Pertamax Green, and Pertamax Turbo under controlled test conditions using a dyno test, producing empirical data that can be directly applied to modern engines.
3. Actual Thermal Efficiency Analysis Approach:
The research calculated actual thermal efficiency based on output power and specific fuel consumption (SBF), providing deeper insight into the conversion of fuel energy into mechanical power.
4. Educational Focus on Selecting the Right Fuel for High-Compression Engines:
This research is not only experimental in nature but also aims to provide practical recommendations for modern vehicle users to understand the impact of using inappropriate fuels.



Research Methods

The data collection method used comparative test results between Pertamax, Pertamax Green, and Pertamax Turbo using a 206 cc engine. Vehicle performance test data was collected twice.
The tests were conducted to determine the significant differences in performance between vehicles using Pertamax, Pertamax Green, and Pertamax Turbo. The vehicle performance tests measured torque, power, and kbbs at specific rpm.

The data collection method used comparative test results between Pertamax, Pertamax Green, and Pertamax Turbo using a 206cc engine. Vehicle performance test data was collected twice.
The tests were conducted to determine the significant differences in vehicle performance between those using Pertamax, Pertamax Green, and Pertamax Turbo. In the vehicle performance tests, torque, power, and kbbs were measured at specific rpm.

Research Method: The data obtained from the engine performance tests for power, torque, and exhaust emissions were then presented for analysis in a graph. The data obtained were used to determine the effect of fuel variations on engine performance and fuel consumption. The independent variables in this study were Pertamax, Pertamax Green, and Pertamax Turbo.
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				Figure: Research Flowchart

Research Variables

1. Independent Variable
	This variable is called the influencing variable because it influences other variables. The independent variables in this study are Pertamax, Pertamax Green, and Pertamax Turbo.

2. Dependent Variable
	This variable is influenced by other variables, therefore it is also called the influenced variable or the affected variable. The dependent variables are power, torque, and fuel consumption.

3. Control Variable
	a. Using a four-stroke gasoline engine.
	b. The compression ratio of the engine is 12.7:1.
	c. The engine speed is between 5,500 rpm and 10,000 rpm.



Research Time and Location
	This research will be conducted on March 10, 2025. The power, torque, and KBBS testing will be conducted in the Thermodynamics Lab of Mechanical Engineering, Muhammadiyah University of Surakarta.

Results and Discussion

      	
Power Test Results
Power testing on an engine with a compression ratio of 12.7:1 using several types of fuel: RON 92, RON 95, and RON 98. The test used a dyno test method and yielded the following results:

	RPM
	RON 92
	RON 95
	RON 98

	5500
	10,55
	11,85
	11,55

	6000
	14,7
	14,65
	15,7

	6500
	16,25
	16,9
	17,55

	7000
	17,35
	18,25
	18,75

	7500
	18,45
	19,1
	19,85

	8000
	19,4
	19,95
	20,6

	8500
	20,3
	21,1
	21,7

	9000
	21,55
	22,45
	23,1

	9500
	22,1
	23,45
	24,2

	10000
	22,35
	23,95
	24,45


  Power data table per engine revolution of the three fuels

Torque Test Results
In addition to power testing, torque testing was also conducted using a dyno test method, yielding the following results:

	RPM
	RON 92
	RON 95
	RON 98

	5500
	13,42
	15,045
	14,635

	6000
	17,165
	17,765
	18,415

	6500
	17,52
	18,23
	18,905

	7000
	17,425
	18,28
	18,76

	7500
	17,305
	17,85
	18,58

	8000
	17,01
	17,52
	18,085

	8500
	16,71
	17,44
	17,91

	9000
	16,72
	17,485
	17,995

	9500
	16,315
	17,32
	17,855

	10000
	15,695
	16,83
	17,18


			Torque data table against engine speed of the three fuels








Specific Fuel Consumption Calculation
Specific fuel consumption (SFC) is the amount of fuel used to produce power in an engine. From the KBBS test that I have conducted, the results data are as in the following table: 

	bahan bakar
	Waktu (S)
	jumlah bahan bakar (ML)
	Daya (HP)

	RON 92
	5,3
	14,5
	22

	RON 95
	5,08
	12
	24,3

	RON 98
	5,16
	11
	24,9


				Specific fuel consumption data table
                    
And after carrying out calculations based on the formula above, the results were as follows: 

	rpm
	KBBS RON 92
	KBBS RON 95
	KBBS RON 98

	5500
	0,639324727
	0,495504991
	0,454325581

	6000
	0,502641509
	0,431021465
	0,344186047

	6500
	0,452689558
	0,359595051
	0,308645096

	7000
	0,426216485
	0,33295838
	0,28538039

	7500
	0,398267863
	0,319437228
	0,271725826

	8000
	0,371852137
	0,308476146
	0,262919897

	8500
	0,35902965
	0,292693646
	0,251286273

	9000
	0,337421384
	0,274799711
	0,238616377

	9500
	0,334325775
	0,264408125
	0,229921853

	10000
	0,331286449
	0,258967629
	0,228075091


				Data table of specific fuel consumption calculation results

The specific fuel consumption (KBBS) of the three types used obtained different values, the higher the engine speed, the lower the specific fuel consumption value obtained.

Power Analysis Test Result Data
From the test results using 3 types of fuel with different RON, the following power graph results were obtained.
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Power Graph Image Against Engine Speed ​​Of The Three Fuels

From the graph of the dyno test results on an engine with a compression ratio of 12.7: 1, it shows that RON 98 produces the highest power of 24.45 HP, followed by RON 95 with 23.95 HP, and RON 92 with the lowest power of 22.35 HP, all of these peak powers are obtained at an engine speed of 10,000 rpm. This difference is greatly influenced by the octane value (RON) of each fuel. Thermodynamically, engine efficiency can be explained through thermal efficiency, especially in the ideal Otto cycle which represents the characteristics of a gasoline engine. However, in reality, the actual thermal efficiency of an engine is always lower than ideal efficiency due to mechanical losses (such as friction between the piston and other moving components), thermal losses (heat lost to the cylinder walls and cooling system), and incomplete combustion. To minimize these losses and approach ideal efficiency, the engine requires optimal ignition timing, namely near the MBT (Minimum Advance for Best Torque) point, where peak combustion pressure occurs just as the piston begins its downward movement. However, in engines with high compression ratios, the pressure and temperature in the combustion chamber are very high, so low-RON fuels tend to experience premature combustion (knocking), which forces the ignition system to operate suboptimally (retarded timing). Under these conditions, the use of high-octane fuel is crucial because it is resistant to auto-ignition, allowing combustion to occur at ideal timing. With proper ignition timing and more stable combustion, the heat energy from combustion can be maximally converted into mechanical work. This is what allows high-compression engines, such as those with a 12.7:1 ratio, to operate more thermally efficiently when using high-octane fuel.
Fuel with a high RON rating, such as RON 98, has the ability to withstand high pressures and temperatures in the combustion chamber during the compression process without experiencing premature combustion (autoignition) or knocking. This characteristic is especially important in engines with high compression ratios, such as 12.7:1, where the air-fuel mixture is compressed to much greater pressure than in engines with low compression ratios. This compression process causes the temperature in the combustion chamber to increase significantly even before the spark plug ignites. The use of 98 octane fuel allows combustion to occur at the right time, according to the ignition system settings. In addition to its high octane rating, this fuel is equipped with Ignition Boost Formula (IBF), an additive developed by Pertamina, which functions to increase the speed and stability of combustion, so that peak pressure is achieved more efficiently and timely. With more stable combustion, the pressure of the combustion gas is more optimal, pushing the piston to the maximum and increasing engine power. Thermodynamically, the power produced by an engine is related to the pressure and temperature of the combustion products that push the piston. RON 95 is capable of producing quite high power because it has an octane number that is still relatively high, although slightly lower than RON 98. The high octane number allows this fuel to be used in engines with a high compression ratio (12.7: 1) without experiencing knocking symptoms. One of the advantages of RON 95 fuel is the bioethanol content, which naturally has a high octane number, faster ethanol combustion because it has a simple chemical structure (C2H5OH) and contains oxygen in its molecules. This additional oxygen content increases combustion efficiency, accelerates the combustion reaction, and supports more complete combustion. RON 92 has the lowest octane rating and a higher sulfur content than RON 95 and RON 98, making it less suitable for high-compression engines such as 12.7:1. The low octane rating increases the risk of premature combustion (knocking), while burning sulfur produces SO₂ and SO₃, which form sulfuric acid (H₂SO₄) when reacting with water vapor. At high temperatures and pressures, this acid accelerates corrosion of valves, piston rings, and cylinder walls, and triggers the buildup of deposits in the combustion chamber. This combination of damage and deposits causes compression leaks, incomplete combustion, and reduced thermal efficiency, which directly impacts engine power. 
[image: ]

Image of Combustion Chamber Before and After Testing








Torque analysis of testing using 3 types of fuel with different RON results in the following torque graph: 
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Torque Figure Against Engine Speed ​​From Three Fuels
Dyno testing results showed that RON 98 fuel produced the highest torque, reaching approximately 18,905 Nm at 6,500 rpm, followed by RON 95 and RON 92 fuels. This higher torque is in line with the octane rating and combustion quality of each fuel. RON 98 fuel is supported by Ignition Boost Formula (IBF) technology, which helps accelerate and stabilize combustion, and its high octane rating allows the combustion gas pressure to push the piston more effectively and produce greater torque, reaching 18,905 Nm at 6,500 rpm. RON 95 fuel remains competitive with 18.28 Nm of torque at 7,000 rpm thanks to the bioethanol content that enriches the oxygen in the mixture, but torque is slightly lower due to the lower calorific value of bioethanol. Meanwhile, RON 92 fuel produces the lowest torque, namely 17.52 Nm at 6500 rpm engine speed, this is due to the low octane value and higher sulfur content, which reduces combustion efficiency and effective pressure on the piston which causes the twisting force (torque) to be low.
From the results of tests that have been carried out using fuel with different RON and calculations, the following specific fuel consumption graph was obtained. 
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KBBS Graph Image Per Rpm Of The Three Fuels
Test results showed that RON 98 fuel had the lowest specific fuel consumption (SFC) across the entire engine speed range, followed by RON 95 and RON 92. The SFC reflects the efficiency of fuel utilization relative to power output. The lower the SFC, the higher the engine's thermal efficiency, as more combustion energy is converted into mechanical power. Pertamax Turbo recorded the lowest SFC of 0.228075091 kg/hp.h at 10,000 rpm, supported by its high octane rating and Ignition Boost Formula (IBF) technology, which increases combustion speed and stability.
 RON 95 fuel also demonstrated good efficiency with a SFC of 0.258967629 kg/hp.h, thanks to its bioethanol content, which enriches the oxygen mixture and accelerates combustion. Conversely, RON 92 had the highest SFC of 0.331286449 kg/hp.h due to incomplete combustion, potential knocking, and high sulfur content, which accelerates deposit formation and corrosion. Deposits and corrosion reduce thermal efficiency by disrupting the shape of the combustion chamber, increasing compression leaks, and increasing friction, resulting in wasted energy and increased fuel consumption. 
Fuel Consumption and Power
	bahan bakar
	Waktu (s)
	jumlah bahan bakar (ml)
	hp
	watt

	RON 92
	5,3
	14,5
	22,35
	16.666,39

	RON 95
	5,08
	12
	23,95
	17.859,51

	RON 98
	5,16
	11,5
	24,45
	18.232,36

	
	
	
	
	


Fuel Consumption and Power Table
The actual thermal efficiency calculations show that engine efficiency is significantly influenced by high output power and low specific fuel consumption. The higher the power and the lower the specific fuel consumption, the more optimal the conversion of fuel energy into mechanical power, resulting in higher engine thermal efficiency.

Conclusion

Based on data analysis and discussion of test results, the following conclusions can be drawn:

In high-compression engines, the higher the octane rating of the fuel used, the better the engine performance. This is evident in the use of RON 98, which produces the highest power output of 24.45 hp and peak torque of 18,905 Nm in an engine with a compression ratio of 12.7:1. Conversely, the use of RON 92 actually shows the lowest performance because it cannot withstand the high pressure and temperature in the combustion chamber, thus risking knocking and incomplete combustion. Power and torque are greatly influenced by fuel quality. RON 98 provides the most optimal results because it has high resistance to pressure so it does not cause knocking and is also equipped with Ignition Boost Formula (IBF) which helps combustion faster and more stable. RON 95 also shows quite good results thanks to the bioethanol content that enriches oxygen and accelerates combustion. Meanwhile, RON 92 has the lowest performance because it is prone to knocking and contains high sulfur which can damage and cause deposit buildup on engine components which will cause losses to the engine. Using fuel with a high sulfur content and low RON in a high-compression engine can cause engine knocking, accelerate deposits and corrosion in the combustion chamber, and result in compression leaks. This disrupts the combustion process, making combustion inefficient, reducing effective pressure, and increasing friction, resulting in significant energy losses and reduced engine performance.
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