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1.0 INTRODUCTION

Upsurge in fossil fuel price (Iqbal etal., 2024), increase in world population and industrialization, consumption (Eluwa etal., 2024), and environmental concern over the effects of climate change and national security lead to increase interest in development of an alternative sustainable and environmentally friendly fuel (Gregory etal., 2015). Biodiesel is one of the sustainable renewable fuels considered to be substitute to fossil fuel in transport sector (Alsabi, 2024). Biodiesel is an alternative fuel for diesel engines, it is in form of methyl esters or ethyl esters which are produced by one of the following methods; transesterification reactions of plant oils or animal fats with short chain alcohols such as methanol with the help of an acidic or alkaline catalyst. The International Energy Agency forecasts a 53% increase in global energy consumption by the year 2030, most of this demand currently met by fossil fuels: crude oil (33%), coal (30%), and natural gas (24%) (Mofijur etal., 2014). 
Currently, more than 95% of the world’s biodiesel is produced from edible oils such as rapeseed (84%), sunflower oil (13%), palm oil (1%), soybean oil, and others (2%). Biodiesel is gaining worldwide attention. Edible oils are considered the first generation of biodiesel feedstock. Biodiesel has been produced in the US and Europe using edible oils because they have a surplus of them, can achieve high biodiesel yield and easy processing due to their low free fatty acids (Silitonga 2019). However, the conventional feedstocks for biodiesel, such as palm, soybean, sunflower, and rapeseed oil, are also food sources, leading to concerns about their impact on global food supply (Yang 2024). Various non-edible oil has been explored, Jatropha curcas oil stands out due to its unique advantages, including adaptability to diverse environments, minimal competition with food crops, and high oil content. These factors contribute to the growing interest in Jatropha curcas oil for biodiesel production (Sathiyamoorthi 2024). 
Consequently, a range of catalysts, both homogeneous and heterogeneous, have been employed for the transesterification reaction. However, limitations associated with homogeneous catalysts, including high costs, reactor corrosion, and challenges in catalyst recovery, have prompted a shift towards heterogeneous catalysts (Ao, 2024), chemically derived catalysts from industrial sectors have traditionally been favored for biodiesel production, there is a growing demand for catalysts sourced from renewable waste materials such as snail shell (Muhammad, 2018) egg shell and mussel shell due to their environmentally friendly production methods, renewable nature, sustainable qualities, widespread availability, and cost benefits. Many project teams have investigated diverse natural waste sources of calcium oxide as possible catalysts to help with the clean, economical, and sustainable manufacturing of biodiesel. 


1.1 Overview of Biodiesel

According to the standards of the American Society for Testing and Materials, biodiesel is defined as mono alkyl esters of long-chain fatty acid made from renewable fatty raw materials such as vegetable oils or animal fats. The term ‘bio’ indicates its renewability and biological origin, and the term ‘diesel’ indicates its similarity to diesel fuel and its application in diesel engines (Bohlouli, 2019). The history of biodiesel dates to the late 19th century, when Rudolf Diesel demonstrated an engine powered by peanut oil at the 1900 World’s Fair (Demirbas, 2010). However, it was not until the 1970s, amid the oil crises and growing environmental concerns, that biodiesel began to gain significant attention as a viable alternative energy source. The increasing awareness of climate change and the need for sustainable energy solutions have further propelled project and development in biodiesel production over the past few decades (Balat and Balat, 2010).
The production of biodiesel is driven by its potential to reduce greenhouse gas emissions compared to fossil fuels. Studies have shown that biodiesel can reduce carbon dioxide emissions by up to 78% over its lifecycle (Kumar and Sharma 2011). Furthermore, biodiesel is non-toxic and can be produced from various feedstocks, making it an attractive option for energy diversification and rural development (Demirbas etal., 2015). And one of the advantages of biodiesel is its ability to be used in conventional diesel engines with minimal modification. This has sparked extensive research on different feedstocks and production processes for biodiesel, with an emphasis on cost-effectiveness and sustainability 2.0 Biodiesel Production Method
Ince Walton recommended in 1939 that “to get utmost value from vegetable oil as fuel it is academically necessary to split off the triglycerides and run on the residual fatty acid”, there has been several methods employed to achieve this. These methods include; Direct use and blending, pyrolysis (Thermal cracking), micro-emulsification and transesterification  
( Akpan etal., 2023).
 Among the many methods available, transesterification has been found to be the most viable process (Shaah etal., 2021)). The transesterification reaction of a triglyceride is a classic reaction governed by equilibrium. The reaction is thus used to improve the properties of oil by breaking down the oil to methyl esters 

2.1 Transesterification Process

To increase the engine fuel volatility and reduce its viscosity, lipids (vegetable oils or animal fats) are subjected to a process called trans-esterification. It is one of the commonly used methods of biodiesel production due to its ease of operation. It involves reversible reaction between the triglyceride of lipids and short chained alcohol (methanol, ethanol, or propanol), in the presence of a suitable catalyst to yield fatty acid alkyl ester (biodiesel) and glycerol (Ayoola etal., 2021).
The transesterification process is a reversible reaction. Therefore, an excess of alcohol is required to drive reaction equilibrium towards the formation of the product. The types of alcohol used in this process include short chain, long-chain, and cyclic alcohols. However, methanol and ethanol are commonly used because of their availability, polarity, superior reactivity, and low cost. 

3.o Results and Discussion

The results obtained from physicochemical properties of Jatropha curcas seed oil, and biodiesel produced are shown in the XRD.
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FIGURE 3.1 XRD of Calcined Snail Shell

3.1 XRD Analysis of Calcium Oxide (CaO)
To confirm the presence of CaO in the synthesized sample, X-ray diffraction (XRD) analysis was performed. The resulting XRD pattern exhibited peaks at 2θ = 30.50°, 51.22°, and 62.65°. This study attributed the peaks to the characteristic pattern of CaO. While the XRD pattern of the synthesized CaO contains additional unknown peaks which may be as a result of impurities present during sample handling and measurement, the strong correlation of the peaks observed here with the aforementioned literature, coupled with the similarity in synthesis methodology used by Muhammad ( Muhammad etal., 2018), who obtained 95.01% CaO from refluxed calcined snail shells, this strongly suggests that the synthesized sample contains a significant amount of CaO capable of catalyzing a transesterification reaction. To further ensure the purity and reactivity of the catalyst, it was recalcined immediately before use in the transesterification process.

3.1.1 Percentage Yield of Oil and Biodiesel

From the results obtained the yield of oil derived from Jatropha curcas seeds via the soxhlet extraction method was found to be 32.65%. This yield aligns well with the 30-40% range reported in the literature reported by Alsabi (Alsabi etal., 2024). The oil content of Jatropha curcas seeds is significantly higher than the 16.10% yield from mango seeds and the 16.24% yield from okra seeds reported by Galadima (Galadima, 2023), respectively. The high oil yield makes Jatropha seeds a viable feedstock for biodiesel production. Furthermore, the oil extracted from these seeds remains liquid at room temperature, further enhancing its potential for biodiesel production. 
The percentage yield of the biodiesel produced was found to be 78.5%, the variations in biodiesel yield may be attributed to differences in catalyst preparation methods, methanol-to-oil ratios, catalyst concentrations, reaction temperatures, and reaction times.




3. CONCLUSIONS

This study established the production of biodiesel from Jatropha curcas seed oil using CaO derived from snail shell as a heterogeneous catalyst. The findings affirm the potential of Jatropha curcas as a sustainable non-edible feedstock, particularly for biodiesel production in developing countries. The study highlights the catalytic efficiency of CaO derived from snail shell. Under reaction conditions of 1:5 oil-methanol molar ratios, 3wt% catalyst, 3 hours of reaction time and 60oC reaction temperature, a biodiesel yield of 93.5% was obtained. Except for the acid value, all the physicochemical properties of the biodiesel including density, viscosity and Cetane number were consistent with ASTM specification standards for biodiesel. CaO derived from snail shell exhibited high basicity, making it a promising catalyst for sustainable biodiesel production.
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