
 

Utilization of Cashew Seed Oil Methyl Ester in Compression Ignition Engines, and 

its Engine Performance 

 

Otu, F.I 1,a  ;  Otoikhian,  S.K. 2,b
;
  Anakhu, A.E.2,b and Diamond,  B.3,c 

1Department of Mechanical Engineering, Federal University of Technology, Akure, Nigeria 
2Department of Chemical Engineering Technology, School of Engineering Technology, Auchi 
Polytechnic Auchi, Nigeria 
3Department of Mechanical Engineering Technology, School of Engineering Technology, 
Auchi Polytechnic Auchi, Nigeria 

a otufrancis42@yahoo.com ;  bkev4za@yahoo.com. ; cebobless@yahoo.com 
 

ABSTRACT 

Methyl ester, also called biodiesel, is an alternative fuel for diesel engine that is produced from 

renewable agricultural products. Biodiesel is an alkyl ester obtained from vegetable oils, waste 

cooking oils or animal fats via transesterification process. The three types of fuels used for the 

tests are pure biodiesel (BIOO), blended Biodiesel (B20), which is a 20 percent mixture of 

biodiesel with 80 percent diesel fuel, as well as pure diesel fuel (100%) derived from crude 

petroleum. The characterized fuels were utilized in a compression ignition engine to determine 

their torque, power brake mean effective pressure and specific fuel consumption 

characteristics. From the test results obtained, the cashew seed oil methyl ester can be used in 

diesel engines as a substitute fuel. The results of this study were quite encouraging.  

Keywords: Cashew Seed Oil Methyl Ester, Engine Performance, Torque, Power, Brake Mean 
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INTRODUCTION 

Biodiesel also known as methyl esters is an alternative fuel for diesel engines that is produced 

from renewable agricultural products. 

Biodiesel is an alkyl ester obtained from vegetable oils, animal fats or waste cooking oil via a 

method. Known as transesterification (1). Biodiesel can be mixed with diesel fuel in any 

proportion or used as a pure diesel fuel (B100). Blended biodiesel, such as B20, is a 20 percent 

mixture of biodiesel with 80 percent diesel fuel (11). Most engine manufacturers have added 

warranty statements incating that biodiesel can be used in their engines. For instance, John 

Deere and Caterpillar Offer engine warranties that allow small percentage blends of biodiesel 

(B2 and B5) to be utilized. That notwithstanding, the fuel must meet ASTM D6751 and 

EN14214 specifications (9). 
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Performance of any fuel can be judged by the fuel power and torque output that it can generate. 

Biodiesel has a higher Cetane number than conventional diesel, but has a lower energy content 

per volume (10). Because of the lower energy contents using biodiesel without any change in 

the fuel injection system would result in a slight loss of engine power. Numerous studies have 

been undertaken to test these theoretical results. It should be noted that power and torque is 

difficult, if not impossible, to accurately measure in-use. Therefore, power testing has occurred 

in controlled laboratory environments with specific duty cycles that are designed to stress 

engines. For example, the 200 hours Engine Manufacturers Association (1) test includes 

significant time where the tested engine is operating at full throttle. 

However, the results of various studies have not been uniform studies indicate that the amount 

of power loss may be influenced by various factors, such as the engine make, overall 

maintenance of the vehicles type of diesel used as base fuel, and condition of the air filter. B20 

biodiesel users may or may not experience this loss of power, whereas people using B100 

biodiesel may feel a loss of power. (12, 6, 8, 7) and Marshall (5) observed power reductions 

ranging from one to seven percent. Schumacher observed a three percent increase in power 

using a 1991 Cummins 5.9L direct injection (DI) turbocharged engine. Increase power was 

also observed by Feldman and Peterson (2) during a 200 hours EMA test using a 3 cylinder 

direct injection (DI) naturally aspirated diesel engine with the injection timing advanced 2 

degrees. 

MATERIALS AND METHOD  

Materials and Equipment 

The cashew seed oil was extracted from cashew nuts using a hydraulic press. This oil was 

Transesterified into methyl ester using methanol (analytical reagent grade) and sodium 

hydroxide which were procured from paschal scientific limited at Akure. A flat bottom flask 

was used as laboratory scale rector for the experimental studies in this work, and a hot plate 

with magnetic stirrer arrangement was used for heating the mixture in the flask. 

Base – Catalyzed Transesterification 

The cashew seed oil was poured into the reaction flask and heated to the required temperature. 

Calculated amount of sodium hydroxide was added to the methanol. The solution of sodium 

hydroxide and methanol mix was added to the heated cashew seed oil. Constant stirring speed 

was maintained as the transesterification reaction was in progress. After the reaction, the 

mixture was transferred into a separating funnel and allowed to settle for 24hours. The top layer 

which forms the methyl ester was separated from the bottom layer which forms the glycerol. 

The methyl ester was washed using 10% warmed distilled water by volume and 1gramme of 



tannic acid. The methyl ester was heated slowly to 100o
C and maintained for 20 minutes to 

evaporate any remaining water in the fuel. The biodiesel was allowed to cool to room 

temperature and filtered to 5 micrometer. 

Gas Chromatography Analysis 

The fatty acids composition of the cashew seed oil, B100 biodiesel, B20 biodiesel and diesel 

were determined using gas liquids chromatographic analysis. The chromatographic analysis 

was made using Hewlett Packard Model 6890 chromatograph. A capillary column 30m length 

and 530µm inner diameter packed with Apiezon was used. Detector temperature, injection 

temperature and the column temperature were 280o
C 300

 o
C and 

100 to 240 o
C at 15 oC / min, respectively. 

Characterization of the Biodiesel 

The cashew seed oil methyl ester produced in this study was characterized in relation to the 

standard methods established by ASTM D6751 and EN 14214. Biodiesel properties such as 

density, kinematic viscosity (4) refractive index, flash point, could point (11), pour point, acid 

value, saponification values, carbon residues and higher heating value were carried out. 



Engine Performance Tests 

Engine performance tests were carried out using a diesel engine stationary test bed. The tests 

that were preformed were developed torque, developed power, brake mean effective pressure 

and fuel economy. The engine parameters that were evaluated were the load, speed, fuel 

consumed and time. 

Materials 

The following materials were used for the engine performance tests: the engine test bed; petrol 

diesel fuel; and B100 cashew seed oil methyl ester, B20 cashew seed oil methyl ester and 

regular diesel fuel. 

Engine Test Bed Specifications 

The specifications of the engine are as follow. Nominal power output is 6KW @ 850 rev/min, 

bore is 114.3mm, stroke is 139.7mm and the swept volume is 1.433litres. The cylinder head of 

the engine has been modified to accept a Mailiak indicator valve. 

Results and Discussion 

The physicochemical and fuel properties of the cashew seed oil, its methyl ester and diesel are 

shown in Table 1. 

Table 1:  Properties of cashew seed oil (cso), its methyl ester (B100 CSOB) and Blends (B20 

CSOB) as well as petrol diesel to ASTM D6751-02 and EN14214. 

S/No Property Units CSO B100 

CSOB 

B20 

CSOB 

Petrol 

Diesel 

1 Density  Kg/m3 902.7 874.2 856.4 850.8 

2 Kinematic  

Viscosity  

mm2/s 54.92 4.81 3.12 2.62 

3 Refractive 

index 

 1.466 1.340 1.481 1.480 

4 Flash point 0C 16.7 136 89 68 

5 Cloud point 0C 20 6 9 -12 

6 Pour point 0C 13 1 5 -20 

7 Acid value mg 

KOH/G 

4.56 0.37 0.37  

8 Saponification 

Value 

mg 

KOH/G 

171.11 187.94 165.50 159.89 

9 Carbon residue %wt 0.17 0.07 0.02 0.03 



10 Higher heating 

value 

MJ/Kg 40.50 40.40 44.85 45.90 

 

The above results are within the limits of ASTM D6751 and EN 14214. Hence they met ASTM 

and EN standard specifications. The physicochemical and fuel properties composition of 

biodiesel fuel makes complete combustion in diesel engines possible as well as a decrease in 

the emission of visible gas pollutants in relation to regular diesel fuel. 

Engine Torque 

The values obtained for the engine torque development (Nm) and the engines speed (rpm) were 

used to plot the curves of engine torque developed (Nm) against engine speed (rpm) as shown 

in Figure 1 for B100 cashew biodiesel and pure diesel. 

 

Figure 1:  Variation of engine torque with engine speed for cashew biodiesel and petrol diesel. 

Power: The values obtained for the power developed (KW) and the engine speed (rpm) were 

used to plot the curves shown in Figure 2. 



 

Figure 2: Variation of power with engine speed for cashew biodiesel and petrol diesel. 

Brake Mean Effective Pressure 

The values obtained for the brake mean effective pressure (KN/m2) and the engine speed (rpm) 

were used to plot the curves shown in Figure 3. 

 

 

Figure 3:  Variation of brake mean effective pressure with engine speed for cashew biodiesel 

and petrol diesel. 

Specific Fuel Consumption 

The values obtained for the specific fuel consumption (L/KW.hr) and engine speed (rpm) were 

used to plot the curves shown in Figure 4. 



 

Figure 4: Variation of specific fuel consumption with engine speed showing the specific fuel 

consumption characteristics for cashew biodiesel and petrol diesel.  

The maximum torque developed by diesel fuel is 143Nm which is higher than the 126Nm 

developed by B100 cashew biodiesel while the peak power developed by diesel is 5.64KW and 

that for B100 cashew biodiesel is 5.47KW. The percentage reduction in power developed from 

that of petrol diesel to B100 cashew biodiesel is 3.11%. The maximum brake mean effective 

pressure for the diesel fuel was 662KN/m2 while that for B100 cashew biodiesel is 583KN/m2. 

The specific fuel consumption is an important criterion for measuring the internal combustion 

of engines. The maximum value for the diesel is 0.55L/KW.hr while that for B100 cashew 

biodiesel is 0.52L/KW.hr from the above results; the speed range for the biodiesel is higher 

than the speed range for diesel. Moreover, the specific fuel consumption range for the diesel is 

higher than that for the B100 cashew biodiesel. 

Conclusion 

Cashew seed oil methyl ester has lower energy content than diesel. As a result of this, diesel 

engines using the cashew seed oil methyl ester will require more fuel to produce the same 

power as petroleum diesel fuel. Cashew seed oil methyl ester has been established as a 

renewable and an alternative fuel for diesel engines. 
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