
International Journal of Scientific & Engineering Research Volume 11, Issue 2, February-2020                                                                                                    973 

ISSN 2229-5518  

 

IJSER © 2020 

http://www.ijser.org  

Response Surface Optimisation of Biodiesel 
Production from Microalgae Oil 

Lamido Sani Inuwa1, Muazu Ibrahim2, Aminu Uba Alhassan3, Musa Lawal4, Bawa Jonathan Bula5 

1,2,3,4- Department of Chemical Engineering, Kaduna Polytechnic. 

5-Department of Petroleum Resources (DPR), Nigeria. 

e-mail: i.lamido@kadunapolytechnic.edu.ng 

 

Abstract— Biodiesel  was  produced  via  transesterification  process  of  Alage  Oil with methanol  in  the  presence  of  sodium  hydroxide  

as  catalyst.  Response  Surface  Methodology (RSM) with Box-Behnken Design (BBD) was performed using STATISTICA v10 software to 

determine the optimum operating conditions and to optimize the biodiesel yield as indicator. The reaction variables under study were: 

methanol to oil molar ratio, catalyst loading and reaction time. From the Analysis of Variance (ANOVA), the most influential  parameter  on  

biodiesel  production  was  found  to  be  the  methanol volume.  The predicted value of percentage yield was found to be in good agreement 

with the experimental value, with coefficient of determination R2 as 0.99972. The optimum biodiesel yield of 90.45% was achieved at 1.62 hr 

reaction time, with 3.63 g of catalyst loading and 27.93 ml of methanol.  The biodiesel produced has the following physiochemical properties: 

kinematic viscosity of 5.58 mm2/s, flash point of 106 oC, density of 862 kg/m3 and cetane number of 50.02. These results are in conformity 

with American Society for Testing Materials (ASTM) D6751 specifications. Thus, the produced biodiesel is recommended for use in diesel 

ignition engines.  

Index Terms— Transesterification, Algae Oil, Optimisation, Box-Behnken Design, ANOVA, Cetane Number, Biodiesel 

.  ——————————      —————————— 

1 INTRODUCTION                                                                     

he world continues to suffer from energy crisis and envi-
ronmentally related challenges, these lead for the explora-
tion of other energy sources. One of the most prominent al-

ternative energy resources, attracting more and more interest in 
recent years is biodiesel, which is a possible substitute for pe-
troleum-based diesel fuel [1]. Biodiesel is a more sustainable 
and environmentally friendly fuel that is made with vegetable 
oil and methanol through a process known as transesterifica-
tion. The fuel has superior combustion characteristics, and a 
lower emissions rating when compared to traditional, petro-
chemical diesel [2]. Biodiesel is an alternative energy source and 
could be a substitute for petroleum-based diesel fuel. Many 
studies have shown that the properties of biodiesel are very 
close to diesel fuel [3]. As such, biodiesel fuel can be used in 
diesel engines with little or nomodification. Biodiesel has a 
higher Cetane Number than diesel fuel, no aromatics, no sulfur, 
and contains 10-11% oxygen by weight. These characteristics of 
biodiesel are responsible for a reduction in the emissions of car-
bon monoxide (CO), hydrocarbon (HC) and particulate matter 
(PM) in the exhaust gas compared to diesel fuel [2]. However, 
to be a viable alternative, a biodiesel should provide a net en-
ergy gain, be economically competitive, and be producible in 
large quantities without reducing food supplies [1]. 
The raw materials for most of the industrial biodiesels are made 
from oil (triglycerides) of rapeseed, sunflower, soybean, 
Jatropha, etc. The raw materials are also necessary to feed hu-
mans and animals. A large demand for raw materials to pro-
duce biodiesel could thus increase their price. Moreover, the 
culture of conventional vegetable material requires an im-
portant amount of water, chemical fertilizers and pesticides and 
large area of land, which have a negative impact on the envi-
ronment [4].  
To overcome these problems, researchers need to explore a new 

way of producing biodiesel using microalgae and other noned-
ible biomass. Indeed, during their growth, photoautotrophic 
microalgae metabolize inorganic carbon (CO2) through photo-
synthesis [5]. Microalgae have also the capacity to absorb other 
pollutants such as phosphates and nitrates [6]. Furthermore, 
microalgae can accumulate a high amount of fatty acids and 
have a culture yield per hectare at least 10 times higher than any 
oily plants [7]. 
Currently, optimal biodiesel production through optimized 
transesterification processes is attracting continuing interest 
among  researchers [8]. Previous literature has reviewed the use 
of various seed oils as feedstocks for biodiesel production [9], 
[10], [11].  Biodiesel  production  process  via chemical  and  en-
zyme  catalysed transesterification  and  use  of  Response Sur-
face  Methodology  (RSM)  as  an important  Optimization  tool  
for  biodiesel production [12].   
Response surface methodology is a collection of statistical and 
mathematical techniques useful to develop, improve and opti-
mize processes and products. The technique is largely applied 
in industry, particularly in the situations where several input 
variables influence some process performances or quality char-
acteristics. In the case of a chemical reaction the dependence be-
tween the response variable yield and the two inputs, process 
or independent variable time and temperature can be repre-
sented. It consists on experimental strategy for exploring the  
process  space  or  independent  variables,  empirical  statistical  
modeling  to  establish   an adequate approximate relation be-
tween response and process variables. The method allows the 
determination of optimum set of experimental conditions 
which minimize or maximize the response and the changes in 
response surfaces produced by variation of independent varia-
bles [13]. This statistical technique has been applied in research 
for complex variable systems. It has advantage of limited num-
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ber of experimental runs required to generate adequate infor-
mation for statistically acceptable results. It is an effective tool 
for process optimization [12], [14].  
In the present study, STATISTICA V10 software is employed to 
carry out the optimization of double transesterification process 
via Box-Behnken design (BBD). Multiple regression and analy-
sis of variance (ANOVA) for the production process were stud-
ied to determine the relative significance of the factors (the ef-
fect of temperature, reaction time and catalyst concentration) 
considered. 
2 METHODOLOGY 
2.1 Experimental Procedure  
Fresh microalgae samples were collected from ABU Zaria dam, 
Kaduna, Nigeria. The wet algae were sieved to drain excess wa-
ter out, weighed (w1) and then placed in the oven at 50oC until 
constant weight (w2) was obtained. Oil was then extracted us-
ing sohxlet extraction method with hexane as the solvent. The 
algae oil was further purified by heating to 70 °C (above the 
boiling point of n-hexane). The Free Fatty Acid (FFA) of the  oil  
was  recalculated to confirm that it is   (<1%). The algae oil was 
then  trans-esterified  by  reacting  with methanol  using  NaOH  
as  catalyst  at constant  temperature  of  60°C  and  stirring 
speed  of  300  revolutions  per  minute  to produce  biodiesel  
and  glycerine.  The biodiesel was separated by gravity from the 
glycerine using separating funnel after leaving it to settle for 24 
hours.  
The  Box-Behnken design  was  chosen  to study  the  optimiza-
tion  of  three  selected input  parameters:  catalyst  amount,  
Methanol to oil ratio and reaction time, and biodiesel yield as 
the  output  parameter using  Response  Surface  Methodology 
(RSM).  RSM  is  a  mathematical  tool  used for  designing  ex-
periments,  developing polynomial models for predicting re-
sponse, evaluating the significant effects of factors and  opti-
mizing  the  required  function [14].  Box  Behnken Design (BBD)  
with  three  factors  was  chosen  to design  the  experiment  
because  it  has  the advantage  of  requiring  fewer  numbers  of 
runs,  and  is’  rotatable.  The coded and uncoded levels of the 
independent variables were shown in Table 1.  For statistical 
nalysis, the relationship between the coded and actual (un-
coded) variables can be represented by Eq. (1) 
 

𝑋𝑖 =  
𝑍𝑖− 𝑍∗

∆𝑍
                                                                                 (1) 

Where Xi = the coded ith variable, Zi = the actual ith variable, 
∆Z = step change of Z variable, Z* = center point values for the 
ith variable, Number of variable, i = 1 - 3.  
Table 1: Coded and uncoded levels of independent variables  

Factors                                      Low (-1)     Centre (0)   High (1) 
Reaction Time (hr)                      1            2           3 
Methanol to Oil Ratio                 2:1              4:1                6:1  
Catalyst Amount (Wt % Oil)     1                 3                   5  

By this design, a total of 15 experimental runs were carried out. 
The center point was replicated three times to evaluate errors. 
Eqn. (2) is the general polynomial model of quadratic form that 
was used to fit the experimental data obtained during the ex-
traction of oil.  
 

Yield(%) =  βo + β1x1 + β2x2 + β3x3 + β1x1
2 + β2x2

2 + β3x3
2 + β1x1x2 

+  
                     β2x1x3    + β3x2x3                         (2) 

Where: X1, X2, X3= Are the independent variables 
              Y = is dependent variables, 
                βo = is the offset or constant term or center points, while 
                β1 = is the ith linear coefficient  
                β2 and β3 = are quadratic and interaction coefficients  
              respectively. 
 
STATISTICA v10  software  wan  used  for analysis  of vari-
ance(ANOVA),  and multiple  regression  analyses  of  the  data 
obtained. The Fit for regression model was checked by of coef-
ficient of  determination R2 and  its  associated  probability p  
were used  to  determine  the  overall  model significance. The 
respective effect of the variables and their interactions were 
tested using the p-test, response surface plots and pareto charts. 
While the coefficients of the quadratic polynomial model were  
determined  via  multiple  regressions  and  subsequent  solu-
tion  was  carried  out  to evaluate the optimum operating vari-
ables.  
2.2 Designed of Experiment  
A measrued quantity of the oil according to the design of ex-
periment  was poured  into  a  conical  flask  and  the  calculated 
amounts  of  sodium  hydroxide corresponding  to  the  catalyst  
amount chosen  and  methanol  volume corresponding  to meth-
anol  to  oil  ratio  chosen  were  added, and the mixture was 
well stirred. The mixture was heated up to the desired  temper-
ature  using  a  hot  plate  and  stirred continuously  with  tem-
perature  maintained at 55 60 oC for reaction time chosen. At the 
end of the reaction time, the methyl ester component was sepa-
rated in a separation funnel until phase separation took place. 
This resulted in the formation of an upper phase consisting of 
methyl ester and a lower phase containing glycerol. After sepa-
ration of the layers by gravity using a separating funnel, the 
methyl ester phase was purified by washing with hot water sev-
eral times until the biodiesel became clear. The washed methyl 
ester was dried at 100 to 120 oC for 60 min for further storage.  

3    RESULTS AND DISCUSSION 

3.1 Response Surface Methodology for the Algea oil Biodiesel 

Production  
For the response surface methodology, the Box-Behnken 
Design was applied and the results for each run was recorded 
as shown in Table 2.  
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Table 2: Box-Behnken Design for the Algea oil Biodiesel 
Production  

 

3.2 Polynomial Model Fitting 

The  results  in  Table  2  were  used  to  run ANOVA and 
Multiple Regression Analysis in  STATISTICA V10 software  
using  the polynomial  model  Eq (2).  From which the opti-
mum yield and the corresponding optimum variables can be 
predicted. Statistical analysis of the model was performed to 
evaluate the ANOVA and check the adequacy of the empirical 
model. The significance of the linear, quadratic and interactive 
terms of  the  process  variables were checked by F  and p-tests. 
The results (as shown in Table 3)  showed that the combined 
effect of both linear and quadratic methanol volume  term  is  
the  most significant with highest F-value and least pvalue  of 
1387.4185 and  0.000720 respectively. The significance of the rest 
of the terms were checked in the same manner. The  coefficients  
of  the  model  equation which  are  used  to  predict  the  opti-
mum parameters were determined by multiple regression anal-
ysis using  STATISTICA V10. 
The regression analysis results of the model equation with Yield 
as response, while A, B and C represent catalyst amount, reac-
tion  time, , methanol  volume  and respectively as shown in 
Eq.(4) as:  
Yield (%) = -173.375 + 77.324 * A + 257.134 * B + 2.574 * C  
-7.658 * A2- 67.98 * B2 - 0.086 * C2 - 80.224 * A * B + 0.742 * A *C  
 + 0.269 * B * C + 13.772 * A * B 2+ 5.482 * A2 * B - 0.062 * A2 * C            
                                                                                           (4) 
The  value  of  regression  coefficient  of determination  (R2)  for  
the  model  was 0.99972  and    adjusted  R2 is  0.99807  both 
indicating the good fitness of the model. 
Table 3: ANOVA for the Polynomial Quadratic Model 

3.3  Response  Surface  Analysis  and Pareto Chart  

The  effects of the process variables on the response variable can 
be further elaborated by  visualization  using  response  surface  
plots  and  a  pareto  chart.  The  effect  of methanol  volume  
and  catalyst  amount  on the percentage yield of the biodiesel 

is shown  in  Fig  la.  The  optimum  yield  is  achieved  at  high  
methanol volume  and  high  catalyst  amount  with prevalence 
of quadratic effect for both; and of course, having the methanol 
volume been more  dominant.  Fig.  1b illustrates  the effects of 
reaction time and catalyst amount on the percentage yield. The 
response plot shows the quadratic  effect  of both time and cat-
alyst amount being highly sigficant. The surface plot is that sad-
dle type with no true optimum value. 

 

Fig. 1a: Effect of Catalyst amount and Methanol Volume on 
Percentage Yield 

 
 

Fig. 1b: Effect of Catalyst amount and Reaction Time on  
Percentage Yield 
 
 

Fitted Surface; Variable: Yield (%)

3 3-level factors, 1 Blocks, 15 Runs; MS Residual=.2624333

DV: Yield (%)

 > 90 

 < 90 

 < 80 

 < 70 

 < 60 

 < 50 

 < 40 

10
12

14
16

18
20

22
24

26
28

30
32

34
36

38
40

Methanol to
 O

il R
atio

 (m
L)

0

1

2

3

4

5

6

Catalyst Amount (g)

30

40

50

60

70

80

90

100

Y
ie

ld
 (%

)

Fitted Surface; Variable: Yield (%)

3 3-level factors, 1 Blocks, 15 Runs; MS Residual=.2624333

DV: Yield (%)

 > 100 

 < 84 

 < 64 

 < 44 

 < 24 

 < 4 

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

Reactio
n Tim

e (h
r)

0

1

2

3

4

5

6

Catalyst Amount (g)

-20

0

20

40

60

80

100

120

Y
ie

ld
 (%

)

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 11, Issue 2, February-2020                                                                                                    976 

ISSN 2229-5518  

 

IJSER © 2020 

http://www.ijser.org  

 
Fig. 1c: Effect of Methanol volume and Reaction Time on  
Percentage Yield 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Pareto Chart of the Standardized Effects 
Fig.  1c indicates the combined effects of methanol volume  and  
time  on  the  percentage yield.  The effects  of  both  are  quad-
ratic with a curvature similar to that of Fig.1a, thus optimum 
yield is obtain at high values of both time and methanol vol-
ume. This further explains that all the three plots are devoid of 
high significance of linear effects of the variables, but with over-
all quadratic effects  being  most  significant.  This further shows  
that  somewhere  lies  the  optimum value on the response sur-
face which need to be investigated further by multiple regres-
sion of the model equation.  
The various effects of the input parameters on  the  output  pa-
rameter  are  further elaborated by Fig. 2. It is obvious that the  
quadratic  effect  of  methanol to oil ratio at confidence  level  of  
95%  is  the  most significant  and  more  dominant.  This is 
followed by the quadratic effect of catalyst amount with that of 
linear effect of time of reaction and then that of combine effect 
of linear effects of both methanol volume and catalyst amount. 
Thus, at confidence level of 95% all the parameters and their 
interactions shows significant at different levels and therefore 
need to be considered during optimization. 

3.4 Optimization of the Transesterification Reaction 

From  the  regression  analysis  results  of generated  by  STA-
TISTICA  V10 software yielded  the  optimum  input  values  of  
catalyst amount (A), methanol volume (B) and reaction time(C) 
in coded and uncoded terms are presented in Table 4. The un-
coded variables were evaluated using Eq.  (1). 
Table 4: Multiple Regression Summary of Optimum input Pa-
rameters  

Factor                Coded Parameter     Uncoded Parameter 

Catalyst amount            0.1452                          3.63  
Methanol volume          0.2549                          27.93  
Reaction time                 0.2312                          1.6156 

 
Substituting these values into Eq.  (4) gives optimum  value  of  
the  response as: 
Yield(%)=-173.375+77.324(3.63)+257.134(1.6156)+2.574(27.93)-
7.658(3.63)2-67.98(1.6156)2-0.086(27.93)2-80.224(3.63)(1.6156) 
+0.742(3.63)( 27.93)+0.269(27.93)(1.6156)+13.772(3.63)(1.6156)2 

+5.482(3.63)2(1.6156)-0.062(3.63)2(27.93)= 90.45                                (5) 
 
Confirmatory  experiments  were  also conducted in triplicates  
using the optimum values,  to  ascertain  the  validity  of  the  
model,  and  the  average percentage yield  from  the confirma-
tory  test  was  calculated  to  be 89.76. 
 
3.5  Predicted value vs. Observed values of the Standardized 
effect for Yield Response 
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Figure 3: Predicted values vs. Observed values of the Standard-
ized Effect for yield Response. 
 
The predicted vs. observed values plot for biodiesel Yield re-
sponse as illustrated in Figure 3 shows the closeness of the ex-
perimental  values denoted by the dotted points to the pre-
dicted model values represented by the red straight line. Thus, 
the predicted model with coefficient of determinant (R2) of 
0.99972 can be used to predict the percentage yield. This also 
shows that the values obtained follow the predicted values in-
dicating that model assumptions were correct. 

3.6 Physiochemical Propeties of the Biodiesel 

The biodiesel produced at optimum variables was character-
ized for its density, kinematic  viscosity,  flash  point,  free  fatty  
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acid and Cetane Number. Table 5 compares properties  of  the  
biodiesel produced  with  the ASTM D6751 -12 standards. The 
produced biodiesel conforms to the standards.  
Table 5: Physiochemical properties the Biodiesel  

Properties                        Biodiesel                  Commercial Diesel 
  

Density at 32oC                          862                               860 - 900 
(Kg/m3)        

Kinematic viscosity at 40°C     5.58                             1.9 - 6.0 
(mm2/s)    

Flash point (°C)                 106                 93 
 
Cetane Number                  50.02                         > 47  
 

Free Fatty Acid (% )                0.67                            ≤ 4.0 
 

4 CONCLUSIONS 

Based on the findings, the following conclusions are made: 

 Biodiesel from Algae oil was successfully produced 
through transesterification reaction using methanol 
and sodium hydroxide as catalyst. RSM was used to 
determine the optimal conditions of percentage bio-
diesel yield. Box-Behnken design model predicted the 
optimal conditions for the production biodiesel from 
algae oil were given as a catalyst amount of 3.63g, 
methanol volume of 27.93 ml and at a reaction time of 
1.6156 hr with the predicted biodiesel yield of 90.45%. 

 The experimental data and the predicted data are in 
agreement with a high value of R2 = 0.99972 and ad-
justed R2 = 0.99807. This is also an indication that the 
proposed polynomial model equation can use in pre-
dicting optimum biodiesel production yield from al-
gae oil. 

 Physiochemical properties shows that algae oil has a 
very low Free Fatty Acid (FFA) of less than one (< 1%), 
which indicate a good property for biodiesel produc-
tion, the cetane number of 50.02, kinematic viscosity 
of 5.58 (mm2/s), flash point of 106 oC and density of 
862 kg/m3 are all in agreement with the ASTM D6751 
-12 standards.   
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