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Abstract 

This study aims to determine the effect of methanol-blended fuel variations on 

fuel consumption and exhaust emissions Honda Supra X125 FI. The 

background of this research is the need for environmentally friendly and 

efficient alternative fuels to reduce air pollution from motorized vehicles. 

Methanol was chosen as an additive due to its high octane number and oxygen 

content in its structure, which can improve combustion efficiency. The tests 

were conducted using a Honda Supra X125 FI motorcycle with five fuel 

mixture variations: 0%, 5%, 10%, 15%, and 20% methanol in Shell V-Power. 

Data were collected using a gas aalyzer and a dynamometer to measure fuel 

consumption and CO and HC emission levels. The results show that methanol 

addition increases fuel consumption by up to 17.99% in the 20% methanol 

mixture due to methanol's lower calorific value compared to gasoline. 

However, CO emissions decreased by 23% and HC emissions by 19.26%. The 

10% methanol mixture is optimal as it balances combustion efficiency and fuel 

consumption. The findings indicate that methanol has potential as a fuel 

additive for reducing emissions in gasoline motorcycles, although higher 

methanol concentrations may increase fuel consumption. 

 

 

 
This is an open-access article under the CC BY license 

(https://creativecommons.org/licenses/by/4.0/) 
 

1. INTRODUCTION 

In recent years, the increase in motorized 

vehicles has often been associated with 

economic growth and community welfare. 

According to AISI (2024), domestic motorcycle 

sales reached 4,872,496 units by September 

2024, with 150 cc motorcycles are widely 

preferred due to fuel efficiency and 

maneuverability on congested roads (Zaini & 

Ariska, 2022). Motorized vehicles, especially 

motorcycles, have become the primary mode of 

transportation in developing countries like 

Indonesia. However, this increase in vehicles 

has led to a surge in fuel imports reaching 47.74 

million tons in 2022 (BPS, 2024), as well as 

significant contributions to greenhouse gas 

emissions and air pollution (Pramudito et al., 

2022; Wahyudi et al., 2024; Rahmawati, 2023). 

The combustion process in gasoline engines 

produces pollutants such as CO, NOx, and PM, 

https://creativecommons.org/licenses/by/4.0/
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especially when combustion efficiency is low 

(Örs et al., 2022). 

Various solutions have been developed to 

address these challenges, ranging from efficient 

engine technology and emission regulations to 

using alternative fuels . The government has 

also encouraged vehicle emission testing since 

2023. One promising alternative is methanol, 

which produces lower CO₂ emissions and has a 

high oxygen index (Wirawan et al., 2021; Iliev, 

2021). Methanol has received significant 

attention in 2020-2024 research due to its ability 

to reduce CO, HC, and NOx emissions. The 

diverse sources and increasing availability of 

methanol make it more accessible. Even in 

racing, methanol has been widely used because 

it is environmentally friendly. Fuel quality, 

including viscosity and octane number (RON), 

significantly affects combustion efficiency and 

emissions (Maulana et al., 2023; Riyanto et al., 

2022; Halim et al., 2022). 

In Indonesia, various fuels with different 

octane numbers are available in the market, 

significantly affecting engine performance. This 

research explores the effect of the methanol 

ratio in fuel mixtures on the consumption and 

emissions of 150 cc motorcycles. Using VP 

Racing Fuel M5, a methanol fuel with additives 

and Shell V-Power RON 95. This study aims to 

evaluate the effect of methanol-blended Shell V-

Power fuel on fuel consumption, CO emissions, 

HC emissions, and lambda values in a 150 cc 

fuel-injected motorcycle. 

 

2. RESEARCH METHODS 

This study used a quantitative approach 

with experimental methods (true experimental 

design). The research object was a 2014 Honda 

Supra X125 FI motorcycle modified to a 150 cc 

engine capacity. The fuels used were Shell V-

Power RON 95 mixed with methanol (VP 

Racing Fuel M5) in mixture ratios of 0%, 5%, 

10%, 15%, and 20%. Testing was conducted at 

the E9 Performance Laboratory UNNES, with a 

test engine (dynamometer) to measure fuel 

consumption and engine performance, and a 

gas analyzer (HESBON HG-520) to measure 

exhaust emissions. The consumed fuel volume 

was measured using a burette for each fuel 

mixture variation. The data were then analyzed 

quantitatively using descriptive statistical 

methods to compare fuel consumption and 

exhaust emissions for each methanol ratio 

variation. 

 

3. RESULTS AND DISCUSSION 

Fuel Consumption 

 

Table 1. Time Required to Consume 20 

ml of Fuel at Different Engine Speeds 

Consumption result (20 ml/s) 

Methanol 

Ratio 
Idle 2000 rpm 3000 rpm 

Methanol 0% 363 302.33 223 

Methanol 5% 334.67 281.67 200.67 

Methanol 10% 331.67 277,33 191 

Methanol 15% 322.67 255.67 186 

Methanol 20% 305 239.33 173.67 

 

The above data shows the results of fuel 

consumption testing using 20 ml of fuel with 

variations in fuel mixtures at engine speeds of 

idle (1500 rpm), 2000 rpm, and 3000 rpm. The 

collected data needs to be input into the 

following equation formula to calculate 

consumption in kg/h. To convert the 20 

ml/second consumption results to kg/h, the 

following formula is used: 

𝑚𝑓 =
𝑉

𝑡
×
3600

1000
× 𝜌𝑏𝑏 

Where: 

𝑚𝑓 : Fuel consumption (kg/h) 

V  : Volume of fuel used (cc) 

t  : Time required (seconds) 

𝜌𝑏𝑏 : Fuel density (kg/liter) 

 

Table 2. Fuel Consumption 

Fuel Consumption (𝒎𝒇) kg/h 

Methanol 

Ratio 
Idle 2000 rpm 3000 rpm 

Methanol 0% 0.148 0.178 0.242 

Methanol 5% 0.162 0.193 0.27 

Methanol 10% 0.164 0.196 0.285 

Methanol 15% 0.169 0.213 0.293 

Methanol 20% 0.18 0.23 0.316 
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The fuel consumption of the 

SUPRAX125 FI motorcycle at 3000 rpm with a 

flow rate of 20 ml/second using Shell V-Power 

with various methanol blends. The fuel 

consumption without methanol (0%) was 0.242 

kg/h. With a 5% methanol blend, consumption 

increased to 0.270 kg/h (an 11.57% rise), then to 

0.285 kg/h at 10% methanol (a 5.56% increase 

from 5%). The 15% blend recorded 

consumption of 0.293 kg/h (a 2.81% increase 

from 10%), and the 20% blend reached 0.316 

kg/h (a 7.85% increase from 15%), 

demonstrating a consistent trend of increasing 

consumption with higher methanol content. 

These results indicate that methanol blending 

significantly affects fuel consumption at high 

engine speeds, with the most substantial 

increase occurring at the initial 5% methanol 

addition. The consumption pattern suggests 

that while higher methanol concentrations 

continue to increase fuel usage, the rate of 

increase varies at different blend ratios. 

 

 
Figure 1. Effect of Engine Speed Variation and 

Methanol Ratio on Fuel Consumption 

 

Figure 1 illustrates the relationship 

between variations in methanol blend ratios 

and fuel consumption at idle, 2000, and 3000 

rpm, based on the average consumption of five 

fuel types. The test results indicate fuel 

consumption increases with higher methanol 

concentrations across all engine speeds. At idle, 

consumption rises from 0.148 kg/h (0% 

methanol) to 0.180 kg/h (20% methanol); at 2000 

rpm, it increases from 0.178 kg/h to 0.230 kg/h; 

and at 3000 rpm, it climbs from 0.242 kg/h to 

0.316 kg/h. This increase occurs because 

methanol has a lower calorific value than 

gasoline, requiring the engine to burn more fuel 

to produce equivalent power. Additionally, 

higher engine speeds elevate energy demands, 

further amplifying fuel consumption. 

 
Figure 2. Average Fuel Consumption 

for Pure Fuel vs. Methanol-Blended Fuel 

 

Test results show that pure fuel 

consumption was 0.189 kg/h, while methanol-

blended consumption increased to 0.223 kg/h. 

This increase indicates that adding methanol to 

the fuel raises fuel consumption. This occurs 

because methanol has a lower calorific value 

than gasoline, requiring a larger fuel volume to 

achieve the same engine power output. 

The fuel consumption test results on the 

SUPRA X125 FI motorcycle demonstrate an 

increase in fuel consumption corresponding 

with higher engine speeds and methanol blend 

ratios. Figures 1–5 reveal that at idle speed, a 

5% methanol blend increases fuel consumption 

by 9.46% compared to pure fuel, with this 

increase continuing up to 6.51% for a 20% 

blend. Tests conducted on the 2014 SUPRA 

X125 FI motorcycle indicate that adding 

methanol to Shell V-Power fuel directly impacts 

fuel consumption, particularly at idle. Figure 1 

shows that fuel consumption rises with 

increasing methanol ratios, with a 9.46% 

increase for the 5% blend compared to pure 

fuel. This upward trend continues for 10%, 

15%, and 20% blends, showing increases of 

1.23%, 3.05%, and 6.51% respectively, compared 

to previous variations. This suggests higher 

methanol concentrations lead to greater fuel 

consumption even at low engine speeds. 

At 2000 rpm, fuel consumption shows 

more significant increases. Figure 2 illustrates 

that pure Shell V-Power consumes 0.178 kg/h, 

0,160

0,180

0,200

0,220

0,240

Shell V-Power Shell V-Power with

Methanol
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rising to 0.193 kg/h (8.43% increase) with a 5% 

methanol blend. The 10% blend consumes 0.196 

kg/h (1.55% higher), the 15% blend consumes 

0.213 kg/h (8.67% increase), and the 20% blend 

reaches 0.230 kg/h (7.98% increase). This 

indicates that higher engine loads at 2000 rpm 

require more fuel, and methanol addition 

further amplifies this demand. The upward 

trend continues at 3000 rpm, where higher 

RPMs require more fuel and air to maintain 

engine power and efficiency. Figure 3 

demonstrates that a 5% methanol blend 

increases consumption by 11.57% compared to 

pure fuel. Subsequent blends show increases of 

5.56% (10%), 2.81% (15%), and 7.85% (20%) over 

previous blends, confirming that methanol 

progressively affects fuel consumption at 

higher speeds. 

Overall, tests across all three engine 

speeds (idle, 2000 rpm, and 3000 rpm) show 

that methanol blending increases fuel 

consumption rates. At idle, consumption jumps 

21.62% from 0% to 20% methanol, while at 2000 

rpm, the increase reaches 29.21%. Figure 4 

graphically demonstrates these results, proving 

methanol's negative impact on fuel efficiency. 

On average, methanol-blended fuels consume 

23.28% more than pure Shell V-Power. Higher 

RPMs increase consumption due to greater 

power demands (Setiyawan et al., 2023). 

Adding VP Racing Fuel M5 to Shell V-

Power 95 alters fuel characteristics, including 

reduced viscosity that improves air-fuel mixing. 

Methanol's high oxygen content, favorable 

hydrogen-to-carbon (H/C) ratio, and higher 

vaporization energy requirements (Iskandar et 

al., 2024; Li et al., 2019) contribute to these 

changes. Although methanol has a high octane 

rating (~102), this advantage does not 

necessarily benefit low-compression engines 

like the SUPRA X125 FI (Fahrizal & 

Adiwibowo, 2020). Gradual methanol blending 

also reduces calorific value - from 10,381.99 

cal/g (5% blend) to 9,689.43 cal/g (20% blend) - 

while increasing density from 0.748 kg/L (pure) 

to 0.7634 kg/L (20% blend). Tira et al. (2023) 

noted that higher density correlates with lower 

calorific value. In conclusion, methanol 

blending increases fuel consumption. Pure Shell 

V-Power demonstrates better efficiency due to 

its higher calorific value and more stable 

combustion in low-compression engines. These 

findings align with research by Zhang et al. 

(2022) and Sarıkoç (2023), confirming that 

methanol blending generally increases fuel 

consumption rates. 

 

Exhaust Gas Emission 

 

Table 3. Exhaust Gas Emission Test Results 
Emission Result 

Methanol Ratio CO (%) HC (ppm) Lambda (λ) 

Methanol 0% 0.83 1397 1.393 

Methanol 5% 0.71 1136 1.329 

Methanol 10% 0.687 1031 1.331 

Methanol 15% 0.643 1138 1.552 

Methanol 20% 0.516 1207 1.885 

 

Table 3 is the average data obtained 

from exhaust gas emission tests using a gas 

analyzer. The table above shows the test results 

from different fuel blend variations on a Honda 

Supra X125 FI motorcycle regarding the 

resulting exhaust gas emissions of CO, HC, and 

lambda values. 

The CO exhaust emission data show the 

effect of different methanol-blended fuels on 

the Supra X125 FI motorcycle. The results 

demonstrate that CO emissions decrease with 

increasing methanol ratios. For pure gasoline 

(0% methanol), emissions measured 0.83%. The 

5% methanol blend yielded 0.71% (a 14.46% 

reduction), 10 % methanol produced 0.687% 

(3.24% reduction), 15% methanol resulted in 

0.643% (6.4% reduction), and the 20% methanol 

blend achieved the lowest emissions at 0.516% 

(19.75% reduction compared to pure gasoline). 

HC emissions (ppm) from a SUPRA 

X125 FI motorcycle with varying methanol fuel 

blends. Using pure gasoline (0% methanol), HC 

emissions measured 1397 ppm. The 5% 

methanol blend reduced emissions to 1136 ppm 

(an 18.71% decrease), while the 10% methanol 

blend further lowered emissions to 1031 ppm (a 

9.26% reduction compared to the 5% blend). 

However, with 15% and 20% methanol blends, 

HC emissions increased to 1138 ppm (a 10.38% 
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rise) and 1207 ppm (a 6.06% rise), respectively, 

indicating an upward trend after the initial 

decline. 

The lambda values of a SUPRA X125 FI 

motorcycle with different methanol fuel blends. 

Using pure gasoline (0% methanol), the lambda 

value was 1.393, indicating a lean mixture. The 

5% methanol blend reduced the lambda value 

to 1.329 (a 4.6% decrease), while the 10% 

methanol blend slightly increased to 1.331 

(0.15% higher than the 5% blend). At higher 

methanol concentrations, significant increases 

were observed: the 15% blend reached 1.552 

(16.63% increase) and the 20% blend jumped to 

1.885 (21.45% increase). These results 

demonstrate that higher methanol percentages 

cause progressively leaner mixtures, which 

may affect combustion efficiency and exhaust 

emissions. The most dramatic changes occurred 

between 15-20% methanol blends, suggesting a 

threshold concentration where methanol's 

oxygen content begins to substantially alter the 

air-fuel ratio characteristics in this fuel-injected 

motorcycle engine. 

 
Figure 3. Average of Pure Fuel vs. 

Methanol-Blended Fuel on CO Emissions 

 

Based on the average results of CO 

exhaust emissions (%) from using pure Shell V-

Power fuel without a methanol blend and Shell 

V-Power with a methanol blend, as shown in 

the figure above, the pure Shell V-Power fuel 

produced an average CO emission value of 

0.83%. In comparison, the Shell V-Power fuel 

with methanol blend showed an average CO 

emission value of 0.639%. This indicates that 

the Shell V-Power fuel with methanol blend 

produces 23% lower CO emissions than the 

pure Shell V-Power fuel. Methanol's oxygen 

content (48.13% according to VP Racing Fuels 

M5 specifications) improves combustion 

efficiency, reducing CO while increasing CO₂ 

(Royyan et al., 2025; Sahaja & Pudukarapu, 

2019).

 
Figure 4. Average of Pure Fuel vs. 

Methanol-Blended Fuel on HC Emissions 

 

HC levels decreased from 1397 ppm 

(pure fuel) to 1136 ppm (5% methanol) and 

1031 ppm (10% methanol). However, at higher 

concentrations (15% and 20% methanol), HC 

levels rise to 1138 ppm and 1207 ppm, 

respectively. This increase occurs due to 

excessively lean combustion caused by 

methanol's high oxygen content and octane 

rating. While oxygen in methanol initially 

improves combustion and reduces HC (Nidhi 

& Subramanian, 2019; Martin & O'Malley, 

2021), at higher concentrations, methanol's high 

latent heat of vaporization cools the combustion 

chamber, creating lean conditions that increase 

HC emissions (Sinkala et al., 2024; Li et al., 

2019). 

 

 
Figure 5. Average of Pure Fuel vs. Methanol-

Blended Fuel on Lambda (λ) Values 

 

The lambda value decreased from 1.393 

at 0% methanol to 1.329 at 5% methanol, 

remained nearly constant at 10%, and then 

increased sharply at 15% and 20% methanol, 

then slightly to 1.331 (10%), before jumping 

significantly to 1.552 (15%) and 1.885 (20%). 
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Figure 5 illustrates this upward trend in lambda 

values, driven by ECU re-mapping to 

accommodate increased engine capacity (Fatra 

et al., 2020) and methanol's oxygen content 

(Sarikoç, 2020). Higher lambda values correlate 

with increased fuel consumption, as lean 

combustion prompts the ECU to inject more 

fuel (Nnamdi & Prince, 2024). Since methanol 

has a lower calorific value, maintaining engine 

performance requires an additional fuel supply. 

This phenomenon also explains the reduction in 

CO and HC emissions (Iskandar et al., 2020; 

Sanjaya & Syarifudin, 2020). 

 

4. CONCLUSION 

The results showed that adding 

methanol to the Shell V-Power fuel mixture on 

the SUPRA X125 FI motorcycle caused a 

significant increase in fuel consumption across 

all engine speeds (idle, 2000 rpm, and 3000 

rpm). The addition of methanol to Shell V-

Power fuel affected both fuel consumption and 

exhaust emissions in the 150 cc Supra X125 FI 

motorcycle. Increasing the methanol ratio 

raised fuel consumption at idle, 2000 rpm, and 

3000 rpm because methanol has a lower 

calorific value than gasoline. In terms of 

emissions, methanol blending reduced CO 

emissions across the tested mixtures, while HC 

emissions decreased at 5% and 10% methanol 

but increased again at 15% and 20% due to lean 

combustion conditions and the high latent heat 

of vaporization of methanol. The lambda values 

also increased at higher methanol ratios, 

indicating a leaner air–fuel mixture. Overall, 

the 10% methanol blend provides the most 

balanced result between emission reduction 

and fuel consumption, while higher methanol 

concentrations are less favorable for fuel 

efficiency. 
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