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ABSTRACT 

 
Transesterification process parameters can influence the quality of biodiesel produced from seed oils. 
The effects of selected process parameters were studied on the Cetane Number (CN) and Higher 
Heating Value (HHV) of Parinari polyandra biodiesel were studied using Response Surface 
Methodology (RSM). A two-level Box-Behnken Design (BBD) of RSM was applied to model and optimize 
the transesterification reaction for best CN and HHV. The study parameters, temperature (60 – 75 oC), 
time (60 – 180 minutes), and catalyst concentration (1 – 3 wt%) were studied in a seventeen 
experimental run using ethanol as the alcohol. The fuel properties, CN and HHV were found to be within 
the ASTM limits and very similar to that of diesel, making the biodiesel suitable for engine applications. 
The best CN and HHV values, which correspond to the highest values of 65.5 and 46.2 MJ/kg, were 
obtained experimentally from reaction with applied parameters of 67.5 oC temperature, 60 minutes 
reaction time, and 1 wt% of catalyst concentration. Optimized reaction conditions were validated to 
obtain optimal quality values of 65.3 and 46.5 MJ/kg for CN and HHV under experimental conditions 
set of 62.25 oC temperature, 61.15 minutes reaction time, and 1.58 wt%. The study presents the 
capability of RMS in predicting important fuel qualities of Parinari polyandra biodiesel, which are 
mostly needed for better performance and combustion in diesel engine applications, 
. 
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1. INTRODUCTION 
 
Optimization and predictive studies using intelligent and robust algorithms can be employed to achieve 
maximum biodiesel production from oil extracted from seed bearing plants. Optimization is a powerful 
tool which is being used in process and control integration for the development of simulations and 
predictions that best satisfy a solution for maximum response function [1]. Optimization of biodiesel 
production process has been carried out in many ways for the purpose of achieving high and quality 
biodiesel yields at moderate reaction conditions [2]–[11]. In order to meet up with high demands for 
biodiesel fuel, both local and industrial production of biodiesel must be improved for high and quality 
biodiesel yields. Different researchers have shown that the properties of non-edible oil biodiesel may 
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vary significantly depending on their chemical compositions and fatty acid compositions, which give 
obvious effect on engine performance and emissions [12]–[15]. Therefore, when considering a 
specific non-edible biodiesel, a measurement of its properties is required. Even though biodiesel has 
similar physical and chemical properties with fossil diesel fuel, biodiesel properties can sometimes be 
superior because the former has higher flash point, low sulphur concentration, better lubricating 
efficiency, and better cetane number [16]–[18]. The ASTM standards for biodiesel comparison with 
petroleum-based diesel is shown in Table 1. 
 
 The physicochemical (fuel) properties of biodiesel are similar to those of fossil diesel fuels. Biodiesel 
fuels are characterized by their cetane number, higher heating value (HHV), viscosity, cloud and pour 
points, flash point, copper corrosion, ash content, distillation range, sulfur content, carbon residue, 
acid value, free glycerine content, total glycerine content and density etc. [19]. A thorough study of 
literatures has shown scientifically that parametric studies of process parameters can influence the 
quality and quantity of responses. Though the fuel quality seems to be the focus of this study, not all 
the chemical properties of the biodiesel were taken into consideration. The Cetane Number (CN) and 
Higher Heating Value (HHV), owing to their measure of the fuel’s relative combustion index, were 
considered as measurable responses to assess the suitability of the biodiesel as recommended 
biofuel for engine applications. Obtaining the best properties from the process optimization would help 
in determining the process conditions under which these fuel qualities can be obtained best. 
 
The CN is a measure of ignition quality of diesel fuels and is equivalent to the percentage by volume 
of cetane in the blend with heptamethylnonane, which matches the ignition quality of the test fuel 
(ASTM D-613) [20]. The CN is depicted as a dimensionless numerical value which indicates the ignition 
quality of a fuel and majorly considered for selection of biodiesel as an engine fuel [21] [22] [23]. The 
ignition quality of diesel fuels refers to their comparative ease to get ignited when they come into 
contact with compressed air in diesel cylinders [21]. The standard methods for measuring CN are ISO 
5165:2017 (Petroleum products – Determination of the ignition quality of diesel fuels – Cetane engine 
method), ASTM D 613 (Standard Test Method for Cetane Number of Diesel Fuel Oil) and European 
standard DIN 16906:2017, which was formerly known by 51773:2010. 
 
Table 1: Comparison of ASTM standards for diesel and biodiesel  
Property    Diesel      Biodiesel  
Standard number   ASTM D975     ASTM D6751  
Composition    Hydrocarbon (C10–C21)        Fatty acid methyl ester (C12-C22)  
Specific gravity (g/mL)   0.85      0.88  
Flash point (K)    333–353     373–443  
Cloud point (K)   258–278     270–285  
Pour point (K)    243–258     258–289  
Carbon (wt. %)    87      77  
Water (Vol. %)    0.05      0.05  
Cetane number   40–55      48–60  
Sulphur (wt. %)   0.05      0.05  
Hydrogen (wt. %)   13      12  
Oxygen (wt. %)    0      11  
Source: Helwani et al. [24] 
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Ignition quality of a fuel can either be measured in term of octane or cetane number. The ignition 
quality is a measure of the relative ease by which the fuel will ignite. Fuels which have high ignition 
quality are identified as fuels with short ignition delay, whereas fuels with low ignition quality have long 
ignition delay. The ignition delay time refers to the time between a start of fuel injection and fuel 
combustion. The ignition delay time is strongly dependent on engine conditions like pressure and 
temperature of the chamber into which the fuel is injected. An increase in the CN causes a shorter 
ignition delay, which has the effect of less fuel being injected during the premix burn and more during 
the diffusion burn portion, thus reducing the cylinder pressure rise, which may result in lower cylinder 
temperature. Conversely, the ignition timing of a lower cetane fuel is advanced because of the longer 
ignition delay, thereby increasing the combustion pressures and temperatures [25].  
 
The Higher Heating Values (HHVs) is an important parameter used to quantify the energy content and 
combustion efficiency of fuels [26]. The standard measure of the energy content of a fuel is its HHV. 
The Higher Heating Values (HHVs) of biodiesels are relatively high as a result of high oxygen content 
but slightly lower than that of diesel. The oxygen content of biodiesel improves the combustion process 
and decreases its oxidation potential. The oxygen content of a fuel improves its combustion efficiency 
due to a rise in the uniformity of oxygen with the fuel during combustion [26]. The oxygen content of 
biodiesel generally varies between 10 wt% to 12 %wt depending on the degree of oxygenation of the 
feedstock [27]. Highly saturated oil, like Parinari polyandra, is more oxygenated and burns cleaner and 
stable when used as feedstock for biodiesel production. 
 
Several studies have been conducted on biodiesel production to predict the yield response using RSM. 
Most of these studies are limited to transesterification method where the reaction variables affecting 
biodiesel yields are studied in different randomized experimental designs. The literature is scarce of 
robust information on prediction and optimization studies involving the quality of biodiesel produced 
from seed oil. There is a need to determine the effect of process parameters on the quality of the 
biodiesel obtained from transesterification of Parinaric polyandra oil to provide necessary information 
towards establishing the biofuel as a reliable quality alternative fuel. In this work, the optimization of 
transesterification process of Parinari polyandra oil for quality yield is reported following an earlier 
which focused on the optimization of biodiesel production from the oil. The effect of transesterification 
parameters on two selected combustion characteristics of Parinari polyandra biodiesel is reported and 
the process parameters are optimized for better quality biodiesel production from the oil. 
 
2. METHODOLOGY 
 
The fruits of fresh Parinari polyandra were harvested and decorticated to remove the fresh kernels. 
The seeds were dried under atmospheric temperature and milled to particle sizes. Oil was extracted 
from the milled seeds using solvent extraction method as reported by Ogunkunle and Ahmed [9]. 
Biodiesel was produced using standard alkaline transesterification process based on preliminary 
experimental studies [9], [28], [29]. The CN and HHV of Parinari polyandra biodiesel were studied, as 
measured from a seventeen box-behnken design (BBD) experimental runs, in order to study the effect 
of transesterification reaction parameters on these fuel combustion properties and optimize them 
under moderate reaction parameters. The experimental design was based on BBD of response surface 
methodology of the commercial package, Design-Expert 12 (Stat-Ease Inc, Minneapolis, USA).  
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Three process variables, temperature, time, and catalyst concentration were varied between low- and 
high-level experimental values of 60 oC, 60 minutes, 1 wt% and 75 oC, 180 minutes, 3 wt%, 
respectively. These were designated as coded variables A, B, and C. The summary of the experimental 
design is presented in Table 1. 
 
2.1 Oil and extraction and biodiesel production from Parinari polyandra seeds 
The oil extraction and biodiesel production were done exactly as reported by Ogunkunle and Ahmed 
[9]. A soxhlet system was used for extracting oil from the milled Parinari polyandra seeds. N-hexane 
was used as the extracting solvent in the soxhlet extraction system. The extraction conditions 
employed were 0.06 g/ml seed/solvent (g/ml), 70 oC extraction temperature and extraction time of 5 
hrs. The properties of the extracted Parinari polyandra oil were determined using standard test 
methods of the Association of Official Analytical Chemists (AOAC). Biodiesel production from Parinari 
polyandra oil was carried out using the alcoholysis procedures reported by Ogunkunle and Ahmed [9]. 
The HHV and CN were determined using the ASTM D2015 and D613 methods respectively. 
 
2.2 Statistical analysis and optimization 
Seventeen (17) experimental runs, generated from a three-factor two-level Box-Behnken design of 
RSM, were used to produce biodiesel samples from varied experimental runs. Temperature, time and 
catalyst amount, were represented as independent variables A, B, and C, respectively. The two 
responses are CN and HHV. 
 
The summary of the coded design factors and their levels are shown in Table 2. A second order 
polynomial equation was developed to model the CN and HHV properties of the biodiesel. The 
responses, CN and HHV, were predicted to obtain the best model for obtaining quality CN and HHV 
properties. The multiple regression analysis was used to investigate the significance effect of the three 
reaction variables on CN and HHV. The goodness of the fit of the model was evaluated using Analysis 
of Variance (ANOVA). Numerical optimization was done to find the best magnitude of variables that 
fulfil the criteria placed on the numeric factors and the response. The factor space was set in range 
between desirable limits in order to achieve optimum combination of conditions that satisfy the 
desired qualities. 

  
Table 2: Design summary for factors and their levels for the biodiesel production 

Factor Name Units Type Coded Low Coded High Mean Std. Dev. 

A Temperature Deg. C Numeric -1 ↔ 60.00 +1 ↔ 75.00 67.50 5.30 

B Time minutes Numeric -1 ↔ 60.00 +1 ↔ 180.00 120.00 42.43 

C Catalyst amount wt% Numeric -1 ↔ 1.00 +1 ↔ 3.00 2.00 0.7071 
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3. RESULTS AND DISCUSSION 
 
The results and statistical analyses of CN and HHV determined from each experimental run are 
presented under this section. The interactivity plots among reaction parameters on CN and HHV are 
plotted and discussed. Optimized reaction variables and results from validation experiments for quality 
CN and HHV properties are reported as well. 
 
3.1 Oil and biodiesel yields from Parinari polyandra 
An average value of 57.75% of oil was obtained from the oil extraction process. This is quite similar to 
a yield of 64% obtained by Afolabi et al. [30] from the optimization of oil extraction from Parinari 
polyandra seeds. The biodiesel yields obtained ranged from 72.49 to 95.62%. The results of the 
biodiesel production from each experimental run can be found in the reports of Ogunkunle and Ahmed 
[9]. 
 
3.2 CN and HHV properties of Parinari polyandra biodiesel 
The results of the CN and HHV obtained from each experimental run are presented in Table 3. 
Comparing the CN and HHV of fossil diesel, which is usually between 40 – 52 and 44.80 – 45.6 MJ/kg, 
with those obtained from the experimental showed that HHVs of the biodiesel fuels are very good 
owing to the closeness to that of diesel. 
 

Table 3: CN and HHV measured from transesterification of Parinari polyandra oil 
 Factor 1 Factor 2 Factor 3 Response 1  Response 2  

Run A: Temperature B: Time 
C: Catalyst 

amount 
CN 

Predicted 
value 

HHV 
Predicted 

value 

 Deg C minutes wt%   MJ/kg  

1 60 120 3 65.3 65.30 45.2 45.07 

2 75 120 3 65.2 65.22 44.8 45.00 

3 60 60 2 65.4 65.44 45.8 46.09 

4 67.5 180 1 65.3 65.34 45.8 45.96 

5 67.5 120 2 65.5 65.48 46.1 45.94 

6 75 180 2 65.4 65.36 46.1 45.81 

7 75 60 2 65.2 65.21 44.9 44.86 

8 75 120 1 65.2 65.20 44.8 44.92 

9 67.5 180 3 65.5 65.51 45.9 45.99 

10 60 180 2 65.4 65.39 45.2 45.24 

11 67.5 60 1 65.5 65.49 46.2 46.11 

12 67.5 120 2 65.5 65.48 45.7 45.94 

13 60 120 1 65.4 65.37 45.7 45.50 

14 67.5 120 2 65.5 65.48 46.1 45.94 

15 67.5 60 3 65.3 65.26 45.9 45.74 

16 67.5 120 2 65.4 65.48 45.8 45.94 

17 67.5 120 2 65.5 65.48 46 45.94 
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3.2.1 Response surface regression models for CN and HHV 
The statistical summary for the two measured responses is presented in Table 4. The ANOVA model 
values for the measured CN are shown in Table 5. Model F-value of 9.49 and low probability value of 
0.0036 show that the model is significant.  
 

Table 4: Statistical summary for the responses 

Response Name Units Runs Analysis Min Max Mean Std. Dev. Ratio Model 

R1 HHV MJ/kg 17 Polynomial 44.8 46.2 45.65 0.4771 1.03 Quadratic 

R2 Cetane 
number  17 Polynomial 65.2 65.5 65.38 0.1131 1.00 Quadratic 

 
Table 5: ANOVA for Quadratic model for CN 

Source Sum of Squares df Mean Square F-value p-value Comment 

Model 0.1892 9 0.0210 9.49 0.0036 significant 
A-Temperature 0.0312 1 0.0312 14.11 0.0071  
B-Time 0.0050 1 0.0050 2.26 0.1766  
C-Catalyst amount 0.0013 1 0.0013 0.5645 0.4769  
AB 0.0100 1 0.0100 4.52 0.0712  
AC 0.0025 1 0.0025 1.13 0.3233  
BC 0.0400 1 0.0400 18.06 0.0038  
A² 0.0684 1 0.0684 30.91 0.0009  
B² 0.0000 1 0.0000 0.0119 0.9162  
C² 0.0253 1 0.0253 11.42 0.0118  
Residual 0.0155 7 0.0022    
Lack of Fit 0.0075 3 0.0025 1.25 0.4028 not significant 
Pure Error 0.0080 4 0.0020    
Cor Total 0.2047 16     

  
There is only a 0.36% chance that an F-value this large could occur due to noise. P-values less than 
0.0500 indicate model terms are significant. In this case A, BC, A², C² are significant model terms. 
Values greater than 0.1000 indicate the model terms are not significant. The Lack of Fit F-value of 
1.25 implies the Lack of Fit is not significant relative to the pure error. There is a 40.28% chance that 
a Lack of Fit F-value this large could occur due to noise. Non-significant lack of fit is good for the fitness 
of the model. The R-square and Adjusted R-square values were given as 0.9243 and 0.8269 
respectively, which shows the acceptability of the regression model. A ratio of 8.659 Adequate 
Precision indicates an adequate signal. Statistically, a ratio greater than 4 is desirable. This model can 
be used to navigate the design space. The final quadratic model for CN in terms of coded factors is 
given in Equation 1. 

 
𝐶𝑁 = +65.48 − 0.0625𝐴 + 0.025𝐵 − 0.0125𝐶 + 0.05𝐴𝐵 + 0.025𝐴𝐶 + 0.1𝐵𝐶 − 0.1275𝐴

− 0.0025𝐵 − 0.0775𝐶  
(1) 
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The significance and adequacy test of the model showed that the main effects were due to the coded 
terms, A, AB, BC, A2, C2, with significance values less than 0.05. The regression model equation 
indicated that temperature was the most significant model term with more significant probability 
values of individual, interactive and quadratic effect on CN model. The normal probability plots of 
residuals obtained from Parinari polyandra biodiesel CN analysis is shown in Figure 1. The diagnostics 
studies showed CN values had insignificant residual values of 0.0000, -0.0250, -0.0375, -0.0375, 
0.0200, 0.0375, -0.0125, 0.0000, -0.0125, 0.0125, 0.0125, 0.0200, 0.0250, 0.0200, 0.0375, -
0.0800, and 0.0200 from the first to the seventeenth experimental run in the standard order. This 
confirmed the validity of the predicted model in covering the design space. 
 

 
Figure 1: Normal probability plot of residuals for CN obtained from response data analyses 

 
The ANOVA model values for the measured HHV are shown in Table 6. The Model F-value of 5.13 and 
a probability value of 0.0212 imply that the model is significant. There is only a 2.12% chance that an 
F-value this large could occur due to noise. P-values less than 0.0500 indicate model terms are 
significant. In this case AB and A² are significant model terms. Values greater than 0.1000 indicate 
the model terms are not significant. The Lack of Fit F-value of 3.51 implies the Lack of Fit is not 
significant relative to the pure error. There is a 12.83% chance that a Lack of Fit F-value this large 
could occur due to noise. Non-significant lack of fit is good for the fitness of the model. R-square and 
Adjusted R-square values were calculated as 0.8684 and 0.6991. A ratio of 6.227 Adequate Precision 
indicates an adequate signal. Statistically, a ratio greater than 4 is desirable.  
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This model can be used to navigate the design space. The model equation for HHV in terms of coded 
factors is given in Equation 2. 
 

Table 6: ANOVA for Quadratic model for HHV 

Source Sum of Squares df Mean Square F-value p-value Comments 

Model 3.16 9 0.3514 5.13 0.0212 significant 
A-Temperature 0.2113 1 0.2113 3.08 0.1225  
B-Time 0.0050 1 0.0050 0.0730 0.7948  
C-Catalyst amount 0.0613 1 0.0613 0.8942 0.3758  
AB 0.8100 1 0.8100 11.82 0.0109  
AC 0.0625 1 0.0625 0.9124 0.3713  
BC 0.0400 1 0.0400 0.5839 0.4697  
A² 1.68 1 1.68 24.59 0.0016  
B² 0.1560 1 0.1560 2.28 0.1750  
C² 0.1402 1 0.1402 2.05 0.1956  
Residual 0.4795 7 0.0685    
Lack of Fit 0.3475 3 0.1158 3.51 0.1283 not significant 
Pure Error 0.1320 4 0.0330    
Cor Total 3.64 16     

 
𝐻𝐻𝑉 = +45.94 − 0.1625𝐴 + 0.025𝐵 − 0.0875𝐶 + 0.45𝐴𝐵 + 0.125𝐴𝐶 + 0.1𝐵𝐶

− 0.6325𝐴 + 0.1925𝐵 − 0.1825𝐶  
(2) 

 
The significance and adequacy test of the model showed that the main effects were due to the coded 
terms, AB and A2, with significance values less than 0.05. The regression model equation indicated 
also that temperature had more significant effect on HHV model as measured by the low probability 
values of interactive and quadratic model terms. The normal probability plots of residuals obtained 
from Parinari polyandra biodiesel HHV analysis is shown in Figure 2. The diagnostics studies showed 
HHV values had insignificant residual values of 0.1250, -0.2000, -0.2875, -0.1625, 0.1600, 0.2875, 
0.0375, -0.1250, -0.0875, -0.0375, 0.0875, -0.2400, 0.2000, 0.1600, 0.1625, -0.1400, and 0.0600 
from the first to the seventeenth experimental run in the standard order. This confirmed the predicted 
model is valid in covering the design space. 
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Figure 2: Normal probability plot of residuals for HHV obtained from response data analyses 

 
3.2.2 Influence of reaction parameters on CN and HHV 
 Three dimensional surface plots, as shown in Figure 3 and 4, were plotted from the model 
equations to show the interactivity among the transesterification parameters on CN and HHV. The 
interactivity between temperature and time, temperature and catalyst concentration, and time and 
catalyst concentration on CN is shown in Figure 3.  



                                                                                                                                                               
  
  
 
 
 
 

 
  
 

60 

Volume 7, No 1, March 2021 Series 
       

       

 
Figure 3  

(a): Contour and 3D plots of interactive effect of temperature and time on CN 
(b): Contour and 3D plots of interactive effect of temperature and catalyst amount on CN 

(c): Contour and 3D plots of interactive effect of time and catalyst amount on CN 
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Considering the interactive effect of temperature and time, the CN was found to increase with 
increasing transesterification reaction temperature and time. Higher CN values were relatively 
obtained at moderate temperature of 65.5 oC and higher reaction time of 180 minutes. Reaction 
temperatures beyond 65.5 oC showed a decline in CN values, which was more visible at low reaction 
time. These results indicated that moderate reaction temperatures, which is quite lower than the 
boiling point of ethanol, and higher reaction time are desirable to obtain higher CN values from 
alcoholysis of Parinari polyandra oil.  
 
A similar trend was observed for temperature and catalyst amount in their interactive effect on CN. An 
appreciable increase was observed from low level until medium reaction values while further increases 
in temperature and catalyst amount led to decrease in CN values. Reaction variables which consist of 
temperature and catalyst amount above 67.5 oC and 2 wt% respectively appeared to be the critical 
points which combinedly led to reduction of CN.  
 
This relatively moderate temperature requirement favours a more economical transesterification 
process when considering heating costs amongst other costs. The CN values appeared to increase 
continuously as the reaction time increases.  
 
This demonstrated that there was room for complete conversion of Parinari polyandra triglycerides to 
quality biodiesel, as long as the reaction variables (temperature and catalyst amount) proceed at 
moderated levels. Although, from the experimental results and analyses, high CN hovers around 65.5 
from reaction variables of 67.5 oC temperature, 180 minutes reaction time and 3 wt% catalyst 
concentration. Considering a cost-effective transesterification reaction, this same high CN value was 
obtained at 67.5 oC temperature, 120 minutes reaction time and 2 wt% catalyst concentration, as 
evident from the results obtained (Table 3). 
 
The interactivity between temperature and time, temperature and catalyst concentration, and time 
and catalyst concentration on HHV shown in Figure 4. The HHV was found to increase as temperature 
increase and then decrease at higher temperature values beyond 67.5 oC. The reaction time was found 
to a positive increasing effect on the HHV, with a slight decline midway as depicted by the elliptical 
curve. The HHVs were quite high as the reaction progressed but showed a declining curve until 120 
minutes reaction time.  
 
Further increases in HHVs were observed as the reaction progressed till 180 minutes, where the 
highest HHV was obtained. The elliptical nature of the curve shows that the reaction variables had 
appreciable significant effects on HHV [9]. A noticeable increase in HHV was obtained at temperature 
of 67.5 oC, which was more profound as the reaction time approached 180 minutes.  
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Figure 4 

(a): Contour and 3D plots of interactive effect of temperature and time on HHV 
(b): Contour and 3D plots of interactive effect of temperature and catalyst amount on HHV 

(c): Contour and 3D plots of interactive effect of time and catalyst amount on HHV 
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The HHV was found to increase gradually as the catalyst concentration increased and suddenly 
decreased as the concentration increased beyond 2 wt%. This can be explained by the undulating 
curve of the catalyst concentration on HHV. At optimal value of 2 wt% of catalyst amount, high values 
of HHV was obtained at temperature of 67.5 oC and reaction time of 120 minutes. Any increase beyond 
these values, with exception of higher reaction time, led to reduction in HHV. 
 
3.2.3 Optimization and validation of Parinari polyandra CN and HHV 
The plots for desirability and point prediction of reaction conditions on HHV and CN are shown in 
Figures 5, 6, and 7. Numerical optimization of the experimental data produced different solutions, out 
of which the most fitting reaction conditions with the best desirability and highest CN and HHV was 
selected. Values of 65.51 and 46.29 MJ/kg were statistically optimized for CN and HHV from a 
combination of 65.25 oC reaction temperature, 61.15 minutes reaction time, and 1.58 wt% catalyst 
amount. A desirability level of 1.00 shows the effectiveness of the chosen solution. Measurements of 
CN and HHV from the validation experiments gave average values of 65.3 and 46.5 MJ/kg for CN and 
HHV respectively. The values obtained from the validation experiments have proved to be close to the 
statistically optimized quality parameters, which confirms the validity of the models for predicting the 
biodiesel quality. These two fuel properties of Parinari polyandra, have also shown that the raw oil is 
a very stable feedstock for biodiesel production, whose properties remain stable under moderate 
reaction conditions.  
 

 
Figure 5: Desirability and point prediction of temperature and time interactivity on HHV and CN 
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Figure 6: Desirability and point prediction of temperature and catalyst amount interactivity on HHV 

and CN 

 
Figure 7: Desirability and point prediction of time and catalyst amount interactivity on HHV and CN 
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4. CONCLUSION 
 
From the results obtained, the following conclusions can be drawn:  

 Transesterification parameters were found to have varying significant, but very close, effects 
on the CN and HHV.  

 At 95% confidence interval, the transesterification reaction temperature had the most 
significant effect on both the CN and HHV. The optimum conditions for achieving the desired 
CN and HHV were obtained at reaction temperature of 65.25 oC, reaction time of 61.15 
minutes, and catalyst amount of 1.58 wt%. 

 The CN and HHV of Parinari polyandra biodiesel were found to be within the ASTM D6751 
standard for biodiesel usage as fuel. The biodiesel obtained will be viable as a vehicular fuel 
for sustainable development. 
 

References 
 
[1] W. A. Poe, S. Mokhatab, W. A. Poe, and S. Mokhatab, “Process Optimization,” Model. Control. 

Optim. Nat. Gas Process. Plants, pp. 173–213, Jan. 2017. 
[2] M. C. Bobadilla, R. Fernández Martínez, R. L. Lorza, F. S. Gómez, and E. P. V. González, 

“Optimizing biodiesel production fromwaste cooking oil using genetic algorithm-based support 
vector machines,” Energies, 2018. 

[3] P. D. Patil and S. Deng, “Optimization of biodiesel production from edible and non-edible 
vegetable oils,” Fuel, vol. 88, no. 7, pp. 1302–1306, Jul. 2009. 

[4] J. O. Oyelade, D. O. Idowu, O. O. Oniya, and O. Ogunkunle, “Optimization of biodiesel 
production from sandbox (Hura crepitans L.) seed oil using two different catalysts,” Energy 
Sources, Part A Recover. Util. Environ. Eff., vol. 39, no. 12, pp. 1242–1249, 2017. 

[5] N. D. L. Da Silva, M. R. Wolf Maciel, C. B. Batistella, and R. M. Filho, “Optimization of biodiesel 
production from castor oil,” in Applied Biochemistry and Biotechnology, 2006. 

[6] O. Aworanti, “Statistical Optimization of Process Variables for Biodiesel Production from Waste 
Cooking Oil Using Heterogeneous Base Catalyst,” Br. Biotechnol. J., 2014. 

[7] E. Betiku, O. R. Omilakin, S. O. Ajala, A. A. Okeleye, A. E. Taiwo, and B. O. Solomon, 
“Mathematical modeling and process parameters optimization studies by artificial neural 
network and response surface methodology: A case of non-edible neem (Azadirachta indica) 
seed oil biodiesel synthesis,” Energy, 2014. 

[8] O. Ogunkunle, O. O. Oniya, and A. O. Adebayo, “Yield Response of Biodiesel Production from 
Heterogeneous and Homogeneous Catalysis of Milk Bush Seed (Thevetia peruviana) Oil,” 
Energy Policy Res., vol. 4, no. 1, pp. 21–28, Jan. 2017. 

[9] O. Ogunkunle and N. A. Ahmed, “Response surface analysis for optimisation of reaction 
parameters of biodiesel production from alcoholysis of Parinari polyandra seed oil,” Int. J. 
Sustain. Energy, vol. 38, no. 7, pp. 630–648, Aug. 2019. 

[10] N. De Lima Da Silva, Ć. B. Batistella, R. M. Filho, and M. R. W. Maciel, “Biodiesel production 
from castor oil: Optimization of alkaline ethanolysis,” Energy and Fuels, 2009. 

[11] M. Kiliç, B. B. Uzun, E. Pütün, and A. E. Pütün, “Optimization of biodiesel production from 
castor oil using factorial design,” Fuel Process. Technol., 2013. 

[12] G. Knothe, “Improving biodiesel fuel properties by modifying fatty ester composition,” Energy 
and Environmental Science. 2009. 

 



                                                                                                                                                               
  
  
 
 
 
 

 
  
 

66 

Volume 7, No 1, March 2021 Series 
       

       

[13] T. K. Jose and K. Anand, “Effects of biodiesel composition on its long term storage stability,” 
Fuel, 2016. 

[14] I. K. Hong, G. S. Jeon, and S. B. Lee, “Prediction of biodiesel fuel properties from fatty acid 
alkyl ester,” J. Ind. Eng. Chem., 2014. 

[15] F. A. Perdomo, B. M. Millán, and J. L. Aragón, “Predicting the physical-chemical properties of 
biodiesel fuels assessing the molecular structure with the SAFT-γ group contribution 
approach,” Energy, 2014. 

[16] S. Bajpai and L. M. Das, “Experimental investigations of an IC Engine operating with alkyl 
esters of Jatropha, Karanja and Castor seed oil,” in Energy Procedia, 2014. 

[17] B. R. Moser, R. L. Evangelista, and T. A. Isbell, “Preparation and Fuel Properties of Field 
Pennycress (Thlaspi arvense) Seed Oil Ethyl Esters and Blends with Ultralow-Sulfur Diesel 
Fuel,” Energy and Fuels, 2016. 

[18] G. Anastopoulos, S. Kalligeros, and F. Zannikos, “Fuel Quality Assessment of Ethyl Esters 
Produced from Vegetable Oils and Their Blends With Petroleum Diesel,” J. ASTM Int., 2012. 

[19] S. K. Hoekman, A. Broch, C. Robbins, E. Ceniceros, and M. Natarajan, “Review of biodiesel 
composition, properties, and specifications,” Renewable and Sustainable Energy Reviews. 
2012. 

[20] J. G. Speight and J. G. Speight, “Hydrocarbons from Petroleum,” Handb. Ind. Hydrocarb. 
Process., pp. 85–126, Jan. 2011. 

[21] R. Sadeghbeigi and R. Sadeghbeigi, “Products and Economics,” Fluid Catal. Crack. Handb., 
pp. 169–189, Jan. 2012. 

[22] É. C. Francisco, D. B. Neves, E. Jacob-Lopes, and T. T. Franco, “Microalgae as feedstock for 
biodiesel production: Carbon dioxide sequestration, lipid production and biofuel quality,” J. 
Chem. Technol. Biotechnol., vol. 85, no. 3, pp. 395–403, Mar. 2010. 

[23] M. Habibullah et al., “Potential of biodiesel as a renewable energy source in Bangladesh,” 
Renew. Sustain. Energy Rev., vol. 50, pp. 819–834, Oct. 2015. 

[24] Z. Helwani, M. R. Othman, N. Aziz, J. Kim, and W. J. N. Fernando, “Solid heterogeneous 
catalysts for transesterification of triglycerides with methanol: A review,” Applied Catalysis A: 
General. 2009. 

[25] J. H. Ng, H. K. Ng, and S. Gan, “Development of emissions predictor equations for a light-duty 
diesel engine using biodiesel fuel properties,” Fuel, 2012. 

[26] K. Sivaramakrishnan and P. Ravikumar, “Determination of Higher Heating Value of 
Biodiesels,” Int. J. Eng. Sci. Technol., vol. 3, no. 11, pp. 7981–7987, 2011. 

[27] W. N. M. Wan Ghazali, R. Mamat, H. H. Masjuki, and G. Najafi, “Effects of biodiesel from 
different feedstocks on engine performance and emissions: A review,” Renewable and 
Sustainable Energy Reviews. 2015. 

[28] C. I. Yarkasuwa, D. Wilson, and E. Michael, “Production of biodiesel from yellow oleander 
(thevetia peruvian) oil and its biodegradability,” J. Korean Chem. Soc., 2013. 

[29] O. Ogunkunle and N. A. Ahmed, “Performance evaluation of a diesel engine using blends of 
optimized yields of sand apple (Parinari polyandra) oil biodiesel,” Renew. Energy, vol. 134, pp. 
1320–1331, Apr. 2019. 

[30] T. J. Afolabi, K. Onifade, V. O. Akindipe, and T. E. Odetoye, “Optimization of Solvent Extraction 
of Parinari polyandra Benth Seed Oil Using Response Surface Methodology,” Br. J. Appl. Sci. 
Technol., vol. 5, pp. 436–446, 2014. 


