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Abstract 

Over the last few decades, research has focused on reducing environmental pollutants through the use 

of biodiesel blends, which have become a more important factor in transportation fuels due to their eco-

friendliness. These biodiesel blends have higher density and viscosity than diesel, which is a significant 

barrier to commercial biodiesel exploitation. In this work, various fuel sources, such as sunflower oil 
and palm oil, were prepared for biodiesel in various proportions. Experimentally, the effects of various 

concentrations of biodiesel blends on efficiency and CO, NOx, and smoke opacity characteristics were 

investigated. The results revealed that the addition of ethanol to balm/sunflower oil biodiesel improves 
efficiency due to the good combustion process. The P5S5D85E10 bio diesel showed better efficiency 

with lower emissions for all the load conditions. At maximum loaded condition, P5S5D85E10 increased 

efficiency by 11% and P5S5D85E5 increased efficiency by 5% when compared to P5S5D90 biodiesel. 
Overall, palm/biodiesel fuel emission results like CO, NOx, and smoke opacity are reduced with ethanol 

addition. 
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1. Introduction 

The rapid depletion of fossil fuel reserves has 

been a major source of concern in recent 

decades, with approximately 80% of fossil fuels 

already exhausted [1-3]. Besides, energy 
demand is increasing as a result of the rapidly 

expanding population and the increase due to 

rapid urbanisation [4, 5]. To meet this energy 
demand, fossil fuels are widely used, but 

emission control is a significant challenge. 

Fossil fuels impact the environment by means of 
a large amount of carbon dioxide emissions [6-

8]. Biofuels, which are derived from a wide 

range of natural resources, have recently 

emerged as a viable alternative natural source, 
such as sunflower oil, soybeans, palm oil, canola 

oil, safflower oil, coconut oil, algae, waste 

cooking oil, etc., due to its comparable engine 
efficiency and lower emissions [9-11]. On the 

other hand, waste cooking oil biodiesel plays a 

significant role in diesel engines due to its 

renewable and non-toxic nature. Biodiesel 

addition to diesel increases fuel consumption 

and nitrogen oxides (NOx) emissions while 
decreasing unburnt hydrocarbon (HC), and low 

carbon monoxide (CO). Moreover, this 

biodiesel fuel produces a moderate change in 

brake thermal efficiency [12, 13]. 

Many literature studies revealed that the fuel 
characteristics were improved by the biodiesel 

blend with alcohol, ethanol, and butanol fuel 

[14, 15]. Besides, biodiesel is blended with 
ethanol to reduce the viscosity. On the other 

hand, increasing the cold-flow and volatility 

Because ethanol has a higher oxygen content 
than biodiesel, the ethanol blend with biodiesel 

reduces PM emissions compared to biodiesel 

alone [16, 17]. There have been numerous 

studies conducted on the efficiency and 
emissions of various biodiesel blends. Bhale et 

al. [18] studied that the emissions of smoke, 

NOx, CO, and other pollutants are reduced with 
ethanal blended biodiesel when compared to 

neat biodiesel. Another investigation has been 
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made by Zhu et al. [19] reported that the waste 

cooking oil/ethanol blends showed maximum 
in-cylinder pressure and heat release rate, while 

they had lower NOx and PM emissions 

compared with neat biodiesel. Alptekin [20] 

explored a diesel engine powered by biodiesel 
made from each of 50% volume of canola 50 and 

safflower oil biodiesel blended with 15% 

ethanal CS50BE15. It was reported that 
CS50BE15 produced higher BSFC than 

biodiesel while maintaining comparable peak 

cylinder pressures. Furthermore, when 
compared to biodiesel, CS50BE15 increased 

NOx emissions while decreasing CO2, THC, 

and CO emissions. According to some research 

studies, waste oil can be used as a biodiesel 
blend to improve fuel characteristics by varying 

the proportion of the blend [21, 22]. 

The above literature reveals that the 

concentration of biodiesel with ethanal affects 
the performance and emission characteristics of 

diesel engines. In this study, to investigate the 

different concentrations of biodiesel, such as 

palm oil, sunflower oil, and soybean oil blended 
with ethanol, on the brake efficiency, NOx, CO 

and smoke opacity emissions of a diesel engine. 

 

2. Materials and experimental procedure 

Palm and sunflower oil blend fuels are processed 

into biodiesel for different proportionalities of 

this work. The sample oils are mixed with a 

proportion of methanol and sodium hydroxide 
solution. A three-necked glass flask fitted with a 

condenser and a thermometer was used for 

filtration. The condenser was used to remove the 
methanol after two hours of the process. The 

reactant was heated to methanol's boiling 

temperature (50°C) and then slowly cooled to 

room temperature. The filtration is done with 
two layers, upper and lower. The lower layer 

contained glycerin, which sunk to the bottom. A 

total of six hours of process layer separation was 
done for the settle. After that, the ester was 

washed with water at room temperature to 

remove any methanol and sodium hydroxide 

residues.  

Initially, residual water and particles were 

removed from the residual fuels by a heating 

process. Residual fuel was heated to 80°C and 

then removed the particulate matter by using a 
funnel and filtration process. Again, the fuel is 

heated to 120°C (one hour) for the removal of 

residual water. The next stage is the mixing of 

sodium hydroxide (NaOH) and methanol with 
the residual fuel. This fuel was added to a glass 

bowl and a mechanical stirrer was used to 

dissolve the fuel at 500 rpm. During this process, 

the temperature is constantly maintained at 
60°C. After the mixing process, a 

chromatographic column was performed to 

carry glycerin separation from biodiesel and 
washed with water. A bio-diesel reactor, 

depicted in Figure 1, is a tank that can be used to 

mix oil, methanol, and a base catalyst. Mixing 
can be accomplished with a motor and a baffle 

because it is a simple machine with few moving 

parts. In total, four different biofuels were tested 

to determine the emission and engine 
performance characteristics. The blend fuels 

concentration is given in table 1. 
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Figure 1 Bio-diesel-mixer 

 

Table 1 Blended biodiesel concertation [11, 23] 

 

Fuel 

Blend proportional (%) 

Palm oil  Sunflower oil Diesel Ethanol 

100D - - 100 - 

P5S5D90 5 5 90 - 

P5S5D85E5 5 5 85 5 

P5S5D85E10 5 5 80 10 

 

For this experimental investigation, four-stroke 

single-acting cylinder specifications like 

connecting rod length of 232 mm, stroke length 
of 110 mm, cylinder bore of 87 mm, injection 

pressure of 210 bar, maximum power of 4 kW, 

and water-cooling system were used for this 

experimental investigation. A Sun Diagnostic 
fuel analyzer was used to determine the 

emissions of CO and NOx. A type-K 

thermocouple was originally used to measure 

the temperature of the exhaust fuel. Ethanol is 

added to the B25 mix in amounts ranging from 

5% to 10%. The kinematic viscosity, flash point, 
and density of sunflower oil and palm oil fuel 

are shown in Table 2. One significant difference 

between biodiesel and oil diesel is the high 

oxygen content (between 10 and 11%), which 
improves burning and execution characteristics. 

The properties of biofuels are shown in Table 2. 
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Table 2 Properties of biodiesel and diesel fuels [9] 

Types of 

fuel/Property 

Flash point °C Density 

kg/m3 

Kinematic 

viscosity at 400C 

mm2 /s 

Diesel fuel 56 850 2.7 

Palm oil 286 902 30 

Palm oil Bio 

diesel 
170 876 4.8 

Sunflower oil 274 918 33.9 

Sunflower oil 

Biodiesel 

176 880 4.3 

 

3. Results and discussions 

3.1 Brake thermal efficiency 

The thermal efficiency of palm/sunflower 
biodiesel fuels is shown in Figure 2. The 

mechanical energy is converted from chemical 

energy. The figure reveals that the BTE is the 
maximum for neat diesel fuel. As compared to 

the biodiesel, the 10% addition of ethanol 

enhanced the thermal efficiency. 

Palm/sunflower blended biodiesel obtained a 
minimum thermal efficiency compared to other 

ethanol blended fuels. When compared to 

P5S5D90 biodiesel at maximum loaded 
condition, P5S5D85E10 increased efficiency by 

11% and P5S5D85E5 increased efficiency by 

5%. Moreover, efficiency increases with 
increasing load because, as the engine load 

grows, a lesser amount of power is lost. 

However, when the percentage of ethanol in the 

fuel mixes grows, the BTE falls due to the lower 
calorific value of the gasoline blend. Also, the 

results revealed that increasing the amount of 

ethanol in the fuel mixture increased the fuel 
efficiency. This efficiency improvement by the 

addition of ethanol is due to the good 

combustion process taking place, resulting in an 
oxygenated environment. Similar efficiency 

results are reported in the previous literatures 

[23, 24]. 
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Fig. 2 Brake thermal efficiency of biodiesel at various loading 

4.3 Carbon monoxide emissions 

Figure 3 depicts the carbon monoxide (CO) 
emission of diesel and palm/sunflower biodiesel 

as a function of various loading conditions. The 

experimental results revealed that the biodiesel 

fuel reduced carbon monoxide emissions. The 
palm/sunflower biodiesel blended ethanol 10% 

fuel (P5S5D85E10) showed a minimum CO 

emission for all the load conditions. 
P5S5D85E10 biodiesel emits less CO than 

P5S5D90 (palm/sunflower oil blended) and 

P5S5D90 (palm/sunflower/ethanol blended 
biodiesel). This is due to the ethanal reducing the 

carbon content in the biodiesel. CO emissions 

for P5S5D90, P5S5D85E5, and P5S5D85E10 

biodiesel were reduced by 33.3%, 42.8%, and 
71%, respectively, when compared to neat diesel 

at maximum load condition. On other hand, 

increased load conditions increase the air-fuel 
mixture, resulting in complete combustion. CO 

emissions for all fuels are reduced as load 

increases due to the complete combustion that 
occurs at higher loadings [14]. Kandasamy et al. 

[24] discovered that adding ethanol reduced 

carbon content, which resulted in lower CO 

emissions. 
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Fig. 3 Carbon monoxide emissions of biodiesel blends 

4.4 NOx emissions 

Figure 4 shows the NOx emission level of 

palm/sunflower biodiesel fuels with varying 
loads. It can be seen in the plot that a similar 

trend is shown for CO and NOx emissions. The 

experimental results revealed that the biodiesel 
fuel reduced carbon monoxide emissions. The 

P5S5D85E10 bio diesel showed a minimum 

NOx emission for all the load conditions. When 

compared to P5S5D90 and P5S5D85 biodiesels, 
P5S5D85E10 biodiesel emits less NOx. This is 

due to ethanal's cooling effect, which reduces 

NOx emissions. When compared to neat diesel, 
NOx emissions (maximum load) for P5S5D90, 

P5S5D85E5, and P5S5D85E10 biodiesel were 

reduced by 15.3%, 20.2%, and 23.9%, 

respectively. The higher oxygen content of 
ethanol blend fuel reduces the NOx emissions. 

On the other hand, the addition of the loading 

level increased the combustion temperature, and 
the resulting NOx emission level has been 

increased for all biodiesel. When ethanol is 

added to biodiesel, it reduces NOx emissions 
when compared to neat diesel, which could be 

attributed to the cooling effect of ethanol. All of 

the fuels produce the same results at full load, 

which could be reported that full load increases 

heating to evaporate fuel while decreasing 

ethanol's cooling impact [13, 23]. 
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Fig. 4 NOx emissions of biodiesel blends 

4.4 Smoke opacity 

 In Figure 5, the smoke opacity levels of neat 

diesel and palm/sunflower biodiesel fuels are 
shown. In general, the level of smoke opacity is 

determined by the incompleteness of 

combustion. The figure clearly shows that the 
ethanol blended bio diesel improved the 

smoking quality of the fluid gases. The 

P5S5D85E10 bio diesel showed a low-level 
smoke opacity for all the load conditions. 

P5S5D85E10 has a lower smoke opacity than all 

other fuels due to the addition of ethanol to 

improve oxygen content, which aids in complete 
combustion, resulting in a lower smoke opacity. 

When compared to P5S5D90 and P5S5D85 

biodiesels, P5S5D85E10 biodiesel emits less 
smoke opacity level. When compared to neat 

diesel, smoke opacity at maximum load 

condition for P5S5D90, P5S5D85E5, and 

P5S5D85E10 biodiesel was reduced by 9.09%, 
15.15%, and 21.2%. The higher oxygen content 

of ethanol blend fuel reduces the smoke opacity. 

On the other hand, the addition of the loading 
level increased the combustion temperature, and 

the resulting smoke level has been increased for 

all biodiesel. Overall, results showed that smoke 

emissions quality improved with ethanol 

addition. Similar smoke opacity levels of 

biodiesel were observed by Vergel et al. [23]. 
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Figure 5 Smoke opacity of biodiesel at various load 

Conclusion 

The efficiency and emission characteristics of 
palm/sunflower biodiesel fuels were 

experimentally studied and following 

conclusions are summarized: 

1. Experiment results showed palm/sunflower 
biodiesel fuels were significantly affected brake 

thermal efficiency and emissions. The thermal 

efficiency was improved by palm/sunflower 

biodiesel with a 10% ethanol addition. When 
compared to ethanol blended fuels, 

palm/sunflower blended biodiesel had the 

lowest thermal efficiency. 
2. The results of the experiments revealed that 

biodiesel fuel reduced carbon monoxide 

emissions. The palm/sunflower biodiesel 

blended ethanol 10% fuel (P5S5D85E10) 
emitted the least amount of CO under all load 

conditions. This is due to the ethanal reducing 

the carbon content in the biodiesel. Similar NOx 
emissions results were observed for 

palm/sunflower blended fuels. 

3. The higher oxygen content of ethanol blend 
biofuel reduces the opacity of the smoke. 

Overall results revealed that the P5S5D85E10 

biodiesel showed better results for fuel 

characteristics such as emission and efficiency. 
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