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Abstract 

The increasing number of motor vehicles has led to higher fuel consumption, especially among two-

wheeled vehicles, contributing to elevated emissions of hydrocarbon (HC) and carbon monoxide 

(CO). This study investigates the potential of lemongrass oil (LO) as natural additive to reduce 

exhaust emissions from RON 92 fuel. The LO was extracted via maceration and characterized by its 

physical properties, including density (0.893 g/mL), viscosity (5.30 mPa.s), and boiling point (222 

°C), consistent with pure LO standards. The additive as then blended into RON 92 fuel in 0.99%, 

1.47%, and 1.96% to determine its optimal performance. Results showed that a 1.96% of LO addition 

yielded the highest reduction in HC, CO, and CO2 emissions, respectively 49.73%, 49.23%, and 

31.91%. Furthermore, engine performance improved, with power increasing by 0.27 HP and torque 

by 0.21 Nm within an engine speed range of 5200-5700 rpm. These outcomes suggest that LO 

enhances combustion efficiency and reduces emissions. The findings highlight the potential of LO as 

an environmentally friendly fuel additive and support ongoing efforts to develop sustainable 

alternatives to conventional fossil fuels in Indonesia. 
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INTRODUCTION  
Fossil fuel consumption has been greatly accelerated by the high degree of public 

mobility and the growing number of motor vehicles [1]. Exhaust gas emissions including 

carbon monoxide (CO) and hydrocarbons (HC), which are harmful to the environment and 

human health, are largely caused by the increasing number of vehicles, especially two-

wheelers [2]. An extensively used tactic to lessen the harmful impacts of vehicle exhaust 

emissions is the use of gasoline additives. Changing the fuel's chemical qualities, 

especially its research octane number (RON), and improving its physical attributes are 

the main goals of adding these additives. The goal of this strategy is to enable more 

thorough and effective combustion, which will result in lower emissions and more 

environmentally friendly emissions [3]. Fuel additives can be categorized into two 

groups: natural additives and synthetic additives [4], [5]. Because natural additives are 

environmentally safe and have the ability to function on par with or even better than 

synthetic additions, their use has recently attracted attention. 

The use of natural additives, like essential oils like lemongrass oil (LO), has been 

shown in numerous earlier studies to improve combustion efficiency, reduce emissions, 

and help maintain engine temperature stability [6]. Siswanto & Ruslan have already 

looked into this phenomenon. They found that a gasoline combination containing fuel 

additives at concentrations of 5–10% might lower HC and CO levels without impairing 

engine performance. According to these studies, there is a positive effect on vehicle 

performance, especially when more ecologically friendly exhaust gases are produced [7]. 

This is further supported by the results of Rusli et al., who proposed that the presence of 

oxygenated molecules in essential oils is responsible for the decrease in HC and CO levels 

after the addition of essential oil-based natural additives [8]. These substances are 

thought to improve combustion efficiency by raising the amount of oxygen present during 

combustion, which lowers emissions of exhaust gases, especially HC and CO [9]. Essential 

oils from lemongrass, also known as LO, are among the many essential oils that have been 

shown to possess high concentrations of oxygenated molecules. Research on using LO as 

a gasoline additive is still scarce, though. 

According to the foregoing elucidation, the objective of this study is to assess the 

viability of LO as an additive for RON 92 fuel, with the aim of achieving more 

environmentally friendly exhaust emissions. To ensure that the addition of this additive 

does not compromise the performance of the vehicle's engine, additional tests were 

conducted. It is hypothesized that the results of this study will contribute to the 

development of sustainable, bio-based fuel additives and provide a practical solution to 

reduce vehicular emissions without sacrificing engine performance. So, the novelty of this 

study lies in the exploration of the use of lemongrass oil (LO) as a natural additive for RON 

92 gasoline used in conventional motorcycles. This study simultaneously evaluates the 

impact of LO on engine performance and exhaust emissions, which have not been 

comprehensively studied before. Additionally, this approach promotes the concept of 

sustainable energy by utilizing locally available, environmentally friendly resources, 

aligning with the direction of future bio-additive development. Moreover, the utilization 

of essential oil-based additives is congruent with global initiatives to transition towards 

greener energy alternatives. The utilization of locally sourced natural resources is a key 

component of this approach, as it fosters the principles of a circular economy and reduces 

reliance on fossil fuels. Future research is encouraged to further optimize blend ratios and 

evaluate long-term engine compatibility. 
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METHODS AND ANALYSIS 
Lemongrass Oil Extraction and Physical Properties Evaluation 

The extraction of lemongrass oil (LO) commenced with the drying of 1000 grams of 

lemongrass stalks, which had been cut into small pieces approximately 20 mm in length. 

The drying process was conducted under direct sunlight for approximately three 

consecutive days. Subsequently, the dried lemongrass was ground and subjected to 

maceration for 24 hours. Maceration refers to the process of soaking the plant material in 

a solvent. In this study, 600 mL of distilled water was employed as the solvent. Distilled 

water was chosen due to its ability to effectively preserve essential oil compounds by 

minimizing their evaporation and allowing for easy separation after extraction [10]. The 

resulting mixture was then filtered, and the LO was separated from the solvent via 

distillation. Distillation is a separation technique that exploits differences in boiling points 

between two liquids [11]. The distillation was carried out at approximately 100 °C, 

causing the distilled water to vaporize while leaving behind the LO, which has a higher 

boiling point (approximately 212 °C) [12]. Finally, the extracted LO was filtered once more 

to eliminate any residual impurities, yielding a clear oil. 

The extracted LO was subsequently subjected to physical property evaluation to 

assess its quality, with comparisons made against those of pure LO. The physical 

properties analyzed included density, viscosity, and boiling point. 

Density is defined as a measure of the mass of essential oil per unit volume [13]. The 

density of LO was determined using a graduated cylinder and a balance. First, the empty 

graduated cylinder was weighed. Then, a specific volume of LO was added, in this study 

using 10 ml. After that, the graduated cylinder containing the LO was weighed again, and 

the difference in mass was recorded. The density of the LO was then calculated using 

Equation 1 below: 

Density (g/ml) =
Mass of LO (gram)

Volume of LO (ml)
      (1) 

Subsequently, the viscosity measurement was conducted using a viscometer set of 

the NDJ-5S type. Prior to testing, it was ensured that the device was properly assembled 

and positioned on a flat and stable surface, as indicated by the position of the bubble 

within the level indicator. The rotor used was fully submerged according to the immersion 

mark, and care was taken to ensure that no air bubbles were present in the LO sample. In 

this study, the rotational speed was set to 60 rpm. The viscometer was then operated, and 

the viscosity value of the LO was displayed on the digital screen. The reading was 

observed until it stabilized, and the measurement was repeated several times to ensure 

the accuracy and reliability of the data obtained. Lastly, the boiling point of the LO was 

determined using a boiling point apparatus. The LO sample was placed in the boiling flask, 

heated gradually, and the temperature was monitored with a precise thermometer. The 

boiling point was recorded when a steady temperature was observed during continuous 

vaporization. 

Investigation of Exhaust Gas Emissions and Engine Performance 
LO obtained from the extraction process was added to RON 92 fuel, where the LO 

acts as an environmentally friendly additive. To determine the optimal conditions for the 

addition of LO, the LO was added in varying volumes of 10 mL, 15 mL, and 20 mL, then it 

mentioned in the percentage concentration as 0.99%, 1.47%, and 1.96%. The initial test 

conducted was the exhaust gas  emission. Each  sample was subjected to an emission test  
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Table 1. Engine specification. 

Specifications Value 

Engine type 4-stroke, SOHC (Single Overhead Camshaft) engine 

with eSP (enhanced Smart Power) technology 

Number of cylinders 1 cylinder 

Bore x stroke 47 x 63.1 mm 

Displacement  108.2 cc 

Ratio compresion  10 : 1 

Maximum power 6.6 kW (9 PS / 7,500 rpm) 

Maximum torque 9.3 Nm (0.95 kgf.m) / 5,500 rpm 

Cooling system Air-cooled  

Strarting up Pedal and electric dinamo starter 

Clutch type  Automatic, centrifugal, dry type 

Transmission type CVT (Continuously Variable Transmission) 

Injection system PGM-FI (Programmed Fuel Injection) 

Oil capacity 0.65 L 

 

on a motor vehicle with engine specifications as shown in Table 1. The exhaust gas 

analysis was performed using a Gas Analyzer set following SNI 09-7118.3-2005, as 

stipulated in the Regulation of the Minister of Environment and Forestry Number 8 of 

2023. The exhaust gases investigated focused solely on the concentrations of HC and CO. 

Subsequently, the LO sample that demonstrated a reduction in HC and CO emissions was 

further evaluated through a dyno test to assess its effect on power, torque, and air-fuel 

ratio (AFR). 
 

RESULTS AND DISCUSSIONS 
The physical properties of LO, such as density, viscosity, and boiling point, are of 

particular interest. The LO obtained exhibited a brownish yellow hue, which some have 

suggested is indicative of the efficacy of the LO extraction process, as evidenced by a 

comparison with prior studies. It is important to note that the discrepancy in the physical 

properties of LO from the present study and those of previous studies is less than 10% in 

terms of relative error rate. This index may serve as an indicator of the efficacy of 

extraction processes. 

Furthermore, the LO obtained was utilized as an additive to RON 92 fuel. The initial 

evaluation entails an exhaust emission test, the objective of which is to assess the levels 

of HC and CO. The objective of this study was to determine the optimal amount of LO to 

be used as an additive. To this end, the volume of LO added was varied, with the amounts 

tested being 0.99%, 1.47%, and 1.96%. As demonstrated in Figure 1, the exhaust emission 

test  results  indicate  that  the  addition of 1.96% of LO to RON 92  results  in the greatest 

reduction in HC, CO, and CO2 exhaust emissions, 49.73%, 49.23%, and 31.91%, respecti- 

 
Table 2. Comparison of physical properties between LO and previously studies. 

Properties This work Previously Work Ref. 

Density (g/mL) 0.893 0.895 [14] 

Viscosity (mPa.s)  5.30 4.82 [15] 

Boiling point (°C) 222 212 [16] 
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Figure 1. The decreasing of HC, CO, and CO2 after the addition of LO. 

 
vely. LO contains main compounds such as citral, limonene, and geraniol that have been 

demonstrated to improve the quality of fuel combustion and reduce exhaust emissions 

[17], [18]. LO is notable for its natural oxygenating properties [19], which are attributable 

to the presence of oxygen atoms in each molecule. The presence of oxygen atoms has been 

demonstrated to enhance the combustion process of HC, CO, and CO2. This outcome is 

particularly salient given the prevailing environmental concerns regarding the release of 

these substances. Furthermore, the presence of limonene and geraniol compounds in LO 

suggests their potential as mild solvents, which can facilitate the cleaning of the 

combustion chamber. A pristine combustion chamber has the potential to enhance the 

efficiency of the combustion process, thereby reducing the emissions of HC, CO, and CO2. 

Additionally, it has been determined that the most optimal addition of LO to RON 92 fuel 

is 1.96%. Further experimentation is necessary to ascertain the impact of lemongrass oil 

on vehicle engine performance. The objective of this test is to ascertain that there has been 

no diminution in the functionality of the vehicle’s engine. Consequently, power, torque 

and AFR tests were conducted to validate this hypothesis. 

Then, several tests were conducted to determine the effects of adding a 1.96% of LO 

additive to RON 92 gasoline fuel on engine performance. The findings, based on 

dynamometer testing, revealed a substantial enhancement in engine power and torque 

when the additive was incorporated into the fuel. As demonstrated in Figure 2(a), the 

maximum power output of pure RON 92 fuel is 6.72 HP at 5640 rpm, while the mixture of 

RON 92 and 1.96% of LO results in a maximum power of 6.99 HP at 5720 rpm. This 

increase in power suggests that the fuel mixture with LO enhances combustion efficiency. 

Furthermore, a shift in peak power from 5640 rpm to 5720 rpm is observed. This shift 

signifies that the incorporation of LO additives enhances the combustion process, 

rendering it more stable and optimal at slightly higher engine speeds. The observed 

phenomenon may be attributable to the presence of active compounds, such as citral and 

geraniol, in LO. These compounds function as natural oxygenates, thereby enhancing 

combustion quality and extending the optimal combustion zone [20]. This shift signifies 

that the engine possesses the capacity to sustain elevated performance across a broader 
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rpm range subsequent to the incorporation of the additive, which may result in enhanced 

fuel efficiency during operation. 

The enhancement in engine performance is further evidenced by an increase in 

torque, as illustrated in Figure 2(b). The maximum torque exhibited an increase from 8.47 

Nm at pure RON 92 to 8.68 Nm at the RON 92 and LO blend, also at the range 5600-5800 

rpm. This enhanced torque performance signifies that fuel combustion is more vigorous 

and efficient, resulting in greater torsional force on the engine crankshaft [21]. This 

enhancing effect can be attributed to the presence of active compounds in LO, such as 

citral and geraniol, which function as natural oxygenates. These compounds enrich the 

fuel mixture with additional oxygen, thereby accelerating the combustion process and 

reducing incomplete combustion. Furthermore, the volatility of LO can facilitate the 

mixing of fuel with air, thereby enhancing the combustion process and reducing the 

accumulation of carbon deposits within the combustion chamber. This results in 

improved thermal efficiency and overall engine performance [22]. Consequently, the 

utilization of LO additives can serve as a promising bio-additive alternative, enhancing 

vehicle performance while contributing to the mitigation of exhaust emissions. 

Then, as illustrated in Figure 3, a comparative analysis of Air-Fuel Ratio (AFR) values 

is presented, examining the distinction between pure RON 92 fuel and a mixture of RON 

92 with 1.96% of LO additive at varying engine speeds. In general, the AFR values of both 

fuels decreased as the engine speed increased. However, the fuel blended with LO additive 

exhibited AFR values that were generally higher than those of pure RON 92 across nearly 

the entire rpm range. The AFR values of the RON 92 with LO blend ranged from 13.23 to 

12.65, while the pure RON 92 experienced a more precipitous drop from approximately 

13.16 to 12.55. 

A higher AFR in fuels with LO additives indicate a “leaner” combustion (more air 

relative to fuel), which generally contributes to better thermal efficiency and lower 

carbon monoxide (CO) emissions [23]. This phenomenon can be attributed to the 

presence of oxygenate compounds in LO, such as citral and geraniol, which augment the 

oxygen content of the fuel mixture, thereby facilitating more complete combustion. 

Consequently,  the rise  in AFR  values  in  the  RON  92  and  LO  blend  suggests  that this 

additive not only enhances engine performance, but also contributes to the mitigation of 
 

 
Figure 2. Comparison of (a) power and (b) torque curves of motorcycle engines running 
on pure RON 92 fuel and RON 92 fuel with 1.96% LO, in relation to engine speed (rpm). 
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Figure 3. Comparison of AFR values for pure RON 92 fuel and RON 92 fuel with 1.96% 

LO added, in relation to engine speed (rpm). 
 

exhaust emissions through the optimization of the combustion process. 

Based on the findings of this study, LO has a great potential as an environmentally 

friendly fuel additive for the future. This oil contains oxygenated compounds such as citral 

and geraniol, which can increase the oxygen content in fuel mixtures, thereby improving 

combustion efficiency and completeness. This improved combustion not only enhances 

engine performance but also reduces harmful exhaust emissions such as CO and HC, 

which contribute to air pollution and negative health impacts on humans. Beyond these 

technical aspects, LO is a natural material derived from renewable resources and readily 

available locally, supporting reduced reliance on fossil fuels and synthetic additives that 

negatively impact the environment. The use of LO as an additive aligns with global trends 

toward green energy and a circular economy, where the sustainable use of natural 

resources is a key focus. With ongoing research and development, LO could become an 

alternative fuel additive that not only improves engine efficiency and reduces pollution 

but also helps drive the transition toward cleaner and more environmentally friendly 

energy systems in the future. 

 
CONCLUSIONS 

In summary, lemongrass oil (LO) was successfully extracted and applied as a fuel 

additive to RON 92. Physical property tests confirmed that the density, viscosity, and 

boiling point of the extracted LO were consistent with those of pure LO standards. The 

engine performance testing demonstrated that the addition of 1.96% of LO resulted in the 

greatest reduction in HC, CO, and CO2 emissions, by 49.73%, 49.23%, and 31.91%. 

respectively, alongside slight increases in engine power and torque by approximately 0.27 

HP and 0.21 Nm. These findings highlight the potential of LO as a natural, environmentally 

friendly additive that supports efforts to reduce air pollution, particularly in Indonesia. 

Further research is recommended to evaluate the long-term effects of LO additives on 

engine durability and emission performance under varied conditions. Such studies will 

help to better understand the practical applicability of LO as a sustainable fuel additive. 
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