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Abstract: The current work seeks to explore the viability of generating biodiesel 
from waste cooking oil as an economically viable waste biomass through the 
transesterification process and studied different blends with petroleum diesel (B0 
to B100). Key fuel characteristics, such as cetane number, acid value, density, 
calorific value, flash point, and viscosity, were measured. The findings reported that 
the cetane number slightly increases as biodiesel is mixed with the blend.  
Moreover, the heating value gradually drops as biodiesel is mixed with diesel:  
44.01 MJ/kg for B5, 43.59 MJ/kg for B10, 42.81 MJ/kg for B20, 42.53 MJ/kg for 
B25, 42.61 MJ/kg for B30, 41.81 MJ/kg for B40, 41.52 MJ/kg for B50, and 39.49 MJ/kg 
for pure biodiesel (B100). When compared with neat diesel, neat biodiesel indicated 
a cumulative decrease of approximately 11.4%. The biodiesel’s good quality was 
confirmed by the gradual drop in sulfur content, which helped to reduce possible 
emissions, and the total glycerol, which stayed well below standard limits. It was 
discovered that low to medium blends (B5–B20) provide better combustion and 
environmental performance while being completely compatible with traditional diesel 
engines without the need for modification. Although higher blends (B40–B100) have 
better safety and pollution benefits, their increased viscosity and lower energy 
content may necessitate slight modifications to engine calibration or fuel injection. 
Finally, this study reported that biodiesel–diesel blends are a viable, sustainable, 
and eco-friendly way to lessen dependency on fossil fuels while preserving engine 
performance. It also offers important information for maximizing blend ratios for 
emissions compliance and performance. 

 Keywords: biodiesel; renewable diesel; cetane number; calorific value; biodiesel-
diesel blends; glycerol 

1. Introduction 

The most crucial component of social and economic advancement for raising living standards is energy. The 
majority of the world’s energy sources now come from fossil fuels, which will eventually run out if we don’t create 
systems that can use other fuels to generate energy [1]. Global energy demand is increasing at a higher rate than 
population growth. Due to the high energy consumption of developing nations, particularly those in Asia, this 
increment projection is predicted to rise by up to 1.5% by 2030 [2]. According to some linked studies, the world’s 
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largest fuel exporters are compelled by the growing need for energy to find alternative fuels so that they can stop 
relying on fossil fuel-based products. Since sustainability is one of the primary challenges preventing the energy 
sector from reaching its full potential, all stakeholders—including government entities, private industries, 
corporations, nongovernmental organizations, academic institutions, and individuals—must actively support the 
development and utilization of innovative and renewable energy resources. 

Except for hydroelectricity and nuclear energy, the majority of the world’s energy demands are met by 
petrochemical, coal, and natural gas sources; all of these are limited and will soon be depleted at current rates of 
use [1]. Diesel fuels are vital to a developing nation’s industrial economy since they are used to run diesel tractors 
and pump sets in the agriculture sector, as well as to carry industrial and agricultural goods [3,4]. There is usually 
a corresponding rise in transportation when the economy grows. The development of renewable energy sources 
with a limitless lifespan and a lower environmental impact than conventional ones is becoming more and more 
important due to the high energy demand in both the domestic and industrialized worlds, as well as the pollution 
issues brought on by the widespread use of fossil fuels [5]. This has recently attracted attention to fossil fuel 
surrogates. Economic competitiveness, availability, environmental acceptability, and technical viability are all key 
necessities for surrogate fuels [6]. The use of renewable plant oils, like woody plant oilseeds and vegetable oils, 
can serve as alternatives to petroleum-based fuel [7]. This surrogate diesel fuel is identified as biodiesel or biomass-
derived diesel fuel [8,9]. 

Biodiesel is a renewable and biodegradable alternative to conventional diesel fuel [10,11]. It is mainly made 
from vegetable oils, animal fats, or waste cooking oils through a chemical process called transesterification. 
Comprising fatty acid methyl esters, biodiesel is chemically dissimilar to diesel derived from traditional crude oil; 
however, it can be used with traditional diesel engines in both pure and blended configurations [4,12,13]. Several 
biodiesel–diesel mixture ratios are widely available, like B5, B20, B30, and B100 [14,15]. It can be utilized in 
traditional compression-ignition engines without notable modifications [16–18]. The ecological merits of 
petroleum diesel additives and renewable-based diesel are maximized through promotive policy and infrastructure 
advancement [19,20]. Furthermore, Life cycle assessments (LCA) illustrated that utilizing bio-based diesel fuel, 
particularly from algae  or waste oils, reduces the carbon footprint in industry and transport activities [21]. 

Tibesigwa et al. [22] forecasted that the logistics and transportation industry’s deployment of B20 and B10 
mixtures will result in significant reductions in carbon dioxide tailpipe emissions and energy utilization. 
Additionally, the feasibility of utilizing biodiesel mixtures in substitution for conventional diesel was further 
demonstrated by Gautam and Kumar’s research [23], which highlighted that the ecological merits outweigh the 
performance drawbacks. 

The transesterification process is widely established for generating biodiesel from used cooking oil, attaining 
yields surpassing 90% [24,25]. Accordingly, used cooking oil plays a role as a biodiesel raw material with well-
established technological readiness and ecological merits [26–28]. UCO is transformed into biodiesel, which is 
considered a potential surrogate for petroleum diesel [29,30]. 

The current work seeks to explore the viability of generating biodiesel from waste cooking oil as an 
economically viable waste biomass through the transesterification process and to study different blends with 
petroleum diesel (B0 to B100). Key fuel characteristics, such as cetane number, acid value, density, calorific value, 
flash point, and viscosity, will be measured. Furthermore, the current study reported that biodiesel–diesel blends are 
a viable, sustainable, and eco-friendly way to lessen dependency on fossil fuels while preserving engine performance. 
It also offers important information for maximizing blend ratios for emissions compliance and performance. 

2. Research Methodology 

Used cooking oil collected from the University of Sharjah’s dining facilities, methyl alcohol, and sodium 
hydroxide were the components used in the current study to generate biodiesel. Figure 1 shows the materials used 
for transforming used cooking oil to biodiesel. Ecological merits, affordability, and accessibility in waste 
valorization were the key reasons for employing UCO as the feedstock to generate biodiesel. Using sodium 
hydroxide, an alkaline medium catalyst, triglycerides in waste cooking oil were rapidly transformed into glycerol 
biodiesel [31]. 

Schematic illustration of the conversion of used cooking oil to biodiesel is depicted in Figure 2. Used cooking 
oil is the key raw material employed throughout the process [28]. The existence of water and impurities could 
negatively impact the transesterification reaction and reduce biodiesel generation; hence, appropriate pre-treatment 
is essential [32]. Following refining, the oil moves on to the transesterification phase, which is the main chemical 
process used to make biodiesel. Methanol is added as the alcohol reagent in this stage, and a catalyst—usually 
sodium hydroxide, or NaOH—is added to speed up the process. Triglycerides in used cooking oil are combined 
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with methanol to produce fatty acid methyl esters (FAME), which make up biodiesel, and glycerol as a byproduct 
when heated to a regulated temperature and constantly stirred. Triglyceride molecules are broken down into 
smaller ester molecules by the process, which improves fuel qualities for diesel engines and lowers viscosity. 

 
Figure 1. Materials used for transforming used cooking oil to biodiesel. 

The mixture is allowed to settle after the reaction, which causes phase separation because of variations in 
density. Because it is heavier, glycerol sinks to the bottom, while biodiesel (FAME) forms the top layer. After 
removing the glycerol layer, crude biodiesel remains with contaminants, soap, catalyst, and leftover methanol. 
Figure 3 illustrates the Steps of the biodiesel reaction and separation of glycerol. The crude biodiesel is then 
cleaned with water in the following step to get rid of any remaining catalyst, extra methanol, and trace impurities. 
In addition to preventing engine-related problems like corrosion or injector deposits, proper washing guarantees 
adherence to fuel quality regulations [33]. Used cooking oil (UCO) was converted into biodiesel using an alkali-
catalyzed transesterification process. Each batch involved a 6:1 methanol-to-oil molar ratio reaction between 1000 mL 
of filtered and warmed UCO and methanol. As the catalyst, 1 weight percent of sodium hydroxide (NaOH) was added 
to the oil volume. The transesterification reaction was continuously stirred at 600 rpm for 60 min at 60 °C. 

 
Figure 2. Schematic illustration of the conversion of used cooking oil to biodiesel. 
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Figure 4 presents the schematic presentation of the three stages of the biodiesel washing cycle. This last stage 
of purification yields clear, premium biodiesel that can be blended with petroleum fuel or characterized. Finally, 
the procedure supports waste valorization, emission reduction, and the shift to renewable energy sources by 
reducing environmental pollution caused by inappropriate disposal of used cooking oil and helping to produce a 
cleaner-burning, more sustainable substitute for traditional petroleum diesel. 

 
Figure 3. Steps of the biodiesel reaction and separation of glycerol. 

 
Figure 4. Schematic presentation of the three stages of the biodiesel washing cycle. 

3. Results and Discussion 

3.1. Biodiesel Production and Its Characteristics 

Table 1 and Figure 5 exhibit the influence of temperature on the kinematic viscosity (cP) of biodiesel, including 
the speed and accuracy. Viscosity gradually drops with increasing temperature, reaching 4.98 cP at 60.5 °C, or about 
a threefold decrease across the studied temperature range. 

Table 1. Kinematic viscosity measurement results of the generated biodiesel based on UCO. 

Viscosity (cp) Temperature (°C) Speed (rpm) Accuracy 
13.56 20.01 40 0.15 cp 
12.13 24.90 40 0.15 cp 
10.44 30.00 40 0.15 cp 
9.04 35.00 40 0.15 cp 
7.91 39.60 40 0.15 cp 
7.00 44.80 40 0.15 cp 
6.24 49.90 40 0.15 cp 
5.56 54.70 40 0.15 cp 
4.98 60.50 40 0.15 cp 
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Figure 5. Impact of different ranges of temperature on the kinematic viscosity (cP) for biodiesel. 

Figure 6 illustrates the distillation range curve of the biodiesel sample. The absence of light volatile 
hydrocarbons is shown by the Initial Boiling Point (IBP) of 290 °C, which is in line with the chemical makeup of 
biodiesel made primarily of fatty acid methyl esters (FAME). Biodiesel has a somewhat higher initial distillation 
temperature than petroleum diesel because it lacks low-boiling paraffinic or aromatic components. A homogeneous 
mixture dominated by C16–C18 methyl esters is characterized by a relatively limited and smooth distillation range, 
which is demonstrated by the steady and progressive temperature increase from T5 (297 °C) to T95 (397 °C). 

 
Figure 6. Distillation range curve of biodiesel sample. 
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Great fuel consistency and few impurities from volatile fractions, including leftover alcohol or overly heavy 
molecules, such as unreacted triglycerides or polymerized ingredients, are reported by this smooth volatility curve. 
The absence of high-boiling residues that can cause deposit formation, injector fouling, or incomplete combustion 
is highlighted by the FBP of 408 °C, which is notably lower than the designated ultimate limit of 420 °C. 

3.2. Biodiesel-Diesel Blends Characterizations 

As the percentage of biodiesel in the blend increases from B0 to B100, the density values shown in Figure 7 
clearly indicate a steady and continuous increase. Pure fossil diesel (B0) exhibits a density of 832 kg/m3 at 15 °C, 
while pure biodiesel (B100) reaches 889.3 kg/m3, indicating an overall increase of approximately 6.9% across the 
full blending spectrum. The near-linear growth from B5 (838 kg/m3) to B50 (872 kg/m3) indicates consistent blend 
formation without phase separation and high miscibility between biodiesel and diesel fuel. The density stays 
around standard diesel standards for lower blends (B5–B20), indicating no effect on engine hardware and 
calibration. Higher blending ratios (B40–B100), however, may cause changes in injection timing and spray 
dynamics due to the increased density, which could have an impact on fuel consumption and emission formation. 

 
Figure 7. Influence of fuel density on several biodiesel-diesel mixtures. 

Figure 8 illustrates the variations in kinematic viscosity of various biodiesel-diesel blends. In the diesel–
biodiesel blends, the kinematic viscosity values at 40 °C clearly show a general increasing trend with higher 
biodiesel percentage. Due to its lighter hydrocarbon content and lack of oxygenated functional groups, pure fossil 
diesel (B0) exhibits a comparatively low viscosity of 2.53 mm2/s, which is typical of petroleum diesel. The 
influence of fatty acid methyl esters (FAME), which have a larger molecular weight and stronger intermolecular 
interactions than diesel hydrocarbons, is seen in the viscosity, which progressively increases as the biodiesel fraction 
increases, reaching 2.72 mm2/s for B5 and 2.87 mm2/s for B10. With B20 at 3.29 mm2/s and B30 at 3.46 mm2/s, the 
viscosity keeps rising for higher mixes, demonstrating the biodiesel’s increasing contribution to the blend’s flow 
resistance. Despite a little deviance at B25 (3.04 mm2/s), the general pattern is in line with the anticipated 
increasing trend. More than three times the viscosity of fossil diesel, the rise becomes more noticeable at increasing 
blending ratios, reaching 4.29 mm2/s for B50 and a notable 8.90 mm2/s for pure biodiesel (B100). 

Fuels with extremely low viscosities might impair lubrication and cause leaks in injection pumps. According 
to ASTM D975 and EN 590 limitations of roughly 2.0 to 4.5 mm2/s, the measured values for low and medium 
blends (B5–B30) are within the common diesel fuel requirements, suggesting satisfactory compatibility with 
traditional diesel engines without the need for changes. B100’s high viscosity (8.90 mm2/s) surpasses typical diesel 
standards, though, and may necessitate engine modifications or fuel preheating for best results. 
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As the amount of biodiesel in the blends increases, the flash point values in Figure 9 clearly and significantly 
rise. Because pure fossil diesel (B0) contains lighter and more volatile hydrocarbon fractions, it has a flash point 
of 60 °C, which is typical for standard petroleum diesel. The flash point gradually rises as the percentage of 
biodiesel increases: 70 °C (B5), 80 °C (B10), 100 °C (B20), 105 °C (B25), 115 °C (B30), 120 °C (B40), 130 °C 
(B50), and a significantly higher value of 185 °C for pure biodiesel (B100). This steady increase demonstrates 
how biodiesel greatly improves the blended fuel’s thermal safety properties. 

A notable improvement in fuel safety features is indicated by the notable increase from 60 °C (B0) to 185 °C 
(B100). According to various international fuel regulations, even mild blends like B20–B30 already have flash 
values of 100 °C, which is significantly greater than what is needed for traditional diesel. 

 
Figure 8. Influence of kinematic viscosity on several biodiesel-diesel mixtures. 

 

Figure 9. Impact of flash point of several biodiesel-diesel blends. 
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According to worldwide diesel fuel standards like ASTM D975 and EN 590, conventional diesel engines 
typically run well on fuels with cetane numbers between 40 and 55. Shorter ignition delays, smoother combustion, 
better cold-start behavior, and less engine banging are all linked to higher cetane levels. As the percentage of 
biodiesel in the diesel–biodiesel blends rises, the cetane number (CN) values illustrated in Figure 10 show a 
progressive improvement in ignition quality. The cetane value of 48 for pure fossil diesel (B0) is within the normal 
range for standard diesel fuels. The cetane number slightly increases as biodiesel is incorporated into the mixture; 
it is 49 for B5, 50 for B10, 52 for B20–B25, 53 for B30–B40, and 54 for neat biodiesel. 

 

Figure 10. Influence of cetane number of several biodiesel-diesel mixtures. 

Greater mixtures (B30–B100) generate notable enhancements in ignition quality, whereas intermediate 
blends (B5–B20) offer only marginal enhancement. This could enable engines to run more effectively and emit 
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a lower energy content, they have other benefits such as a greater cetane number, fewer CO and unburned 
hydrocarbon emissions, better lubrication, and higher flash points. As a result, gains in combustion quality, engine 
dependability, and environmental performance outweigh the trade-off of a decreasing heating value as the amount 
of biodiesel increases. Furthermore, the data showed how crucial it is to balance the amount of biodiesel in blends 
to maximize energy efficiency and environmentally friendly engine running. 
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Figure 11. Variations in the heating value of various biodiesel-diesel blends. 

As the percentage of biodiesel in the diesel–biodiesel blends rises, the sulfur content in Figure 12 
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that biodiesel has very little sulphur by nature and that mixing it with fossil diesel lowers the fuel’s total sulphur level. 

 
Figure 12. Variations in the sulfur content of various biodiesel-diesel blends. 
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From an environmental and regulatory standpoint, the sulfur content reduction is noteworthy. Acid rain and 
particulate matter in the atmosphere are mostly caused by sulfur oxides (SOx) emissions, which are directly caused 
by sulfur in diesel fuels. Reducing the amount of sulfur in the fuel enhances air quality and makes it possible to 
comply with strict emission standards like ASTM D975 for ultra-low sulfur diesel or Euro VI. Cleaner combustion 
and less sulfate particulate matter generation in exhaust fumes are two benefits of even modest sulfur reductions, 
as seen in low to medium biodiesel blends (B5–B20). 

Reduced sulfur content also improves the robustness and effectiveness of after-treatment systems, including 
selective catalytic reduction (SCR) units and diesel particulate filters (DPFs), from an engine standpoint. High 
sulfur fuels can poison catalysts and shorten the lifespan of emission control components. Blends of biodiesel, on 
the other hand, safeguard these systems, increasing their operational effectiveness and lowering the need for 
maintenance. One of the key sustainability benefits of biodiesel is its capacity to reduce pollutant emissions; even 
moderate blends (B20–B30) illustrate a discernible decrease in sulfur, while B100 has the smallest sulfur levels. 

The effect of total glycerol on several biodiesel-diesel mixtures is presented in Figure 13. The overall glycerol 
level steadily rises with the addition of biodiesel, representing any leftover amounts from the transesterification 
process. For example, B5 displays 0.01 weight percent, B10 at 0.02 weight percent, B20 at 0.05 weight percent, 
and B25 at 0.06 weight percent. Higher blends, like B30–B50, range from 0.09 to 0.12 weight percent, with pure 
biodiesel (B100) reaching 0.20 weight percent. 

 
Figure 13. Impact of total glycerol on several biodiesel-diesel mixtures. 
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preserving fuel handling qualities. Although higher blends (B40–B100) provide better safety and emissions 
benefits, their increased viscosity and lower heating value may necessitate small changes to fuel injection systems 
or engine calibration. The study demonstrates that blending biodiesel is a viable and sustainable strategy to lessen 
dependency on fossil fuels without sacrificing diesel performance. 
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