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ABSTRACT 

This study investigated the effectiveness of shea butter biodiesel as fuel for compression ignition engine. Acid-base 

catalyst transesterification method was used to produce the biodiesel from the shear butter oil. The density and 

viscosity were found to be 893 kg/m
3
 and 4.35 mm

2
/s, respectively. Single cylinder four stroke 165F compression 

ignition engine was used to examine the engine performance. The results have shown that, the brake thermal 

efficiency (30.9%.) decreases with an increase in engine load, while the specific fuel consumption (300 kWh) 

increases with an increase in engine load. On the other hand, the brake power (30.9 W) increases with an increase in 

engine load while the air/fuel ratio (22.5) decreases with an increase in engine load. Gas analyzer was used to 

determine exhaust gases emitted when shea butter biodiesel was used as fuel. From the results, the amount of 

nitrogen dioxide (NO2) emitted was 3.8 ppm and hydrocarbon (HC) was 2.5 ppm, while that of carbon-monoxide 

(CO) was 18 ppm. The study revealed that the performance (brake power and specific fuel consumption) of the 

engine using shea butter biodiesel increases with an increase in engine load. 

Keywords:  Shea butter oil, Methanol, Single cylinder; Compression ignition engine. 

 

1.0 INTRODUCTION 

 

Energy is inevitable to human life and a secure and 

accessible supply of energy is crucial for the 

sustainability of modern societies. According to 

Sambo (2005), energy is an essential ingredient for 

socio-economic development and economic growth.  

The demand for petroleum is increasing and this may 

be attributed to the drastic increase in the population 

of the world as well as limited resources of petroleum 

crude. 

Fossil fuel reserves are depleting and predominantly 

the developed countries are employing nuclear power. 

The enormous amount of energy consumed across the 

world through fossil fuels and nuclear power have 

adverse implications on the ecosystem of the planet. 

Environmental threats from exhaust gasses and global 
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warming have generated an international interest in 

research work that leads to optimal extraction of large 

amounts of energy from renewable sources such as 

biodiesel that would be able to replace or reduce this 

large dependence on petroleum as a source of energy.  

The advantages and disadvantages of biodiesel as an 

alternative diesel fuel have been efficiently 

documented (Erhan et al., 2008; Graboski & 

McCormick, 1998; Knothe & Dunn, 2001, 2005). One 

major disadvantage is the performance of biodiesel in 

cold weather which may compromise its year-round 

commercial viability in moderate temperature 

climates. Although field studies on cold weather 

performance are scarce, there is evidence that soybean 

oil fatty acid methyl esters (SME) develop operability 

issues as ambient temperatures approach 0-2ºC. In 

contrast, petrodiesel develops similar problems at a 

significantly lower temperature range, typically 

between -16 and -20ºC. 

Biodiesel is been chosen as one of the solutions to this 

energy crisis due to the fact that it is renewable, 

sustainable, non-toxic and more environmentally 

friendly compared to the conventional petroleum 

based fuels. A variety of oils can be used to produce 

biodiesel. These include: virgin oil, waste vegetable 

oil, animal fats, algae and sewage to mention a few. 

This research work used shea butter oil as the 

feedstock for biodiesel production due to it 

availability. 

Shea Butter nuts are about 3 grams in weight. Shea 

seeds germinate easily when fresh but lose this ability 

quickly. Trees raised from seed mature very slowly, 

bearing their first fruits after 12-25 years and taking 

30-50 years to achieve full productivity, The Shea tree 

blooms from June to July (Lost crops of Africa, 

2006). 

Shea occurs in the southernmost parts of the Sahel and 

adjacent to Sudan and Guinean savannas. Senegal is 

the western extent of its range. Dense stands are found 

from Guinea through Mali, Burkina Faso, and Niger. 

The trees also occur in Guinea Bissau, Sierra Leone, 

Côte d’Ivoire, Ghana, Togo, and Benin as well as 

Nigeria and Cameroon. East of this region, there are 

scattered occurrences across Central Africa from Chad 

through Sudan to far-western Ethiopia, Uganda, and 

Congo.  

The idea of using vegetable oil for fuel has been 

around as long as the diesel engine. Rudolph Diesel, 

the inventor of the engine that bears his name, 

experimented with fuels ranging from powdered coal 

to peanut oil (Anthony, 1998). 

Vegetable oil has very high viscosity for use in most 

existing diesel engines as a straight replacement fuel 

oil. There are a number of ways to reduce the 

viscosity of vegetable oils. These are Pyrolysis; 

micro-emulsification and transesterification. One of 

the most common methods used to reduce oil 

viscosity is called transesterification. This process 

results in the production of a fuel comprised of mono-

alkyl esters of long chain fatty acids called biodiesel. 

Biodiesel is the most widely accepted alternative fuel 

for diesel engines due to its technical, environmental 

and strategic advantages (Enweremadu1 et al., 2011). 

Biodiesel has enhanced biodegradability, reduced 

toxicity and improved lubricity in comparison with 

conventional diesel fuels. Biodiesel is a promising 

alternative to crude oil-derived diesel fuels because it 

is renewable, significantly reduces particulate matter, 

hydrocarbon, carbon monoxide and life cycle net 

carbon dioxide emissions from combustion sources 

(Yuan et al., 2009). The transesterification is further 

categorized into two base catalyst transesterification 

and acid and base catalyst transesterification methods.  
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Enweremadu and Alamu (2009), Eze and Ejilah 

(2010), Bello and Mamman (2015) and Canakci and 

Van Gerpen (2007) all used acid and base 

transesterification methods to convert shea butter oil 

and other vegetable oil into biodiesel and it was 

successfully. Jude and Benjamin 2007, on their 

research work transesterified sheabutter as one of the 

vegetable oil with high free fatty acid using direct 

base catalyst transesterification method.  

 

 

2.0 MATERIALS AND METHODS 

 

2.1 Materials 

Shea butter oil, potassium hydroxide, methanol, 

sulphuric acid, distilled water, a 3.26 hp single 

cylinder four stroke 165F compression ignition engine 

incorporated with a 1.25 kVA Honda e 1500 AC 

dynamometer, a microprocessor based engine exhaust 

gas analyzer, a pilot plant incorporated with catalyst 

vessel, vegetable vessel, mixing tank/separation tank, 

washing unit and biodiesel vessel with a thermometer 

on each vessel.  

2.2 Methods  

2.2.1 Base Catalyst Method (Alkaline Catalyst 

Method): Base catalyst method (Alkaline Catalyst 

Method) was initially used to produce biodiesel from 

Shea butter oil. 13 litres of shea butter oil was first 

heated to 40
0
C and then sieved to remove un-

dissolved solid particles. The sieved oil was heated in 

vegetable oil vessel to 120
0
C to remove water that 

was present in the oil and allowed to cool down. 

Refined shea butter oil was mixed with methanol in 

accordance with Enweremadu and Alamu (2009). 

About 5.3745 g of calcium hydroxide (KOH) was 

dissolved in every 120 cm
3
 of methanol in the catalyst 

vessel and stirred for 15 minutes until the solution 

dissolved completely. The refined shea butter oil at 

65°C was then mixed with methanol in the catalyst 

vessel. The two mixtures were stirred for one hour and 

finally allowed to settle for 24 hours. In this method, 

the mixture of shea butter oil and methanol started 

solidifying at 3 days, which means no biodiesel was 

formed. Therefore this method yielded no result. 

2.2.2 Acid and Base Catalyst Method: 10 litres of shea 

butter oil was first heated to 40
0
C and then sieved to 

remove undissolved solid particles. The sieved oil was 

then heated to 120°C to remove water that was present 

in the oil and allowed to cool down.  5% of Sulphuric 

acid was dissolved in 680ml of methanol (40% of 

methanol is required to complete the 

transesterification reaction). The solution of sulphuric 

acid and methanol was poured inside the catalyst 

vessel on pilot plant. The refined shea butter oil was 

then maintained at 65°C and passed into mixing tank 

while the dissolved sulphuric acid was also run from 

catalyst container into the mixing tank. The mixtures 

were stirred for one hour and allowed to settle for two 

hours for the ester to be separated from water. 8500 

ml of esterified oil and water at the bottom of the 

mixing tank were formed.   

The esterified oil was then heated to 65°C and mixed 

with a solution of 1020 ml of methanol which 

contained 45.68 g of dissolved calcium hydroxide 

(KOH) and stirred for one hour and allowed to settle 

for 24 hours. Two layers were then formed, biodiesel 

at top and glycerol at bottom. The biodiesel was then 

separated through decantation and finally washed with 

distil water three times.  
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2.2.3 Physico-Chemical Properties of Shea Butter 

Biodiesel: The physico-chemical properties of shea 

butter biodiesel were determined according to the 

recommended American Society of Testing and 

Materials (ASTM D-6751-06)  and EN 14214 

standards   at Kaduna Refinery and thermo-fluid 

laboratory, Mechanical Engineering Department, 

Bayero University, Kano. The results are shown in 

table 2 and 3. 

2.2.4 Engine performance and exhaust gas 

emission test for shea butter biodiesel: the engine was 

started by cranking after ensuring that there was no 

load and allowed to run with diesel fuel at various 

load for 10minutes to attain a steady state. Diesel fuel 

was then replaced by shea butter biodiesel. The load, 

speed and temperature indicators were all switched 

on. The engine was run at 1500 rev/min for 10 

minutes. Load/torque was applied gradually at 9, 11, 

13, 14, 15, 16 nm respectively by adjusting the knob, 

which was connected to the dynamometer.  The speed, 

pressure, engine temperature, exhaust temperature and 

time taken to consume 8 ml of fuel were all recorded 

for each torque. The results obtained from the 

experiments were used to calculate the brake power, 

specific fuel consumption, air/fuel ratio and brake 

thermal efficiency. 

The exhaust gas analysis of shea butter biodiesel fuel 

was carried out on a single cylinder diesel engine with 

engine torque/load at 9, 11, 13, 14 and 15 Nm. The 

amount of NO2, CO and hydrocarbons (in ppm) were 

measured at each load with ID Crowcon single gas 

analyzer.  

 

3.0 RESULTS AND DISCUSSION 

3.1  Results 

The physico-chemical properties of the Shea butter 

biodiesel produced and some major fuel properties are 

shown in Tables 1 - 2 respectively. The engine 

performance and exhaust gas analysis results are 

presented in figure 1-7. 
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Table 1: Physico-chemical properties of the shea butter 

biodiesel produced 

Properties Value 

Specific gravity at 35°C 0.8930 

Saponification value (mg KOH g-1) 172 

Acid value (mg KOH g-1) 0.26 

Cetane index 54.19 

Cetane number 55.69 

Heating value (MJ kg-1) 38.1 

Iodine value (I2 g 100 g-
1
) 99.3 

 

 

 

Tables 2: Fuel Properties of Shea Butter Biodiesel 

Properties Values 

Specific gravity 0.8930 

Caloric value (kJ/kg) 38134.2 

Fire point 
0
C 190 

Flash point 
0
C 169 

Kinematic viscosity 

(mm
2
/sec) 

4.35 

Cloud point 
0
C 7 
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Figure 1: Variation of Brake Thermal Efficiency with 

Torque 
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Figure 2: Variation of specific fuel consumption with 

Torque 
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Figure 3: Variation of brake Power with Torque 
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Figure 4: Variation of Air/Fuel Ratio with Torque  
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Figure 5: Variation of Nitrogen oxide with Torque  
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Figure 6: Variation of Carbon monoxide with Torque  
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Figure 7: Variation of hydrocarbon (HC) with Torque  

 

3.2   Discussion of Results 

3.2.1 Production of Shea Butter Biodiesel: The 

transesterification of shea butter oil using base 

catalyst alone yield no result, the reason for this 

outcome was that the shea butter oil has high Free 

Fatty Acid of 25 mg KOHg
-1

.  The effect of this high 

free fatty acid led to incomplete transesterifaction 

reaction. Canakci and Van Gerpen (2007), also 

reported the effect of this high free fatty acid in their 

research work. 

The transesterification of shea butter oil with acid and 

base catalyst method in this research work yielded a 

biodiesel of  kinematic viscosit 4.35 mm
2
 s

-1
,  density 

893 kg/m
3
, cetane number 55.69 and  heating value 

38.10MJ/kg which are within the acceptable range of 

ASTM D6751 and EN-14214.  

Therefore the best method of transestrified a vegetable 

oil or any oil with FFA exceeding 2% is to be 

pretreated with acid catalyst repeatedly until it FFA is 

less than 2% before transesterified it with base 

catalyst method. These processes are called acid and 

base catalyst transesterification method. Canakci and 

Van Gerpen (2007),   

This acid and base catalyst transesterification reaction 

were also recommended by many researchers for 

transesterification of vegetable oil of high free fatty 

acid, (Tiwari, 2007), (Fakuda et al., 2001), Ramadhas 

et al. (2005).  

Figure 1 shows that, for biodiesel B100, the brake 

thermal efficiency decreases with an increase in 

engine load. McCormick, et.al, (2007); Patel, N. K. 

and Singh, R. N. (2014), look at  the variation of the 

brake thermal efficiency with engine speed. The result 

shows that, the brake thermal efficiency of biodiesel 

increases with increase in engine speed. Mahesh, .et 

al., (2012); Nwafor, (2004)  reported that higher brake 

thermal efficiency  indicates that,  the chemical energy 

of the fuel was effectively converted to mechanical 

energy.  

Figure 2 shows that, as the load increases the specific 

fuel consumption also increases. This signifies that for 

fuel economy it is better to use biodiesel at low engine 

load as recommended by Nwafor (2004).  

Figure 3 shows that, brake power increases as engine 

load increases from 9 Nm to 13 Nm. Hence useful 

power was available for work at 13 Nm because large 

amount of energy was transferred to the shaft to 

improve mechanical power output. This conclusion 

was in line with the work of Nato et al., (2003). 

3.2.5  Air/Fuel Ratio 

The result in figure 4 shows that, air/fuel ratio 

decreases with an increase in engine load. This was 

attributed to all internal combustion (IC) engines. 

Since air/fuel ratio reduces with increase in load 

(torque), this may be the cause of high production of 

fumes and increase in engine noise when using 

biodiesel.  
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From figure 5, it was observed that the amount of 

nitrogen oxide emitted increases as the load increases. 

This is attributed to the fact that, as the load increases, 

the amount of fuel consumed and the nitrogen oxide 

emitted also increases. 

Figure 6 and 7 show   the results of carbon monoxide 

(CO) and hydrocarbon (HC) emitted as the engine 

load was increased. The presence of oxygen in 

biodiesel improves combustion and therefore reduces 

the amount of hydrocarbon and carbon monoxide 

emitted. In general, the use of biodiesel in CI engine 

reduces the CO emission in accordance with U.S. 

Environmental Protection Agency, (2002) and 

Candeia et al. (2009).  

 

4.0 CONCLUSION 

 

The acid – base catalyst transesterification of Shea 

butter oil yield a better result compared to base 

catalyst transesterification method.  

 It was found that the engine performance (brake 

power and  specific fuel consumption) of the biodiesel 

engine increases with an increase in engine load. 

The use of biodiesel as fuel in compression ignition 

engine increases the amount of gases (NO2, CO and 

HC) emitted with an increase in engine load. 
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