Production and characterization of biodiesel from waste cooking vegetable oil
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	Abstract: The rising need for renewable energy sources has driven research into biodiesel production from waste cooking vegetable oil, offering a sustainable alternative to fossil fuels. This study focused on producing biodiesel through base-catalyzed transesterification of waste cooking oil and assessing its key physicochemical properties. Waste cooking oil was collected, filtered, and pretreated before undergoing transesterification with methanol and potassium hydroxide as the catalyst. The produced biodiesel was then analyzed for viscosity, flash point, acid value and calorific value to determine its suitability as an alternative fuel. The results showed that the viscosity of the waste cooking oil significantly decreased from 27.23 mm²/s to 2.83 mm²/s after transesterification, aligning well with ASTM standards (1.9–6.0 mm²/s) and indicating improved fuel performance. The flash point of the biodiesel was recorded at 110°C, ensuring safety in storage and handling compared to conventional diesel's 55°C. The biodiesel's density was found to be 0.8733 kg/m³, slightly higher than diesel fuel but still within acceptable limits. The acid value of 1.683% and a free fatty acid content of 0.84% indicated high-quality biodiesel with a high yield. The calorific value was measured at 36.1 MJ/kg, slightly lower than conventional diesel's 42.2 MJ/kg, but sufficient for practical energy use. Overall, the results suggested that biodiesel produced from waste cooking oil possesses comparable properties to conventional diesel, offering a viable, environmentally friendly alternative that could reduce reliance on fossil fuels and promote waste recycling. This study underscores the potential of waste cooking oil as a valuable feedstock for sustainable biodiesel production
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INTRODUCTION
The global demand for sustainable and renewable energy sources has escalated due to the depletion of fossil fuel reserves and the environmental impact of their uses. Biodiesel, a renewable and biodegradable fuel derived from organic sources, presents a promising alternative to conventional diesel. It can be produced from various feedstocks, including vegetable oils, animal fats, and waste cooking oils, through transesterification—a process that converts triglycerides into fatty acid methyl esters (FAME) and glycerol (Agarwal, 2020; Canakci & Van Gerpen, 2017).
Waste cooking vegetable oil, specifically, offers an attractive option due to its low cost, availability, and the environmental benefits of recycling waste material (Garlapati et al., 2013). The transesterification process typically involves the reaction of waste oils with methanol in the presence of a strong base catalyst, such as potassium hydroxide (KOH) (Shahid et al., 2019). This process produces biodiesel with properties that can potentially meet international standards, such as those outlined by ASTM D6751 (ASTM, 2010).
Previous research indicates that biodiesel produced from waste cooking oils can achieve quality comparable to biodiesel derived from fresh oils. Agarwal (2020) demonstrated the suitability of waste oils for biodiesel production, emphasizing the cost benefits and environmental advantages. Similarly, Garlapati et al. (2013) and Mathiyazhagan and Ganapathi (2019) explored the impacts of various process parameters on biodiesel yield and quality, noting the importance of optimizing conditions to enhance production efficiency.
However, challenges persist, particularly with feedstocks having high levels of free fatty acids (FFA), which can lead to soap formation during transesterification and reduce biodiesel yield (Jaichandar & Annamalai, 2019). To address this, pretreatment steps such as acid esterification are often employed to lower FFA levels before the base-catalyzed transesterification process (Mulimani et al., 2020).
This study aims to advance the understanding of biodiesel production from waste cooking vegetable oil by optimizing the transesterification process and characterizing the physicochemical properties of the resulting biodiesel. By comparing these properties with conventional diesel, this research seeks to evaluate the feasibility of using waste cooking oil as a sustainable feedstock, thereby contributing to the reduction of fossil fuel dependency and promoting waste management (Ogunwole, 2019; Parawira, 2010). 
MATERIALS AND METHOD
This section outlines the materials and methods used in the production and analysis of biodiesel from waste cooking vegetable oil.
The waste cooking vegetable oil used in this study was collected from local restaurants in Owerri, Imo State. The chemicals used for the transesterification process included methanol, potassium hydroxide (KOH) as a catalyst, and standard laboratory-grade reagents for analysis.
The free fatty acid content of the waste cooking oil was determined using a titration method with a potassium hydroxide solution. The FFA content is a critical factor in the transesterification process as high FFA levels can lead to soap formation, hindering biodiesel production. Oils with FFA levels above 1% were pre-treated to reduce acidity before proceeding with the transesterification process.
Transesterification is the process of reacting triglycerides in oils with alcohol (typically methanol) in the presence of a catalyst (KOH) to produce methyl esters (biodiesel) and glycerol. The transesterification process was carried out at Imo State University Chemistry Laboratory under controlled temperature and stirring conditions. The reaction mixture was allowed to settle, and the biodiesel layer was separated from the glycerol by-product. The biodiesel was then purified by washing with warm water to remove residual catalyst and impurities.
The produced biodiesel was characterized to evaluate its fuel properties, including density, viscosity, flash point, and acid value. These properties were compared with ASTM D6751 and EN 14214 standards to assess the suitability of the biodiesel for use as a fuel. Additionally, gas chromatography was used to analyze the fatty acid methyl ester (FAME) composition of the biodiesel.
RESULTS AND DISCUSSION
The results of the biodiesel production process and characterization are discussed in this section.
 Free Fatty Acid Reduction
The FFA content of the waste cooking oil was found to be higher than 1%, necessitating pre-treatment to reduce the acidity. The pre-treatment process successfully lowered the FFA content, making the oil suitable for transesterification.
Acid Value and Free Fatty Acid (FFA) Content of Groundnut Oil
Two titration tests were performed to determine the acid value and FFA content of the groundnut oil. The results of the titrations are summarized below
Table 1: Titration Values of Groundnut Oil
	
	First Reading
	Final Reading

	Initial Reading (cm³)
	0.00
	0.30

	Final Reading (cm³)
	0.30
	0.60

	Total Reading (cm³)
	0.30
	0.30


 
 
    
Acid value  
To determine the FFA value
 
    
 
Note: since the FFA content was below 1% we transesterify the oil to produce the biodiesel and glycerol
Table 2: Characterization of the Produced Biodiesel  
The result obtained during the characterization of the produced biodiesel are presented below

	Property
	Unit
	ASTM Specification
	Groundnut Oil
	Groundnut Oil Biodiesel
	Diesel Fuel

	Density
	Kg/m³
	0.575 - 0.900
	0.9251
	0.8733
	0.8220

	Pour Point
	°C
	-15 to +10
	-6
	-12
	-

	Viscosity at 40°C
	mm²/s
	1.9 - 6.0
	27.23
	2.83
	2.2

	Flash Point
	°C
	100
	266
	110
	55

	Fire Point
	°C
	-
	200
	207
	62

	Calorific Value
	MJ/kg
	-
	37
	36.1
	42.2




BIODIESEL YIELD
The transesterification of waste cooking oil resulted in a biodiesel yield of approximately 85-90%. The yield is consistent with previous studies and demonstrates the viability of waste cooking oil as a feedstock for biodiesel production. The glycerol by-product was also collected, which could potentially be used in other industrial applications.
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Plate 1: showing the pre-heated waste cooking vegetable oil
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Plate 2: showing the produced biodiesel from waste cooking vegetable oil

GRAPHICAL REPRESENTATIONS OF THE PROPERTIES OF GROUNDNUT OIL, BIODIESEL AND DIESEL oC


Figure 1: showing the flash point of groundnut oil, biodiesel and diesel with diesel having the lowest flash point (550C) compared to the groundnut oil (2660C) and the biodiesel (1100C).mj/kg
kg/m3











Figure 2: showing the density of groundnut oil, biodiesel and diesel with diesel having the lowest density (0.822kg/m3) compared to the groundnut oil (0.9251 kg/m3) and the biodiesel (0.873 kg/m3).
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Figure 3: Showing the calorific value or the energy value of groundnut oil, biodiesel and diesel with diesel having the highest calorific value (42.2mj/kg) compared to groundnut oil (37.0mj/kg) and the biodiesel produced (36.1mj/kg). 


Figure 4: showing the viscosity of groundnut oil, biodiesel and diesel with diesel having the lowest viscosity (2.2mm2/s) compared to the groundnut oil (27.23mm2/s) and the biodiesel which is 2.83mm2/s.
DISCUSSION
The production of biodiesel from waste cooking vegetable oil offers a sustainable and environmentally friendly alternative to conventional fossil fuels. This section discusses the key findings from the production and characterization of biodiesel derived from waste cooking oil, comparing the results with established standards and previous researches.
The free fatty acid (FFA) content of waste cooking oil is a critical factor in biodiesel production, as high FFA levels can lead to soap formation during transesterification, reducing biodiesel yield and complicating the process. In this study, the initial FFA content of the waste cooking oil was found to be above 1%, which necessitated a pre-treatment step. This pre-treatment effectively reduced the FFA content below 1%, making the oil suitable for the transesterification process. This result aligns with the findings of Mathiyazhagan and Ganapathi (2019), who emphasized the importance of reducing FFA content for efficient biodiesel production .
The transesterification process of the pre-treated waste cooking oil resulted in a biodiesel yield of approximately 85-90%. This yield is consistent with yields reported in other studies involving waste cooking oils, such as those by Shahid et al. (2019), who obtained similar yields using comparable feedstocks . The high yield achieved in this study demonstrates the effectiveness of waste cooking oil as a feedstock for biodiesel production, offering a viable way to recycle waste oil into valuable fuel.
The physicochemical properties of the produced biodiesel, including density, viscosity, flash point, and calorific value, were analyzed and compared to the ASTM standards and the properties of conventional diesel fuel.
The density of the biodiesel was found to be 0.8733 kg/m³, which is within the ASTM specification range of 0.575-0.900 kg/m³. This indicates that the produced biodiesel meets the required standards and is suitable for use in diesel engines.
The viscosity of the biodiesel at 40°C was measured to be 2.83 mm²/s, which is also within the ASTM standard range of 1.9-6.0 mm²/s. This lower viscosity compared to the original waste cooking oil (27.23 mm²/s) highlights the effectiveness of the transesterification process in reducing viscosity, thus preventing issues related to poor atomization and clogging in diesel engines.
The flash point of the biodiesel was determined to be 110°C, and the fire point was 207°C, both of which are significantly higher than those of conventional diesel fuel (55°C and 62°C, respectively). The high flash and fire points indicated that the produced biodiesel is less flammable and safer to handle, store, and transport compared to diesel.
The calorific value of the biodiesel was measured at 36.1 MJ/kg, which is lower than that of diesel (42.2 MJ/kg). This lower energy content is typical of biodiesel due to the presence of oxygen in its molecular structure, which reduces its energy density compared to fossil diesel. Despite this, the biodiesel's energy content is still sufficient for most applications, offering a renewable and cleaner alternative to fossil fuels.
The utilization of waste cooking oil for biodiesel production addresses several environmental concerns. First, it provides a method for recycling waste oil that might otherwise be discarded, reducing environmental pollution. Second, biodiesel produced from waste oils has a lower carbon footprint compared to conventional diesel, as it is derived from renewable sources and emits fewer pollutants. Economically, the use of waste cooking oil reduces the cost of biodiesel production by utilizing a low-cost feedstock that is readily available, especially in regions with high consumption of cooking oils.
CONCLUSION
This study demonstrates that waste cooking vegetable oil is a viable feedstock for biodiesel production, yielding a product with properties that meet ASTM standards and are comparable to those of conventional diesel. The pre-treatment process effectively reduces the FFA content, ensuring a high biodiesel yield of 85-90%. The produced biodiesel exhibits favorable properties, including appropriate density, reduced viscosity, and high flash and fire points, making it suitable for use in diesel engines. However, the slightly lower calorific value of the biodiesel compared to diesel suggests that it may be more suitable for blending with conventional diesel to enhance its energy content.
Overall, biodiesel production from waste cooking oil not only provides an alternative energy source but also contributes to waste management and environmental sustainability. The results of this study support the broader adoption of waste cooking oil biodiesel, particularly in regions with abundant waste oil resources, as a means to reduce dependency on fossil fuels, lower greenhouse gas emissions, and promote a circular economy.
RECOMMENDATION
The science of production of biodiesel from waste cooking vegetable oil is seen as a welcome development and should be adopted for sustainable development. 
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