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The elimination of subsidies for conventional gasoline (E0) in Nigeria has led to a surge 
in fuel prices, prompting researchers to explore alternative automotive biofuels. 
Among the promising options are additive-blended biofuels, which can be used in 
spark ignition engines (S.I.E.). However, biofuels have limitations, such as lower energy 
density, compatibility issues, and potential infrastructure degradation. Additive-
blended biofuels (ABFs) represent an advanced technology that can address these 
shortcomings and enhance the performance of blended biofuels in automotive 
engines. In this study, additives were prepared and added to ethanol-gasoline blends, 
which are referred to as additive-blended biofuels (ABFs). E0 and ABFs were then 
tested in a single-cylinder motorcycle engine on a chassis dynamometer to evaluate 
the performance and emission characteristics of ABFs at partial and full load 
respectively. It was found that ABFs exhibited an increase in engine torque (T), brake 
power (BP) and brake mean effective pressure (BMEP) by 42.3%, 25.2% and 48.3%, 
respectively over E0. In addition, ABFs showed a 40% reduction in brake specific fuel 
consumption (BSFC) compared to E0. On the other hand, the emission measurements 
showed that NOX and HC emissions were reduced by 76 % and 35.3 % respectively for 
ABFs compared to E0. 
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1. Introduction 
 
     Given the abundant ethanol resources in Nigeria and the comparatively high cost of gasoline 
arising from total subsidies removal, the use of ethanol-gasoline blends is a viable alternative to lower 
fuel costs and reduce greenhouse gas emissions [1-3]. The decision to use single-cylinder engines in 
Nigeria is a strategic response to the high cost of fuel. These engines offer improved fuel efficiency, 
affordable manufacturing and maintenance, adaptability to local transportation needs, ease of 
maintenance and the potential to reduce environmental impact [2,7,11]. The decision is in line with 
the economic realities created by the complete removal of fuel subsidies by the Federal Government 
of Nigeria. This has led to increased transportation costs and impacted various sectors for low-income 
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Nigerians, as most vehicles and cars in Nigeria run on conventional gasoline. Figure 1 shows ethanol 
production in Africa, which present Nigeria as leading candidate. This has further strengthened and 
renewed the hope of energy sustainability using biofuel as a viable alternative to the expensive and 
depleting hydrocarbons [12,14,16] 
 

 
Fig. 1. African ethanol production[1] 

 
However, compressed natural gas (CNG) is also a viable alternative to conventional gasoline, but 

the use of CNG as a fuel is associated with specific disadvantages, such as limited vehicle range, 
limited availability of re-fuelling facilities, high initial investment costs, safety risks and competition 
with the cooking gas in households [3,6,9]. In addition, significant efforts are required from both the 
government and investors to drive the development of Nigeria's gas infrastructure and distribution 
facilities to facilitate the rapid adoption of CNG but as it can be seen in Figure 2, CNG usage in Nigeria 
is not common. The shortage of gas in northern Nigeria poses a challenge to the introduction of CNG 
as an alternative fuel in Nigeria. Hence the continuous usage of gasoline powered engines.  
 

 
Fig. 2.  Fuels used by different vehicles in Nigeria [4] 

 
1.1 Fuel Subsidies Removal in Nigeria  

 
A fuel subsidy is a government discount on the market price of fossil fuel, enabling consumers to 

pay less than the prevailing rate. This practice, subject to global debates, involves significant financial 
commitments and raises concerns about its impact on citizens' welfare and a nation's fiscal health. 
The International Energy Agency reports that the global fossil fuel subsidy reached $1 trillion in 2022, 
a substantial increase from $325 billion in 2018. This amount surpasses the estimated $204 billion 
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global aid and exceeds the combined revenue of developing countries [5,]. Hence, the call for subsidy 
removal aim to redirect funds to assist the poor and vulnerable in need of humanitarian aid in Nigeria 

Fuel subsidy in Nigeria was introduced in the 70’s due to the oil price shock of 1973 and partially 
abolished in 1986. Despite regular adjustments, the subsidies were maintained until their abrupt 
removal in 2012, which led to widespread protests and their reintroduction in the same year. Subsidy 
payments rose to ₦4 trillion (USD 6.088 billion) by 2022 as shown in Figure 3, accounting for 23 
percent of the national budget [6,9]. Unable to sustain this, the government announced the abolition 
of fuel subsidies in June 2023 leading to a rise in the price of gasoline from a subsidized price of #200 
per litre in May 2023 to an unsubsidized price of #600 in June 2023 causing a significant increase in 
the prices of essential goods and services in Nigeria [7-9] 
 

 
Fig. 3. Subsidy expenditure in Nigeria between 2017 and 2022 [6] 

 
1.2 Ethanol-Gasoline Blends as the Fuel of Choice in Nigeria 

 
Nigeria is identified as the world's leading producer of cassava [7,8] and recorded an approximate 

cassava production of 34.5 million metric tons (MT) in 2021, surpassing Brazil and Thailand, which 
produced 24.5 million (MT) and 21.8 million (MT) annually, see Figure 4. Cassava plays a significant 
role in Nigerian households, serving as a crucial source of both food and income. The cassava tubers 
are processed by peeling and crushing into granules, which are then either roasted as "Garri" 
(roasted granules) or fermented into a cooked paste known as "Fufu." Knowing that cassava contains 
cellulose, hemicellulose, and starch, there is potential for utilizing cassava wastewater in bio-ethanol 
production [8, 11,13]. The ethanol yield depends on the starch content of the cassava chips; as a 
reference, 50 kg of chips with a 30% starch content produced 7.5 liters of ethanol, while 20 kg of 
chips with a 15% starch content yield 3liters of ethanol respectively [9,12]. 

 



Journal of Advanced Research in Applied Mechanics 
Volume 126, Issue 1 (2025) 123-137 

 

126 
 

 
Fig. 4. Cassava production (metric tons) in the world  2021 [8] 

 
 In 2017, the National Bureau of Statistics reported that Nigeria's daily consumption of gasoline 
was 54.3 million liters in the first quarter. To create E10 gasohol (90% gasoline with 10% ethanol), 
approximately 5,430,000 liters per day or 1,981,950,000 liters of ethanol per year would be required 
[8,13-15]. This substantial demand could be met by converting waste from 40% of the annual 57 
million tons of cassava produced in Nigeria into ethanol[13,17,18] 
 Ethanol is gaining prominence as a promising fuel for internal combustion engines due to its 
renewable nature, blending flexibility with gasoline, high oxygen content, and reduced greenhouse 
gas emissions [16-18]. As shown in Figure 5, ethanol comprising two carbon atoms, six hydrogen 
atoms, and one oxygen atom [17,19,23], it is produced through the fermentation of sugars from 
sources like corn, sugarcane, and cellulose. To overcome challenges such as lower energy density, 
infrastructure adjustments, and compatibility issues, a promising strategy involves creating ethanol-
gasoline blends with additives [19-21]. This innovative technology aims to address high gasoline 
costs, enhance engine performance, and reduce emissions, contributing to a more sustainable and 
efficient fuel solution [20,22]. Hydrogen atoms support the complete combustion of ethanol, as 
shown in Eq. (1) and contribute to the formation of water molecules as a by-product. However, an 
insufficient oxygen during combustion results in incomplete combustion, producing carbon 
monoxide (CO) and partially oxidized compounds that contribute to the emission of harmful 
pollutants such as CO [9,15,16,21]. 
 

 
Fig. 5. Structural formular of ethanol [9] 

 
C2H5OH (l) + 3O2 (g) → 2CO2 (g) + 3H2O (g)                                (1) 

     
The increasing addition of ethanol to gasoline to reduce greenhouse gas emissions has 

significantly changed the composition and properties of fuels. While ethanol-blended fuels (EBFs) 
offer environmental benefits, they also pose challenges in terms of engine performance and 
emissions [21,23,25]. The addition of different concentrations of additives to these blended fuels 



Journal of Advanced Research in Applied Mechanics 
Volume 126, Issue 1 (2025) 123-137 

 

127 
 

aims to improve fuel economy, combustion efficiency and emissions. However, the interactions 
between these additive concentrations, EBFs and their overall effects on engine performance and 
emissions are not yet sufficiently known. Therefore, this study aims to investigate the effect of 
polyisobutylene additives at different concentrations in EBFs on the performance and emissions of 
a single-cylinder motorcycle engine 

 
1.3 Additive Blended Fuels (ABFs) 
 
 ABFs are a promising advancement for gasoline engines, offering improved performance and 
reduced emissions. These fuels combine gasoline with additives like ethanol, methanol, or butanol, 
enhancing fuel properties and boosting engine power and efficiency [10,26,27]. Additionally, 
additive-blended fuels contribute to cleaner air by reducing emissions of CO, HC, NOX [27,28,30]. 
 
2. Methodology  
 

950ml of commercial gasoline (RON95) representing 95% gasoline in the blends and 50ml of 
ethanol representing 5% ethanol in the blend were weighed and poured into a mixing flask and PIB 
polyisobutylene additive was added at the proportion shown in Table 1. This process was repeated 
five times to produce a total of five ABFs. 
 

Table 1 
Testing motorcycle (150cc) and chassis dynamometer technical specification 
Base fuel % Gasoline % Ethanol Additive (mg/l) Sample code 
100 100 - - E0 
“ 95 5 100 E5P100 
“ 95 5 500 E5P500 
“ 75 25 100 E25P100 
“ 75 

100 
25 
- 

500 
100 

E25P500 
E0P100 

 
Formulated blended fuels were tested on a motorcycle engine mounted on chassis dynamometer 

with technical specifications in Table 2. The engine was tested under two conditions: Half Load (HL) 
and Full Load (WOT) using specific fuel blend for each test condition and the tests were conducted 
at road speeds of 30, 40, 50, 60 and 90 km/h. These speeds correspond to the speed limits set by the 
Federal Road Safety Commission of Nigeria for rural, urban and highway driving. In this study,  
performance and emission tests measured speeds in terms of (km/h), this is in compliance with FRSC 
driving regulations which specified road speeds in (km/h) as the standardize testing procedure for 
urban, rural and highway driving. The mixed gas sample was analyzed using a gas analyzer (model 
number: QGA 6000) to determine the concentration of  HC, CO,  CO2 , and NOX.    
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Table 2 
Testing motorcycle (150cc) and chassis dynamometer 
technical specifications  

Component Specifications 
Engine 4-stroke, SOHC 
Dimension 1,920mm x 680mmx 1,130mm 
Weight 105kg 
No. of cylinder 1 
Fuel capacity 6.6 Liters   
Bore x stroke 5.74cm x 5.78cmm 
Air/fuel ratio Stoichiometric or lean 
Carburettor Spark ignition   
Maximum power 10.3hp   
Cooling system Air-cooled 
Fuel type Gasoline   
Chassis dynamometer                  Model no: MDC 400L  

3. Results  
 

The experimental outcomes of testing ABFs and E0 in a single-cylinder motorcycle engine are 
presented in the Table 3 
 

Table3 
Performance and emission tests result on Motorcycle engine  

Engine testing condition Half-load Full-load 
Road speed (km/h) 30 40 50 60 90 30 40 50 60 90 
Additive (mg/l) in ABFs 100 100 500 100 500 100 100 500 100 500 
% Ethanol in ABFs - 5 5 25 25 - 5 5 25 25 
% Gasoline in ABFs 100 95 95 75 75 100 95 95 75 75 
Torque (Nm) ABFs 4.6 4.5 5.5 5.7 5.9 4.8 5 5.6 6.1 6.9 
100 % gasoline 4.2 3.9 4.6 4.6 4.6 4.2 3.9 4.6 4.8 5.3 
Brake power (kW) ABFs 2.2 2.1 2.9 3.6 5.8 2.6 2.7 3.6 4.0 4.5 
100 % gasoline 2.0 1.9 1.9 2.5 4.0 2.5 2.5 3.1 3.0 3.5 
BSFC (g/kWh) ABFs 1.2 1.3 1.7 2.1 2.3 1.3 1.5 1.9 2.5 2.8 
100 % gasoline 3.1 4.2 4.6 4.8 5.3 1.7 2.8 3.6 4.4 5.6 
BMEP Cbar) ABFs 3.9 3.8 4.3 4.7 4.9 3.8 4.2 4.5 4.9 5.7 
100% gasoline 3.4 2.9 3.2 3.1 3.3 3.1 2.8 3.1 3.2 3.5 
NOX (g/km) ABFs 1007 1068 1239 1286 2301 1021 1098 1342 1477 2594 
100% gasoline 1451 1578 1720 2998 3015 1553 1602 1543 1790 4005 
CO (g/km) ABFs 1985 2060 2211 2240 2498 2189 2365 2540 2855 3025 
100% gasoline 1287 1328 2247 2280 2390 1980 2295 2488 2801 2945 
HC (g/km) ABFs 1034 1279 1290 1506 1650 1125 1375 1389 1780 1980 
100% gasoline 1209 1886 2184 2882 3550 1525 1732 1945 2150 2444 

 
3.1 Results and Discussion   
 
 This section provides graphical representations and discussion of the performance and emission 
results for ABFs and E0 across different road speeds and testing conditions. 
 
3.2 Torque (T) 
 

Figure 6 and Figure 7 illustrate the engine torque comparison between ABFs and E0 at partial and 
full loads. At 90km/h PL, E0 exhibits a peak torque value of 4.30 Nm. However, as the concentration 
of additives in the blends increases, there is a corresponding rise in torque, reaching a peak of 5.94Nm 
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for ABFs at 90km/h. During partial and full load operations, a noticeable torque gap exists, with ABFs 
displaying 42.3% torque increase over E0. This enhancement is attributed to the higher-octane rating 
of ABFs, which improves combustion efficiency and consequently results in increased torque values, 
particularly at full load. Higher additive concentrations in the fuel blends correspond to higher torque 
value, making the highest blended ABFs reference values in terms of torque performance. On 
average, ABFs yielded torque of 7.23 Nm, while E0 yielded 4.71Nm, a difference of 37.3% in average 
torque for ABFs and E0 was achieved. Again, this difference is mainly due to factors, such as lower 
intake air temperature and higher oxygen content in ABFs and all of which contributed to the higher 
torque compared to E0 for the same test cycle. 
 

 
Fig. 6. Torque for E0 and ABFs at half-load 

 

 
Fig. 7. Torque for E0 and ABFs at full-load 

           
3.3 Brake Power (Bp) 
 

Referring to Figure 8 and Figure 9 which depict the comparison of brake power (Bp) between 
ABFs and E0. Notably, E0 yielded the lowest values, registering 1.59 kW at 40km/h and 1.94 kW at 
90km/h for half-load and full load operations, respectively. Conversely, ABFs achieved the highest 
power output, reaching 3.71 kW at 90km/h half-load and 5.65kW at 90km/h during full-load 
operations. The diminished Bp for E0 was attributed to a delayed ignition period and lower flame 
speed for pure gasoline. It should be noted that, ABFs exhibited a substantial increase in Bp output, 
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averaging 45.2% more than E0 for both partial and full load operations. This enhancement proved 
the positive impact of ABFs on power generation in comparison to E0.  
    

 
Fig. 8. Brake power for E0 and ABFs at half-load 

 

 
Fig. 9. Brake power for E0 and ABFs at full-load 

 
3.4 Brake Specific Fuel Consumption (BSFC) 
 

Figure 10 and Figure 11 illustrate BSFC for ABFs and E0. E0 exhibits higher BSFC than ABFs at both 
partial and full load. On average, E0 requires 2.537 g/kW-h, while ABFs demands 1.034 g/kW-h, 
indicating a substantial 40% reduction in BSFC compared to E0. Consequently, ABFs demonstrates 
superior BSFC performance when compared to E0. The fuel consumption of ABFs is lower at all engine 
speeds and test conditions. This is to be expected as ABFs have higher energy density compared to 
E0.  The average energy content of ABF is 0.7654 g/cm3, while that of E0 is 0.7244 g/cm3, resulting 
in lower engine efficiency, higher fuel consumption and emissions under E0 tests. At PL, the engine 
is not running at maximum power and therefore the BSFC value is generally lower than in WOT. In 
particular, at the average speed of 30 km/h PL, ABFs showed a reduction in BSFC of 18.3% compared 
to E0 with 12.5% reduction. Generally, a significant decrease in fuel consumption for ABFs with an 
increase in additive concentration was observed, at 40km/h WOT, ABF with 50mg/l of additive 
concentration outperformed other additive blended ratios and showed 12.3% reduction in BSFC compared to 
other additive blended fuels and 23.7% reduction over E0. This consistent decrease in BSFC for ABFs was 
due to higher BTE and BP produced by ABFs as the road speed increases. 
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Fig. 10. BSFC for E0 and ABFs at half-load 

 

 
Fig. 11. BSFC for E0 and ABFs at half-load 

 
3.5 Brake Mean Effective Pressure (BMEP) 
 

In Figure 12 and Figure13, BMEP for ABFs and E0 at different road speeds and operating 
conditions are presented.  At the highest road speed of 90km/h, ABFs has a BMEP value of 4.79 bar 
and thus outperforms E0, which has 3.87 bar. The introduction of a higher percentage of additives in 
the mixture leads to an increase in BMEP, especially under full load conditions (4.5bar, 4.9bar, and 
5.7 bar), resulting in a notable discrepancy in BMEP performance between ABFs and E0. On average, 
BMEP performance of ABFs is 48.3% higher than E0 for the same test condition. It's noteworthy that 
there is a linear relationship between BMEP and Bp. A higher BMEP corresponds to a higher power 
output at optimal fuel efficiency, while a decrease in BMEP leads to a lower power output. Hence, 
increased BMEP contributes to improved thermal efficiency, lower fuel consumption and emissions. 
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Fig. 12. BMEP for E0 and ABFs at half-load 

 

 
Fig. 13. BMEP for E0 and ABFs at full-load 

 
3.6 NOX Emissions 
 

As shown in Figures 14 and Figure 15, the NOX emission concentration for ABFs and E0. It can be 
seen that E0 has the highest NOX emissions at part-load, namely 3015 g/km, while ABF has 2301 
g/km. Consequently, ABF was able to reduce NOX emissions by 36.3% compared to E0 under the same 
engine operating conditions. The higher combustion temperature of E0 resulted in higher NOX 
emissions as it is a standard fuel with no special additives to reduce NOX emissions.  At part-load, 
ABFs produced a lower combustion temperature that allowed the cool gases to flow through the 
combustion chamber, resulting in lower NOX emissions. However, at WOT, E0 exhibit 63.5% and 
72.7% increase in NOX emissions at 30km/h and 40km/h respectively. For ABFs, NOX emissions at this 
speed were found to be 6.4 % and 4.8% lower compared to E0 under WOT test conditions. This 
represents a notable increase in NOX for ABFs. The higher NOX emissions is mainly due to increase 
ethanol in the blends which enrich the blend with excess O2, thus making it more oxygenated fuel. 
As a result, this leads to oxidation of nitrogen from the nitrogenated fuel, ultimately increase 
combustion temperature and facilitate the formation of NOX. As the driving speed increased above 
40km/h onwards, the concentration of NOX emissions also increased. 
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Fig. 14.  NOX for E0 and ABFs at full-load 

 

 
Fig. 15.  NOX for E0 and ABFs at half-load 

 
3.7 CO Emissions 

 
Figures 16 and Figure 17 show the CO emissions for both E0 and ABFs under different engine 

conditions. Surprisingly, ABFs has 13.5% higher CO emissions than E0 under full-load condition. This 
increased in CO emission for ABFs was attributed to problems such as poor air-fuel ratio, incomplete 
combustion, ignition delay and increased flame temperature. However, E0 outperforms ABFs in CO 
emissions, confirming its effectiveness in supporting complete combustion. The data suggests that 
E0 has better combustion characteristics compared to ABFs across a range of engine conditions. At 
30 km/h part-load, there was 8.5% reduction in CO for ABFs. At 40km/hr full-load, there was a sudden 
increase in CO emission registering 14.6% compared to PL testing conditions. At 50km/hr, the CO 
emission increase again and recorded 11.23%, 12.3% and 13.6 at 50km/hr, 60km/hr, and 90km/hr 
respectively. This indicates that under full-load condition, additive blended fuels were less effective 
in reducing CO emissions compared to E0. 
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Fig. 16. CO for E0 and ABFs at half-load 

 

 
Fig. 17. CO for E0 and ABFs at full-load 

                                    
3.8 HC Emissions 
 

Figure 18 and Figure 19 illustrate HC emission concentrations for ABFs and E0. As it can be seen,  
E0 shows higher HC emissions, averaging 25.3% more than ABFs under full load conditions, indicating 
incomplete combustion. ABFs demonstrates lower HC emissions, a notable reduction in HC emissions 
as the additive content in the fuel blend increased was linked to its support for complete combustion 
with fewer harmful pollutants. This was maintained at the speeds of 40km/h, 60km/h and 90km/h 
under full-load as the proportion of additives in the blends increased and were lower compared to 
E0 under the same speeds and test conditions. On average, ABFs reduced HC emissions by 15.6% 
compared to E0. This value is lower compared to the performance of the ABFs for NOX, CO and CO2. 
This result maybe be due to gaps that trap the fuel in small quantities in the combustion chamber 
especially in the area of the volume between the piston and rings and the cylinder head gasket and 
cannot burn completely during the power stroke leading to loss of engine power.  
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Fig. 18. HC for E0 and ABFs at full-load 

 

 
Fig. 19. HC for E0 and ABFs at half-load 

 
4. Conclusions 
 

Based on this study, the superiority of ABFs over E0 in terms of performance and emissions has 
been confirmed. Nevertheless, it's important to mention that ABFs exhibit a slight increase in CO 
emissions. Overall, the superiority of ABFs over E0 can be summarized as follows: 

 
i. ABFs produced higher torque at all engine speeds with an average increase of 42.3 %. 

ii. ABFs produced an increase of 25.2 % in Bp. 
iii.  ABFs produced higher BMEP averaging 48.3%.  
iv. ABFs reduced NOX emission by 56%. 
v. E0 produced higher HC emission averaging 35.3% compared to ABFs 

 
5. Recommendations 
     

Further study is required to investigate the higher CO emission (up to 14%) produced by ABFs 
under all tests conditions and how it can be minimized. The study has offered areas of future research 
by adopting the methodology for the implementation in four- cylinder engines which will serve as a 
new platform for education and research training. The adoption of outcome of this study will in no 
doubt meet the government requirements on alternative renewable fuels in transportation sector in 
Nigeria. The study has discovered the usefulness for the food wastes in Nigeria as a potential source 
of bio-ethanol.  
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