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 The reliance on fossil fuels as the primary fuel for vehicles poses a significant challenge 

in the automotive industry due to the dwindling supplies. Renewable fuels present a 

viable alternative to address this issue, with ethanol being a notable option as a gasoline 

additive. Derived from plants, ethanol offers promising prospects for energy 

sustainability. Its high octane value enhances combustion efficiency, potentially yielding 

optimal engine power. This research explores the impact of gasoline-ethanol mixtures 

and engine speed on power and specific fuel consumption in direct injection engines. 

The study involved testing the power output of an electric generator powered by a 

single-cylinder direct injection engine and measuring fuel consumption during 

operation. Findings indicate that E10 delivers the best performance at low and medium 

speeds, achieving maximum power outputs of 0.119 kW and 0.490 kW, respectively. 

Conversely, E5 excels at high speeds, producing a power output of 0.644 kW. Regarding 

fuel efficiency, E15 exhibits the lowest specific fuel consumption (SFC) at low speed 

(3.83 L/kWh), E10 at medium speed (0.96 L/kWh), and E5 at high speed (0.77 L/kWh). 

In contrast, E20 demonstrates the lowest efficiency across all engine speeds. These 

findings can inform the design of direct injection engines utilizing fuel blends of 

gasoline, ethanol, and diesel. This research provides valuable insights into optimizing 

engine performance and fuel efficiency with renewable fuel mixtures, offering a 

sustainable solution for the future of the automotive industry. 
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1. INTRODUCTION 

Problems and energy sustainability are increasingly 

pressing. This requires the automotive industry to look for 

cleaner and more efficient fuel alternatives. The use of 

fossil fuels as the main fuel for motor vehicles has a 

number of disadvantages, including a significant 

contribution to high fuel consumption and power output as 

well as limited supply [1]. In this context, ethanol emerges 

as an attractive alternative fuel due to its renewable nature 

and potential to increase engine efficiency [2]. 

The research shows that mixing ethanol with gasoline can 

affect engine performance, including power output and 

specific fuel consumption (SFC) [3]. Ethanol has a higher-

octane number than gasoline, which allows for increased 

combustion efficiency and reduced engine knock [4]. 

Additionally, the better cooling properties of ethanol can 

help reduce combustion temperatures and improve engine 

thermal efficiency [5]. 

Direct injection engines have become standard technology 

in modern vehicles, offering the advantage of more 

precise fuel injection control, thereby optimizing 

combustion [6]. In a direct injection engine, fuel is 

sprayed directly into the combustion chamber at high 

pressure, allowing better control of combustion and 

increased fuel efficiency [7]. However, adapting these 

engines to different fuel mixtures requires a deep 

understanding of the interaction between the physical and 

chemical characteristics of the fuel and the engine's 

operational parameters [8]. 

In the research of Irawan et al. found that the use of 

ethanol as fuel can increase engine power and reduce SFC 

at certain loads [9]. Various studies in the last decade have 

explored the effects of gasoline and ethanol blends on 

engine power and specific fuel consumption. As 

Mohammed et al. who in his research stated that the use of 

an ethanol-gasoline mixture can increase thermal 

efficiency and produce higher power in direct injection 

engines [10]. The study by Tibaquirá et al. also revealed 

that the addition of ethanol in gasoline can reduce SFC 

and increase power output under various operating 

conditions [11]. 

Abikusna et al. stated that the use of bioethanol with low 

distillation as a fuel mixture in gasoline engines can 

increase engine power. This research shows that even low-

quality bioethanol can provide significant results in 

improving engine performance [12]. In his research, 

Damanik et al. revealed that the biodiesel blends in diesel 

engine can increase engine power compared. The results 

of this research indicate that alternative fuel mixtures can 

increase overall engine efficiency [13]. Jamrozik et al. 

also researched the effect of diesel-biodiesel-ethanol 

blends to performance of direct injection diesel engine. 

His research found that ethanol mixtures at different levels 

can significantly influence engine power and SFC  [14]. 
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Li et al. in his research, he examined various factors that 

influence combustion, emissions and performance in high-

pressure direct injection engines using natural gas fuel. 

Although the main focus of this research is on natural gas 

fuel, the power and efficiency improvement mechanisms 

discovered can be applied to the use of bioethanol [15]. 

Shylesh et al. analyzing biomass to increase the octane 

number of renewable fuels, which is important for 

increasing engine performance with alternative fuel 

mixtures [16]. 

Research by Nisak et al. found that ethanol-biodiesel 

mixtures in diesel engines provide increases in engine 

power and fuel efficiency. These findings are relevant and 

can be applied to direct injection engines to understand the 

impact of using ethanol blends [17]. Further research by 

Altarazi et al. studied biofuel for alternative fuel and 

found that biofuel can increase engine power and optimize 

fuel consumption. This research confirms that biofuel can 

be an effective alternative in improving engine 

performance [18]. 

Kalghatgi in his research analyzed about fuel/engine 

systems to sustainaible transport. This shows the great 

potential of using mixed fuels to improve engine 

performance and fuel efficiency [19]. Ors also reviews 

bioethanol as an alternative fuel for diesel engines, 

highlighting various aspects of engine performance and 

fuel efficiency. This research supports the use of 

bioethanol as a solution to increase performance and 

efficiency [20].  

Sitorus et al. state that the bioethanol mixture in the otto 

engine can improve performance and combustion 

efficiency by reducing specific fuel consumption and 

engine power [21]. Research by Julianto et al. also shows 

that a mixture of bioethanol and gasoline can improve the 

performance of Otto motorbikes, supporting the use of 

ethanol as an effective fuel mixture [22]. 

Another study by Ismail et al. found that ethanol can 

improve combustion efficiency in turbocharged gasoline 

engines, resulting in a significant increase in power and 

reduction in SFC [23]. However, challenges remain. 

Differences in vaporization properties and energy content 

between gasoline and ethanol can affect combustion 

characteristics and overall engine performance [24]. Other 

relevant research was conducted about developing 

numerical methods to predict heat transfer and the effects 

of material properties on temperature differences during 

conduction heat transfer. This method can be applied in 

the context of fuel temperature optimization to improve 

engine performance [25]. 

Further research is needed to determine the optimal ratio 

of ethanol and gasoline mixture that can provide the best 

balance between increased engine performance and fuel 

efficiency. This research topic is particularly relevant in 

the current scientific context due to increasing pressure 

from global fuel efficiency regulations and the need for 

more sustainable energy sources. This study aims to fill 

the gap in the existing literature by providing 

comprehensive experimental data on the effects of various 

ethanol-gasoline blend ratios on direct injection engines. It 

is hoped that the results of this research will provide 

useful insights for the development of more efficient and 

environmentally friendly engine technology, as well as 

supporting the implementation of ethanol blended fuels on 

a wider scale. 

 

1.1 Ethanol 

Ethanol is an ethyl alcohol compound with the chemical 

formula C 2 H 5 OH which is obtained from the 

fermentation and distillation process of food containing 

carbohydrates such as; corn, sugar cane, wheat, etc [26]. 

The physical properties of ethanol are colorless, volatile 

and flammable. Therefore, ethanol is very suitable for use 

as fuel [27]. Ethanol is one type of fuel that has the most 

potential to be developed as an alternative fuel for 

vehicles, especially in gasoline engines. This is because 

ethanol has almost the same physical properties and 

combustion properties as gasoline [28]. 

 

1.2 Gasoline 

Gasoline is a fossil fuel that is widely used in internal 

combustion engines. Gasoline is a liquid mixture in the 

form of hydrocarbon compounds consisting of paraffin, 

naphthalene and aromatic compounds derived from 

petroleum. [29]. This liquid is used as fuel for motor 

vehicles because it has a relatively low boiling point, 

making it easier to evaporate and burn. The quality of 

gasoline is determined by the octane index which shows 

the gasoline's ability to prevent knocking in the engine 

[30]. 

 

1.3 Engine Power 

Engine power is one of the main indicators of engine 

performance. Power is produced from the process of 

burning fuel in the engine cylinder which produces 

mechanical power [31]. Engine power is the amount of 

engine performance over a certain period of time [32]. In 

combustion engines, shaft power is useful for moving 

loads generated by indicator power. Indicator power is the 

power obtained from the combustion gas which moves the 

piston to move all mechanisms [33]. The performance of a 

combustion engine depends on the power it can produce. 

The higher the motor rotation frequency, the higher the 

power it will produce. This is due to the large frequency 

so that there are more work steps in the same time period 

[34]. 

 

1.4 Specific Fuel Consumption 

Specific Fuel Consumption is a parameter used in 

evaluating the fuel efficiency of internal combustion 

engines [35]. SFC is the amount of fuel needed to produce 

a certain power over a certain period of time, expressed in 

liters per kilowatt hour (L/kWh) [36]. SFC is determined 

by equation 1: 

𝑆𝐹𝐶 =  
𝐹𝐶

𝑃
    (1) 

Where, SFC: specific fuel consumption (L/kWh), FC: fuel 

consumption (L/hour), P: engine power (kW). 

In determining fuel consumption, the equation 2. 

𝐹𝐶 =  
𝑉𝑖𝑛−𝑉𝑜𝑢𝑡

𝑡
    (2) 
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Where, Vin: inlet fuel volume (L), Vout: volume of fuel 

out (L), t : fuel consumed time (hours). 

This research focuses on variations in gasoline-ethanol 

mixtures and their effects on power and specific fuel 

consumption. This is purposeful to determine the optimal 

ethanol-gasoline mixture ratio for direct injection system 

engines, which can increase power without sacrificing fuel 

efficiency. 

 

2. RESEARCH SIGNIFICANCE 

This research has very important significance in various 

aspects. The use of ethanol as a mixed fuel is an effort to 

reduce dependence on the use of fossil fuels. The use of 

ethanol can also increase sustainability and energy 

security. This research aims to find the optimal mixture 

that can increase engine power without sacrificing fuel 

efficiency, considering that ethanol has a lower energy 

content per volume than gasoline. An in-depth 

understanding of the effect of gasoline-ethanol blends on 

specific fuel consumption (SFC) will help reduce fuel 

consumption and vehicle operating costs. Empirical data 

regarding power and fuel consumption of various blends 

will be important evidence in supporting regulation of the 

use of alternative fuels. 

 

3. RESEARCH METHODS 

3.1 Materials  

The materials used in this research were gasoline with 

RON90, 99% ethanol and the addition of diesel to help 

reduce pressure at the fuel pump. 

 

3.2 Experimental Setup  

This research involved a series of systematic experimental 

procedures to evaluate the effect of gasoline and ethanol 

mixtures on power and specific fuel consumption (SFC) in 

engines with direct injection systems. Before the test is 

carried out, the fuel to be used is prepared. The mixture of 

gasoline with RON90, ethanol 99% and diesel is varied at 

E5 (ethanol 5%, gasoline 89% and diesel 6%), E10 

(ethanol 10%, gasoline 84% and diesel 6%), E15 (ethanol 

15%, gasoline 79 % and diesel 6%) and E20 (ethanol 

20%, gasoline 74% and diesel 6%). Each mixture was 

homogenized by mechanical stirring to ensure even 

distribution of ethanol. Next, the test machine, namely a 

single- cylinder direct injection engine connected to a 

generator, is prepared. The generator is connected to the 

lamp as a load. The experimental setup of this research is 

shown as in Fig. 1. 

 
Fig. 1 Experimental Setup  

Whereas: 1. Load 2. Ampere Meter 3. Volt Meter 4. 

Generator 5. Direct Injection Engine 6. Tachometer 7. 

Burette 8. Stopwatch 9. High Pressure Pump 10. Injector 

11. Return Pipe 12. Measuring Cup 

Tests are carried out by operating the engine at various 

load and speed conditions, and data is collected for each 

test condition and each fuel mixture. Each test was 

repeated at least three times to ensure repeatability and 

reliability of the results. The data obtained is analyzed to 

calculate the specific fuel consumption (SFC) using the 

relevant formula, and the engine performance is analyzed 

to evaluate the power and fuel consumption of the 

specified fuel mixture. 

 

4. RESULTS AND DISCUSSION 

After testing various gasoline-ethanol mixtures, the power 

produced by the generator was measured. The data 

obtained are shown in Table. 1. 

Table. 1 Power Test Results Data (kW) 

Fuel 
Engine Speed (rpm) 

1300 1600 1900 

E5 0.078 0.346 0.628 

0.137 0.306 0.663 

0.092 0.325 0.640 

E10 0.092 0.518 0.611 

0.114 0.460 0.677 

0.150 0.491 0.612 

E15 0.069 0.361 0.653 

0.085 0.425 0.666 

0.105 0.319 0.554 

E20 0.082 0.329 0.615 

0.118 0.423 0.532 

0.069 0.372 0.577 

The results of this research show that the power 

produced by fuel can be influenced by the type of fuel and 

engine speed. Fuel with a higher ethanol content tends to 
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provide higher power at certain engine speeds. This may 

be due to the different combustion characteristics of fuels 

with higher ethanol content. In addition, engine speed also 

affects the power produced, with some combinations of 

fuel and engine speed showing higher power than others. 

 
Fig. 2 Correlation of Engine Speed and Power 

Fig. 2 shows that E10 fuel produces the highest power at 

1300 rpm and 1600 rpm. This shows that this mixture 

produces more optimal performance under these 

conditions compared to other mixtures. However, at 1900 

rpm, the power produced by the E10 is slightly lower than 

the E5. E5 fuel produces the highest power at 1900 rpm, 

but its performance is lower at lower engine speeds (1300 

rpm and 1600 rpm). 

E15 and E20 fuels generally produce lower power 

compared to E5 and E10 at all engine speeds. The 

reduction in power is clearly visible on the E15 and E20 at 

1300 rpm and 1600 rpm. This suggests that higher ethanol 

content may affect combustion efficiency, especially at 

low engine speeds. 

These results indicate that the selection of a mixture of 

gasoline and ethanol must consider the engine operating 

conditions, especially the most commonly used engine 

speeds. The E10 blend offers better performance at low 

and medium revs, while E5 is superior at high revs. The 

SFC data obtained is shown in Table.2. 

Table. 2 SFC Test Results Data (L/kWh) 

Fuel 
Engine Speed (rpm) 

1300 1600 1900 

E5 5,055 1,179 0.777 

2,543 1,248 0.710 

4,143 1,205 0.828 

E10 5,118 0,931 1,182 

3,774 0,974 1,287 

2,780 0,978 1,329 

E15 4,970 1,278 0,751 

3,755 1,055 0,762 

2,751 1,556 0,844 

E20 4,736 1,521 1,221 

3,231 1,276 1,588 

5,996 1,468 1,317 

Table. 2 shows that fuel with a higher ethanol content 

tends to have a lower SFC at certain engine speeds. This 

may be due to the different combustion characteristics of 

fuels with higher ethanol content. Additionally, engine 

speed also affects SFC, with some combinations of fuel 

and engine speed showing lower SFC than others . 

 
Fig. 3 Correlation of Engine Speed and SFC 

Fig. 3 shows that at 1300 rpm, E15 fuel shows the lowest 

SFC, namely 3.83 L/kWh. Meanwhile, E20 has the 

highest SFC of 4.65 L/kWh. At 1600 rpm, E10 fuel is the 

most efficient with the lowest SFC of 0.96 L/kWh, and 

E20 again shows the lowest efficiency with an SFC of 

1.42 L/kWh. E5 fuel shows the highest fuel efficiency at 

1900 rpm with the lowest SFC of 0.77 L/kWh, while E20 

still has the lowest efficiency with the highest SFC of 1.38 

L/kWh. 

1 5 fuel has the lowest SFC, but at medium and high revs 

the required fuel consumption increases. E10 fuel has the 

lowest SFC at medium revs, but fuel consumption at low 

and high revs is slightly higher than E5 and E15. The use 

of E5 fuel produces the lowest SFC at high revs so that E5 

fuel is more suitable for operational conditions with high 

engine revs. Meanwhile, E20 fuel tends to have the 

highest SFC at all engine speeds. This shows that ethanol 

content higher than 10% tends to have higher fuel 

consumption. 

The lower temperature of ethanol compared to gasoline 

causes the compression temperature in the combustion 

chamber to decrease, so that fuel requirements in the 

combustion process increase slightly. These results 

indicate that to reduce fuel consumption, the mixture of 

gasoline and ethanol must be adjusted to the engine's 

operational conditions. In addition, the energy in ethanol 

is lower than gasoline resulting in a decrease in energy in 

gasoline-ethanol mixtures with a high percentage of 

ethanol. This decrease in energy has an impact on the 

power produced and the need for more fuel to produce 

maximum power. 

The constraints of this study encompass several 

elements. Initially, the investigation employs a single-

cylinder diesel engine that has undergone compression 

pressure modification to operate as a gasoline engine with 

a direct injection system. Subsequently, the testing 

concentrates on the specific power and fuel consumption 

of a single-cylinder direct injection engine. Additionally, 

the fuel variation includes mixtures of gasoline and 
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ethanol with compositions of E5 (89% Gasoline, 5% 

Ethanol, and 6% Diesel), E10 (84% Gasoline, 10% 

Ethanol, and 6% Diesel), E15 (79% Gasoline, 15% 

Ethanol, and 6% Diesel), and E20 (74% Gasoline, 20% 

Ethanol, and 6% Diesel). Moreover, the experiments were 

conducted at engine speeds of 1300 rpm, 1600 rpm, and 

1900 rpm. Lastly, the ethanol content in the mixture is 

99%, and the gasoline used has a Research Octane 

Number (RON) of 90. 

5. CONCLUSION 

The results of this research indicate that the use of E10 

fuel offers the best balance between engine power and fuel 

consumption at medium engine speeds. Meanwhile, E5 

fuel is recommended for operational conditions with high 

engine speeds, and E15 fuel can be used for low speeds. 

E20 fuel produces low power and the highest SFC at 

various engine speeds. This shows that adding too much 

ethanol to the fuel mixture reduces engine performance. 

Based on these results, E10 fuel is recommended for 

vehicle applications that operate at various engine speed 

conditions. 
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