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ABSTRACT

The making of Biodiesel using coconut oil was examined, through the transesterification process. The  coconut oil was reacted with methanol in the presence of a catalyst (sodium hydroxide and potassium hydroxide) to produce fatty acid methyl esters (FAME) the primary components of biodiesel and glycerol as a by-product. The obtained biodiesel was purified and characterized using physicochemical parameters such as density   Viscosity mPa·s of 170-171, flash point range from to 260-270, pH meter 7.33 , saponification value mg KOH /g, 322.6 , acid value mg KOH /g 11.22 , and Iodine value gl2/100g 2.23 respectively. The biodiesel was analyzed by all this tests and the results were compared with standard biodiesel and petro-diesel properties. The results indicated that the biodiesel produced by coconut oil showed a very good properties  for biodiesel production, yielding a high-quality fuel with properties within ASTM and EN biodiesel standards.
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CHAPTER ONE
1.0 Introduction

1.1 Background of the Study

The global reliance on finite fossil fuels, coupled with their environmental impact and price volatility, has intensified the search for sustainable energy alternatives. Biodiesel, a renewable fuel composed of mono-alkyl esters, has emerged as a leading candidate. It is produced via transesterification, a process where vegetable oils or animal fats react with an alcohol (like methanol) in the presence of a catalyst.

Coconut oil is a particularly promising feedstock for biodiesel. Its composition of approximately 90% saturated fatty acids (predominantly lauric acid) gives the resulting biodiesel several advantageous properties.

1.1.1 Advantages of Coconut Oil Biodiesel:

Good Fuel Properties: It generally meets international standards (ASTM D6751, EN 14214), with a high cetane number (ensuring smooth combustion), appropriate viscosity, and a good flash point.

Lower Viscosity: After processing, its viscosity is lower than biodiesel from many other oils, improving atomization and combustion.

 Reduced Harmful Emissions: It significantly lowers emissions of carbon monoxide (CO), unburned hydrocarbons (HC), and particulate matter (PM), and contains no sulfur, eliminating SOₓ emissions.

Renewable and Biodegradable: As an agricultural product, it is renewable, and the fuel is biodegradable and non-toxic.

High Oxidative Stability: Its high saturation makes it more resistant to degradation during storage.

1.1.2 Disadvantages of Coconut Oil Biodiesel:

Lower Energy Content: Its oxygenated structure results in a lower calorific value, which can slightly reduce engine power and increase fuel consumption.

Cold Flow Problems: It has high cloud and pour points, meaning it can gel in cold temperatures, limiting its use in cooler climates.

High Raw Oil Viscosity: Untreated coconut oil is too viscous for engines, making the transesterification process essential.

Higher NOₓ Emissions: Combustion can lead to a slight increase in nitrogen oxide emissions due to higher combustion temperatures.

Engine Issues: Prolonged use can cause filter clogging and injector deposits, especially with low-purity fuel.

High Production Cost: The cost is relatively high due to expensive feedstock and competition from food and cosmetic industries.

Poor Oxidation Stability: Despite good initial stability, it can oxidize over long periods, forming gums and sediments.

1.2 Statement of the Problem

The widespread adoption of biodiesel is hindered by a trilemma involving feedstock sustainability, economic feasibility, and fuel performance. While coconut oil offers a pathway to energy independence for tropical regions, specific challenges must be addressed:

1.3 Justification of the Research

This research is justified by its potential to deliver significant economic, environmental, and technological benefits.It can add value to the local agricultural economy , in coconut - producing their dependence on imported fossil fuels and enhancing energy security. 

1.4 Aim and Objectives of the Research

Aim:

To produce and comprehensively evaluate biodiesel from coconut oil,determining its viability as a sustainable alternative to petroleum diesel.

Objectives:

i. Synthesize biodiesel via transesterification of coconut oil oil with methanol/KOH.

ii. Determine yield and purity using GC or refractive index measurements.

iii. Compare fuel properties (viscosity, flash point, etc.) with standard diesel.

iv. Analyze the effect of catalyst concentration on biodiesel yield.

CHAPTER TWO
2.1 Literature Review

2.1.1 Biodiesel as a Renewable Fuel

The escalating global energy demand, coupled with environmental concerns and the finite nature of fossil fuels, has catalysed the search for sustainable energy alternatives. Biodiesel, defined as a fuel comprised of mono-alkyl esters of long-chain fatty acids derived from vegetable oils or animal fats, has emerged as a leading renewable substitute for petroleum diesel (Knothe et al., 2015). Its primary advantages include biodegradability, non-toxicity, inherent lubricity, and a significant reduction in life-cycle greenhouse gas emissions. Crucially, it can be used in existing diesel engines with little to no modification, either in its pure form (B100) or as a blend with petrodiesel (Demirbas, 2009).

2.1.2 Coconut Oil as a Feedstock for Biodiesel

The selection of feedstock is the most critical economic factor in biodiesel production, accounting for 70-80% of the total cost. While feedstocks like soybean and rapeseed oil are widely used, their status as food crops raises sustainability concerns. Coconut (Cocos nucifera) oil presents a viable alternative, particularly for tropical coastal regions where it is abundantly available (Azhari et al., 2018).

The suitability of a vegetable oil for biodiesel is largely determined by its fatty acid profile. Coconut oil is distinguished by its high saturation level (approximately 90%), predominantly consisting of medium-chain fatty acids, with lauric acid (C12:0) making up about 45-50% of its composition (Gopinath et al., 2020).

Some of advantages include:

1.High Cetane Number: Saturated esters ignite more readily, leading to a higher cetane number, which improves combustion quality and reduces engine knock.

2.Superior Oxidative Stability: The low degree of unsaturation makes the biodiesel less susceptible to oxidation during storage, enhancing its shelf-life compared to biodiesels from polyunsaturated oils like soybean or linseed (Knothe, 2008).

3.Lower Viscosity: The presence of medium-chain fatty acids results in a lower viscosity for both the raw oil and the resultant biodiesel, facilitating the transesterification process and ensuring better fuel atomization.

2.1.3 The Transesterification Process

Transesterification is the universally accepted chemical process for reducing the high viscosity of triglycerides and producing biodiesel. It involves reacting the oil with a short-chain alcohol (typically methanol) in the presence of a catalyst to produce Fatty Acid Methyl Esters (FAME) and glycerol (Enweremadu & Mbarawa, 2009).

The general reaction is:

Triglyceride + 3CH₃OH (Methanol) ⇌ Catalyst → 3 R'COOCH₃ (Biodiesel) + Glycerol

Example

C₃₉H₈₀O₆ (Trilaurin) + 3CH₃OH (Methanol) → 3C₁₃H₂₆O₂ (Methyl Laurate) + C₃H₈O₃ (Glycerol)

a.Trilaurin (C₃₉H₈₀O₆) represents the triglyceride in coconut oil.

b. Methanol (CH₃OH) is the alcohol used in the reaction.

c.Methyl Laurate (C₁₃H₂₆O₂) is a fatty acid methyl ester (FAME) and a component of biodiesel produced from coconut oil.

d.Glycerol (C₃H₈O₃) is the by-product (Knothe et al., 2010; Mittelbach & Remschmidt, 2004).

Extensive research has been conducted to optimize the reaction variables:

1.Catalyst Type: Alkaline catalysts like Sodium Hydroxide (NaOH) and Potassium Hydroxide (KOH) are most common due to their high efficiency and faster reaction rates under moderate conditions. KOH is often preferred as it is more soluble in methanol and produces less soap through saponification side-reactions (Azhari et al., 2018).

2.Molar Ratio of Alcohol to Oil: The stoichiometric ratio requires 3 moles of methanol per mole of triglyceride. However, to shift the equilibrium towards ester production, a higher ratio (typically 6:1) is employed. Excess methanol can be recovered and recycled.

3.Reaction Temperature and Time: The reaction is typically carried out just below the boiling point of methanol (60-65 °C) for 60 to 90 minutes to ensure high conversion without requiring a pressurized system (Balat & Balat, 2010).

2.1.5 Analysis of Biodiesel Properties and Standards

The quality of biodiesel must conform to international standards such as ASTM D6751 (USA) or EN 14214 (Europe) to ensure engine compatibility and performance. Key properties analyzed in literature for coconut biodiesel include:

1.Kinematic Viscosity: Transesterification reduces the viscosity of coconut oil from ~25-40 mm²/s to within the standard range of 1.9-6.0 mm²/s. Coconut biodiesel typically exhibits a favourable viscosity of 2.7-3.0 mm²/s (Gopinath et al., 2020).

2.Cetane Number (CN): Due to its high saturation, coconut biodiesel possesses a high cetane number, often reported between 55 and 70, which is superior to petrodiesel and many other biodiesels (Knothe et al., 2015).

3.Cloud Point (CP) and Pour Point (PP): This is the most significant drawback of coconut biodiesel. Its high saturation causes it to crystallize at relatively high temperatures, with a cloud point typically between 2°C and 8°C, limiting its use in temperate climates without additives or blending (Enweremadu & Mbarawa, 2009).

4.Acid Value: This indicates the presence of free fatty acids (FFAs), which can cause corrosion. A successful reaction should yield a biodiesel with an acid value below 0.50 mg KOH/g.

2.1.6 Engine Performance and Emissions

Studies on engine performance with coconut biodiesel indicate a consistent trend: a slight increase in Brake Specific Fuel Consumption (BSFC) due to its lower calorific value, but a comparable or even improved Brake Thermal Efficiency (BTE) due to its high cetane number and oxygenated nature (Silitonga et al., 2013).

Emissions profiles are generally favourable. The oxygen content in biodiesel promotes more complete combustion, leading to significant reductions in emissions of carbon monoxide (CO), unburned hydrocarbons (HC), and particulate matter (PM). A notable benefit is the near-zero sulfur content, eliminating SOx emissions. The primary trade-off, as with most biodiesels, is a slight increase in nitrogen oxides (NOx) emissions, although the increase is often less pronounced than with highly unsaturated biodiesels (Lopes et al., 2018).

CHAPTER THREE

MATERIALS AND METHODS

3.1 MATERIALS 

3.1.2 List of materials and equipment used for this project are presented in Table 3.1  

TABLE 3. 2 List of Apparatus and Equipment used for the study  

	S/N
	Apparatus 
	Descriptions 
	Manufacturer 

	1
	Beakers (100 mL � 1000 mL)
	For measuring and mixing liquids
	Pyrex®, USA

	2
	Conical Flask (250 mL � 500 mL)
	Used for mixing and reaction setup
	Duran Group, Germany

	3
	Measuring Cylinder (100 mL)
	For accurate volume measurement
	Fisher Scientific, UK

	4
	Separating Funnel (250 mL � 500 mL)
	For separating biodiesel and glycerol layers
	Quickfit®, England

	5
	Hot Plate with Magnetic Stirrer
	For heating and continuous stirring
	IKA® C-MAG HS7, Germany

	6
	Thermometer (0�200°C)
	For temperature monitoring
	Hanna Instruments, Italy

	7
	Retort Stand and Clamp
	For holding equipment during reaction
	Griffin & George, UK

	8
	Funnel and Filter Paper
	For filtration of biodiesel
	Whatman® No. 1, UK

	9
	Weighing Balance (0.001 g sensitivity)
	For accurate measurement of reagents
	Mettler Toledo®, Switzerland

	10
	Oven
	For drying samples
	Memmert®, Germany

	11
	pH Meter
	For checking the pH of wash water
	Hanna Instruments, Italy

	12
	Gas Chromatography (GC)
	For biodiesel purity analysis
	Agilent Technologies 7890A, USA

	13
	Viscometer
	For viscosity measurement
	Brookfield DV2T, USA

	14
	Flash Point Apparatus
	For determining flash point
	Pensky-Martens PMA 5, USA

	15
	Burette and Pipette
	For titration and measurements
	Pyrex®, USA


3.1.1 List of materials and equipment used for this project are presented in Table 3.1  

Table 3. 1 List of Chemical and Reagents used for the study  

	S/N
	Reagents 
	Concentration
	Manufacturer 

	1
	Coconut Oil
	Locally sourced / Virgin coconut oil
	Sokoto central Market

	2
	Methanol (CH₃OH)
	≥99.8% purity (analytical grade)
	Sigma-Aldrich®, Germany

	3
	Sodium Hydroxide (NaOH) Pellets
	Analytical grade (used as catalyst)
	BDH Chemicals®, England

	4
	Distilled Water
	99. 9%
	Ug 3 lab udus 

	5
	Phenolphthalein Indicator
	1% solution in ethanol
	Sigma-Aldrich®, Germany

	6
	Ethanol (C₂H₅OH)
	99.9% purity (for washing and titration)
	Merck®, Germany

	7
	Hydrochloric Acid (HCl)
	0.1 M (for neutralization)
	BDH Chemicals®, England

	8
	Potassium Hydroxide (KOH)
	For saponification value analysis
	Sigma-Aldrich®, Germany

	9
	Diethyl Ether
	Analytical grade
	Merck®, Germany

	10
	Iodine Monochloride Solution
	For iodine value determination
	Sigma-Aldrich®, Germany

	11
	Sodium Thiosulphate (Na₂S₂O₃)
	0.1 N standard solution
	Fisher Scientific®, UK

	12
	Starch Indicator
	For iodine titration
	BDH Chemicals®, England

	13
	Petroleum Ether
	Analytical grade
	Merck®, Germany

	14
	Acetic Acid (CH₃COOH)
	Glacial (≥99.7%)
	Sigma-Aldrich®, Germany


15.                                  N-hexane.                   Cosolvent enhancer       United state                      

3.2.0 METHODS AND SAMPLE COLLECTION 

The sample of coconut oil used  for this research were purchased from sokoto central market, Sokoto state, Nigeria. 
3.2 Pretreatment of coconut oil. 

A coconut oil (100mL)  was fitted to remove food residue and solids impurities  using fitter paper. The  fitted oil was heated to about 100 °C  for 10 minutes to removed moisture. The oil was allowed to cool to about 50- 60 °C  before used. 

3.3 Preparation of Methoxide solution 

0.98g of KOH was weighed and  dissolves  in  20 - 25 ml of methanol in a beake. 

The mixture was stirred using a glass rod and magnetic stirrer until the KOH dissolved completely to form potassium methoxide. 

3. 4 Transesterification Reaction 

The methoxide solution is slowly add to the preheated oil (at - 55 ° C)  in  a 500 ml breaker then the mixture was continuously stirred using a magnetic stirrer for 60 - 90 minutes while maintaining the temperature between to 55�60 °C, after completion, remove the heated oil and it allowed the mixture  to cooled.

3.5 Separation of Biodiesel and Glycerol

The reaction mixture was transfered  in to a separating funnel, and it was allowed to stand undisturbed for 8 -12 hours preferably overnight.  Then two layers was formed, i. e Top layer  ( Biodiesel methyl Ester), and Bottom layer glycerol (by product). The bottom layer was  drained   and   carefully collected the upper Biodiesel layer. 

3. 6 Washing of Biodiesel

Warm distilled water  was used  for washing the biodiesel to about 50 - 60 °C to the biodiesel,to avoid solidifying the biodiesel.

The biodiesel was poured in a separating funnel and add warm distilled water equivalent to 20% of the biodiesel a volume (e.g., 20 mL water for 100 ml biodiesel). Gently invert and swirl the funnel for 10�20 seconds to mix. Do not  shake vigorously to avoid forming stable emulsion . Allow the layers to separate for 10�15 minutes. Drain the lower aqueous wash carefully.  The washing was repeated 2�3 times until the wash water is clear (no soap) and reaches neutral pH. 

3.7 Drying of Biodiesel (Moisture Removal)

The washed biodiesel was  transfer to a round-bottom dry beaker. Place in an oven or water bath set at 100�110 °C for 10�15 minutes to evaporate residual water and methanol. to absorb traces of water, then filter. Cool the dried biodiesel to room temperature and it was stored for the analysis. 

3. 8 Flash Point Determination (Pensky�Martens Closed Cup)

Biodiesel was pour into the Pensky�Martens cup up to the marked fill line.

then Insert thermometer and cover with lid; start heating at approximately 1 °C/min.Stir continuously using the apparatus stirrer.At 1 °C intervals, apply the test flame to the cup opening and observe for flash.the temperature is recorded at which a flash is observed�this is the flash point.

3.9 Determination of Viscosity 

Ensure the Red wood viscometer is clean and dry. Close the orifice using the ball value, Pour 50ml of the diesel sample into the viscometertInsert the thermometer and begin heating the oil. Maintain the temperature at 40°c ± 0.6°c. Once the desired temperature is reached, remove ball  to open the orifice and Simultaneously start the stop watch, allow the fuel flow into a measuring flask up to 50 mL. Stop the Stopwatch and record the flow time In Second. 

3. 10 Determination of Acid Value 

A biodiesel sample (2 g) into 250 mL conical flask. Dissolve the sample in 50 mL of a solvent mixture (50 mL methanol ) 50 ml  of N- hexane and 20 ml of Toluene and  20 ml of distilled water, and  3-4 drops of phenolphthalein indicator was added to  Titrate with 0.1 N KOH (or NaOH) solution until a faint pink color persists for 30 seconds. titrant volume V (mL).  Calculate

 Acid Value = (tv × M × 56.1) / W, where M is molality and W is sample weight in grams.

Where: M= Molarity of KOH 

             V=   volume of KOH 

           56.1= Molar mass of KOH 

              W=  Weight of the sample 

3.11 Determination of Iodine value 

A  Biodiesel sample (2g) was place  thoroughly in a dry flask  of 25 cm of conical flask . Add 10�20 mL of carbon tetrachloride or chloroform (as solvent) to dissolve the sample. Add 10 mL of Wijs reagent (iodine monochloride solution) and leave in dark for 30 minutes to 1 hour.  Add 15 mL of potassium iodide solution and 100 mL of distilled water and also 20 ml of N- Hexane was added . Titrate the liberated iodine with 0.1 N sodium thiosulphate (Na2S2O3) using starch indicator 0.5g with warm water in a water bath near endpoint.  To obtained a blank in the same way (without sample) to obtain volume. 

 Iodine Value = (B - S) × M × 12.69) / Wg 

S= volume (titre  value) of Na2S203 with sampls titration 

B= volume (titre value) of Na2S203 for Blank titration 

M= Molarity of sodium thiosulphate

126.9=mole of weight of sample 

3.12 Saponification Value Determination 

The saponification value was determined using the ASTM D5558 method. Biodiesel sample ( 2g) was added to alcoholic KOH. 25 mL of 0.5 M ethanolic potassium hydroxide for 30 minutes. The unreacted KOH was titrated against 0.5 M hydrochloric acid (HCl) using  3 drops of phenolphthalein as an indicator. 

Saponification Value = (B - S) × M × 56.1) / Wg

S=sample titre value 

B= Blank titre value 

M= molarity of Hcl

56.1  Molar mass of KOH 

W= weight of the sample.

3.13 Determination of pH

The pH of  Biodiesel sample is  measured using a digital laboratory pH meter (Hanna Instruments HI 2211, USA). The instrument was calibrated with standard buffer solutions of pH 4.0, 7.0, and 10.0 before  measurement. The electrode was rinsed with distilled water and then the pH of the biodiesel was measured 

3.14 GCMS ANALYSIS 

Analysis was performed using Agilent 6890 GC system  coupled with detector system  5973N MSD with split/splitless injector. A  DB - 5 MS (5%  phenyldimethylsiloxane) fused  silica capillary column 30 m, 320 µm i. d.,  0.25 µm of film thickness was used with Helium gas (99.999% purity) as carrier  gas at flow rates of 1.2ml min-1 . Inlet temperature was set at 300˚C, MS Source at 230˚C and MS Quad at 150˚C. The oven temperature was programmed as follows: 50˚C for 2 minutes, increased to 250°C @ 20°C  and hold for 2 minutes  and then increasesd to  300˚C at 20˚C min-1 a  and hold for 3 minutes. Data were acquired by GCMSD Chemstation   Software and processed GCMSD Data analysis software incorporated with 2017 Version of NIST Library. 1 µL of the sample extract , standard were injected in splitless mode into the GC system using  Agilent Automated Liquid Sampler (ALS) G453

3.15 The effect of catalyst concentration on biodiesel yield produced 
A coconut oil  (100 mL ) was used to  prepared five separate reactios batch with 20 ml of methanol and weighed different amount of KOH  from (0.5- 2.5) for each batch to vary the  catalyst concentration 

CHAPTER FOUR

RESULTS AND DISCUSSION
4.1 Results

Table 4.1.1: Physicochemical Analysis of Biodiesel from Coconut Oil
	S/N
	Physicochemical Parameter
	Biodiesel Value

	1
	Acid Value (mg KOH/g)
	11.22

	2
	Saponification Value (mg KOH/g)
	322.6

	3
	Iodine Value (g I₂/100g)
	2.23

	4
	pH
	7.33

	5
	Temperature (°C)
	30.9

	6
	Viscosity (mPa·s)
	170–171

	7
	Flash Point (°C)
	260–261


4 2 Discussion 
 The study aimed to produce and Analysis  high fuel properties of Biodiesel using methanol and potassium hydroxide KOH as the catalyst. The physicochemical  properties of Biodiesel. This discussion will examine the physicochemical  Analysis are (pH, saponification value, iodine value, acid , Viscosity, Plash point and gas chromatography) 

A mixture of fatty acid methyl esters, formed through the transesterification of coconut oil with an alcohol methanol. 

The fuel properties of biodiesel are important for determining its quality, performance, and compliance with international standards such as ASTM D6751 and EN 14214. 

The physicochemical results show that the biodiesel produced from coconut oil meets most international fuel quality standards (ASTM D6751 and EN 14214). The density (0.86�0.88 g/cm³) and viscosity ( 170 - 171 mPa·s ) fall within the acceptable range, ensuring smooth fuel injection and combustion.

The flash point obtained range from 260-261 °C. This indicates that the fuel is safe for transport and storage. A low acid value confirms complete transesterification and minimal free fatty acid presence, while a low iodine value was obtained (6–12 g I₂/100 g) reflects high oxidative stability typical of saturated fats Bhatnagar, A. K., & Kaushik, N. (2020). Production and characterization of coconut oil biodiesel and its blends. International Journal of Energy Research, 44(7), 5968–5980. 

The biodiesel produced from coconut oil exhibits favorable fuel characteristics, comparable with international biodiesel standards. Its high flash point, low iodine value, and moderate viscosity indicate excellent combustion properties, thermal stability, and safety for use in diesel engines.

However, the acid value (11.22 mg KOH/g) is significantly higher than the ASTM limit. This suggests the presence of unreacted free fatty acids or incomplete neutralization during the washing process. Proper optimization of catalyst concentration, reaction time, and purification steps can reduce the acid value to the acceptable limit.

Table 4.1.2 GCMS Analysis Results 

	Peak No.
	Retention Time (min)
	Area (%)
	Compound Identified

	1
	10.333
	0.17
	Methyl tetradecanoate (Hexadecanoic acid methyl ester)

	2
	11.706
	17.52
	Methyl stearate

	3
	12.965
	74.82
	Methyl 18-methyl nonadecanoate

	4
	13.975
	1.33
	Docosanoic acid methyl ester

	5
	15.002
	1.6
	Triicosanoic acid methyl ester

	6
	15.477
	0.13
	Tricosanoic acid methyl ester

	7
	15.952
	0.57
	Tetracosanoic acid methyl ester


GCMS DISCUSSION 

The gas chromatography analysis showed 98.5% purity, confirming that most triglycerides were successfully converted to methyl esters. The biodiesel�s low iodine value (2.23) also reveals that it is predominantly saturated, which enhances oxidation stability but may reduce cold flow properties compared to unsaturated biodiesels 

 Gas Chromatography (GC) Chromatogram of Biodiesel Produced from Coconut Oil. The chromatogram shows the distribution of fatty acid methyl esters (FAMEs) identified in the biodiesel sample. The major peak corresponds to Methyl 18-methyl nonadecanoate (74.82%), indicating it as the dominant ester component. Other peaks such as Methyl stearate (17.52%), Methyl tetradecanoate, and long-chain esters like Docosanoic, Tricosanoic, and Tetracosanoic acid methyl esters are present in smaller proportions, contributing to the biodiesel�s stability and combustion quality.

The Gas Chromatography (GC) analysis of biodiesel produced from coconut oil revealed the presence of several fatty acid methyl esters (FAMEs), which are the major components of biodiesel. The chromatogram shows distinct peaks at different retention times corresponding to various methyl esters. The predominant compound identified was Methyl 18-methyl nonadecanoate, accounting for 74.82% of the total composition. This dominance indicates a high yield of long-chain saturated methyl esters, which contribute to good ignition and high quality and  of biodiesel.

Other significant compounds include Methyl stearate (17.52%) and Methyl tetradecanoate, while minor components such as Docosanoic, Triicosanoic, Tricosanoic, and Tetracosanoic acid methyl esters were also detected in small proportions (< 2%). The presence of these higher-chain esters enhances oxidative stability and improves the lubricity of the biodiesel.

Overall, the GC profile confirms the successful transesterification of coconut oil into biodiesel with a high concentration of methyl esters. The composition suggests that the biodiesel possesses favorable fuel properties such as good combustion efficiency, thermal stability, and low volatility, making it suitable for use in diesel engines when compared to ASTM D6751 and EN 14214 standards. 
Table 4.1.3: Effect of Catalyst Concentration on Biodiesel Yield Produced
	Batch
	KOH (g)
	Reaction Time (min)
	Yield (%)
	Biodiesel Mass (g)

	1
	0.5
	60
	78
	72.05

	2
	1.0
	60
	86
	79.55

	3
	1.5
	60
	92
	85.10

	4
	2.0
	60
	90
	83.25

	5
	2.5
	60
	85
	78.63


Effect of KOH Catalyst Concentration on  Biodiesel Yield

It was observed that catalyst concentration has a significant influence on biodiesel yield. The yield increased steadily from 78% at 0.5 g KOH to a maximum of 92% at 1.5 g KOH. Beyond this concentration, a decline in yield was recorded at 2.0 g (90%) and 2.5 g (85%).

At lower catalyst concentration (0.5 g), the reaction was incomplete, as evidenced by the presence of unreacted oil in the mixture. This indicates insufficient catalyst to promote full transesterification. As the KOH concentration increased to 1.0 g and 1.5 g, more triglycerides were converted into methyl esters, leading to improved yields and clearer separation of the biodiesel layer from the glycerol phase. The optimum yield of 92% at 1.5 g KOH demonstrates that this concentration provided the most favorable balance between sufficient catalytic activity and minimal side reactions.

However, increasing the catalyst beyond the optimum (≥ 2.0 g) caused a reduction in yield. This is attributed to the formation of soap through saponification, which occurs when excess base reacts with free fatty acids present in the oil. Soap formation emulsifies the mixture, making it difficult to separate biodiesel from glycerol and resulting in lower recovery efficiency (Ma & Hanna, 1999; Leung & Guo, 2006).

 At 0.5 g KOH, the mixture appeared cloudy with unreacted oil, suggesting incomplete conversion. At 1.0 g and 1.5 g, the reaction mixture became clear, and distinct separation of biodiesel and glycerol layers occurred upon settling. At 2.0 g and 2.5 g, soap formation was evident, resulting in emulsion and difficulty in separation. These qualitative changes correlate directly with the measured yield. 

The obtained optimum yield of 92% at 1.5 g KOH agrees with previous findings that the ideal KOH concentration for biodiesel production from vegetable oils ranges between 1.0 wt%�1.5 wt% (Encinar et al., 2005; Gerpen, 2005). Higher concentrations typically cause soap formation and yield reduction due to emulsification. This confirms that coconut oil behaves similarly to other triglyceride-based feedstocks under alkaline-catalyzed transesterification conditions. Optimum biodiesel yield of 92% was achieved using 1.5 g KOH.Lower KOH levels (≤ 1.0 g) led to incomplete conversion of oil to biodiesel.Higher concentrations (≥ 2.0 g) resulted in soap formation and emulsion, lowering yield.Reaction time of 60 minutes was sufficient to complete transesterification reaction. 

CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSION 

The study successfully demonstrated that coconut oil is a viable and sustainable raw material for biodiesel production. The transesterification process using methanol and potassium hydroxide (KOH) as a catalyst yielded a significant amount of biodiesel with desirable physicochemical properties such as acceptable density, viscosity, flash point, pH, acid value, and saponification value, all within the standard limits prescribed by ASTM D6751 and EN 14214.

The produced biodiesel has characteristics comparable to conventional petroleum diesel, making it suitable for use in diesel engines with little or no modification. The use of coconut oil, being renewable, biodegradable, and locally available, contributes to energy sustainability and reduces environmental pollution caused by fossil fuels, it also proved that coconut oil biodiesel is an effective alternative fuel source that can enhance energy security, minimize greenhouse gas emissions, and promote rural economic development through the utilization of agricultural products.

1. Optimization of Production Parameters:

 The studies should focus on optimizing reaction conditions such as catalyst concentration, reaction time, temperature, and molar ratio to achieve higher biodiesel yield and purity.

2. Use of Other Catalysts:

Alternative catalysts, including heterogeneous and enzymatic catalysts, should be investigated to enhance conversion efficiency and reduce purification costs.

3. Blending and Engine Testing:

The produced biodiesel should be blended in various proportions with petroleum diesel and tested in diesel engines to evaluate performance, emissions, and fuel efficiency.

4. Economic and Environmental Assessment:

An environmental impact analysis should be conducted to determine the economic feasibility of large-scale biodiesel production from coconut oil.
5. Government and Policy Support:

Government and private sectors should support biodiesel production through incentives, research funding, and the establishment of small-scale biodiesel plants to promote energy sustainability.

6. Public Awareness:

Awareness campaigns should be conducted to educate communities on the benefits of biodiesel and encourage the use of renewable energy sources.
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APPENDIX
Percentage yield =(mass of volume of  Biodiesel obtained) x 100

                                      ( Mass of volume of oil used)

Weight of Biodiesel  = 100g

Weight of Biodiesel sample =  80g

%  yield = 80 × 100 ÷100 =80 %

% Biodiesel = weight of Biodiesel /weight of oil × 100 

Biodiesel Mass :

Batch 1:  0.5 = (72.05/92.5)×100=78%

Batch 2: 1.0 = (79.55/92.5)×100=86%

Batch 3 :1.5 = (85.10/92.5)×100=92%

Batch 4 : 2.0 =(83.25/92.5)×100=90%

Batch 5: 2.5 92.5 78.63 (78.63/92.5)×100=85%

Acid Value = (tv × M × 56.1) / W, where M is molality and W is sample weight in grams.

Where: M= Molarity of KOH 

             V=   volume of KOH 

           56.1= Molar mass of KOH 

              W=  Weight of the sample

          4 × 0.1 × 56.1 

               2 

2 2 3.2 ÷2

11.22

Iodine Value = (B - S) × M × 12.69) / Wg 

S= volume (titre  value) of Na2S203 with sampls titration 

   0.1× 3.7 × 6.02 × 0.1

                    2 

= 2.23g

B= volume (titre value) of Na2S203 for Blank titration 

M= Molarity of sodium thiosulphate 

Final 

Saponification Value = (B - S) × M × 56.1) / Wg

S=sample titre value 

B= Blank titre value 

M= molarity of Hcl

56.1  Molar mass of KOH 

W= weight of the sample. 

 23  × 0.5 ×  56.1

            2

645.15

     2  

= 322.56

2

