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Abstract Biodiesel is an alternative renewable fuel which

is produced by using biomass resources. Its physicochem-

ical properties are close to those of the petroleum diesel

fuel. This study highlights biodiesel production from saf-

flower seed oil. The main aim of this experimental work is

to optimize the process parameters, namely the methanol-

to-oil molar ratio, catalyst concentration, reaction time and

reaction temperature for biodiesel production. The Taguchi

robust design approach was used with an L9 orthogonal

array to analyze the influence of process factors on per-

formance parameters. The results showed that the optimum

yield of biodiesel was 93.8% with viscosity 5.60 cSt, with a

methanol-to-oil molar ratio of 4:1, catalyst concentration of

1.5 wt%, reaction time of 90 min and reaction temperature

of 60 �C. The catalyst concentration was found to be the

most influencing parameter which contributed 51.1% and

50.8% of the total effect on the yield of biodiesel, Y1, and

viscosity of biodiesel, Y2, respectively.

Keywords ANOVA � Biodiesel � Optimization � Taguchi
approach � Transesterification

1 Introduction

Nowadays, biodiesel has become an important renewable

fuel due to its eco-friendly nature. It is obtained from

biomass resources (Murugesan et al. 2009). Vegetable oils

are used as the main resource of biodiesel. Many studies on

these crops are aimed to develop new species of fast-

growing productive plants with high yield of oil. Some

breeds of plants which produce non-edible vegetable oils

are becoming the targets for biodiesel production. Biofuel

projects have been launched in 200 districts of 18 states in

India as per Planning Commission of India (Bijalwan et al.

2006; Subba 2005; Abdul Kalam 2005). Nowadays, fossil

fuels like gasoline, natural gas and petroleum-based diesel

are used for mainly fulfilling the energy demand of the

world. Such resources of fossil fuels are gradually declin-

ing and will not meet future energy demands, rapid

development of technologies as well as the growth of

population (Isik et al. 2013). The forecast future reduction

in the supply of fossil fuels has promoted efforts to moti-

vate the implementation of renewable energy sources such

as bio-based fuel resources. As replacements for fossil

fuels, various types of bio-based fuel such as vegetable oils

(raw, processed or used), methyl esters from oil and liquid

fuels from biomass have been examined (Ahmad et al.

2007; Karabas 2014). In this century, various researchers

have accelerated the study on alternative energy and

renewable fuels. Biodiesel produced from vegetable oils

and its derivatives has been identified to be a major sub-

stitute for petro-diesel fuel. Direct application of veg-

etable oils in engines creates some problems due to their

high viscosity and low volatility. It has been proposed that

the transesterification process is one of the promising

methods to convert vegetable oil to fatty acid alkyl ester
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which can be used in existing diesel fuel-based engines

(Puhan et al. 2005; Chang et al. 1996). The factors which

affect the transesterification process are the methanol-to-oil

molar ratio, catalyst concentration, reaction time, reaction

temperature and free fatty acid contents (Balat 2008;

Demirbas 2003). Transesterification pyrolysis of safflower

bio-oil to produce biodiesel has been reported by Sensoz

et al. (2008). It was observed that biofuels derived from

vegetables are eco-friendly (Ilkilic et al. 2011). Although

India is the largest safflower-producing country, only small

amounts of safflower oil are exported from here. USA and

Mexico are the biggest producers of safflower in terms of

world trade followed by Australia and Argentina (Mittel-

bach and Remschmidt 2004).

Carthamustinctorius sp. is the scientific name of saf-

flower, whose oil is colorless and odorless. It is one of the

potential oilseed crops, and its seeds contain about 32%–

40% oil (Weiss 1971). Safflower oil is used in medications

and considered to be ideal for cosmetics (Weiss 1971; Smith

1996). It is preferred for varnishing in paint industries due to

its specific properties like the absence of linolenic acid, the

presence of high linoleic acid, low color values, low free

fatty acid, unsaponifiability and the absence of wax, which

make the quality of paints, alkyd resins and coatings beyond

comparison (Smith 1996). However, due to the availability

of cheaper petroleum products, the use of safflower oil has

been reduced in paint and varnish industries (Singh and

Nimbkar 2006). The objective of this paper is to optimize

the process of production of biodiesel from safflower oil

using the statistical Taguchi approach. This is an experi-

mental design technique which helps to interpret the con-

trolling factors, their effects and experimental orders from

very few experiments (Kim et al. 2010). This study was done

to observe the effects of methanol-to-oil molar ratio, catalyst

concentration, reaction time and reaction temperature on the

transesterification reaction.

2 Materials and methods

2.1 Materials

Safflower seed oil was purchased from Surajbala Export

Pvt. Ltd, Delhi, India. All reagents such as methanol (GR

grade, moisture \0.02%) and analytical-grade catalyst

potassium hydroxide (KOH) were obtained from a local

chemical store.

2.2 Alkaline transesterification process

The safflower oil was filtered using filter paper and was

used for biodiesel production by the transesterification

procedure (Fig. 1).

(1) 150 g of safflower oil was taken in a 250-mL glass

vessel and preheated up to 105–110 �C to remove

the moisture from the oil and then allowed to cool to

45–50 �C.
(2) Now methyl alcohol (CH3OH) for methanol-to-oil

molar ratios of 4:1, 6:1 and 8:1 and catalyst

potassium hydroxide (KOH) at 0.5 wt% (weight

percent), 1.0 and 1.5 w% of the oil were mixed

together.

(3) This homogeneous mixture of methyl alcohol and

catalyst KOH was mixed with 150 g safflower oil.

(4) The conical flask containing the mixture of oil,

alcohol and catalyst was heated at a constant

temperature of 50–60 �C (Patrascoiu et al. 2013;

Meka et al. 2007; Duz et al. 2011) and stirred at the

same time simultaneously inside a water bath shaker

at about 700 rev/min for 60 min, 75 min and 90 min,

respectively.

(5) After completion of the reaction time, the products

were poured into a separating funnel and kept 1–2 h

for separation of phases (Ilkilic et al. 2011). In the

separating funnel, the products separated into two

layers. Due to higher specific weight, glycerol settled

at the bottom and the upper layer was biodiesel

(Fig. 2c). The glycerol was discarded.

(6) After separation, the biodiesel was washed with hot

distilled water in order to remove remaining methyl

alcohol, catalyst and impurities present.

(7) Finally, the biodiesel was placed in a hot air oven

and heated at 100 �C to remove excess water

content.

2.3 Experimental design by the Taguchi approach

The Taguchi method is a statistical experimental design

approach, which is based on specially designed orthogonal

Safflower seed oil

Transesterification

Biodiesel

Hot water wash

Hot air oven

Pure biodiesel

Separation of phase at
separating funnel

Methanol &
catalyst (KOH)

Glycerol

Heat & stirring

Removal of
KOH

Fig. 1 Schematic diagram of biodiesel production process
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arrays to evaluate entire process parameters and their effect

on the process. This approach gives the minimum number of

experimental sets and provides with complete information

about performance parameters influenced by factors. This

technique has rarely been compared with other methods,

whether analytically or experimentally (Ross 1989). The

statistical technique was used in this method to analyze the

process conditions. Taguchi method is favored over ‘‘single

process factor at a time’’ experiments as it gives wide

information about the interaction between the process

parameters, and the optimized condition can be achieved

with a limited number of experiments (Phadke 1995).

The Taguchi method provides much diminished vari-

ance of the experiment with appropriate settings of process

parameters. For the optimization of performance parame-

ters, the signal-to-noise ratio (S/N ratio) needs to be cal-

culated for each experiment. Three types of S/N ratio were

defined in the Taguchi method based upon the goal of an

experiment which is shown in Table 1.

In the present study, three level designs have been done

by using the Taguchi approach in Minitab 2016 software.

Table 2 shows the chosen factors that affect the perfor-

mance parameters which were the methanol-to-oil molar

ratio (X1), catalyst concentration (X2), reaction time (X3)

and reaction temperature (X4). Two performance parame-

ters were considered in this experiment: (1) the percentage

yield of biodiesel (Y1) and (2) the viscosity of biodiesel at

40 �C in cSt (Y2).

Nine experiments run using the Taguchi method were

selected according to orthogonal array L9. The experi-

mental design matrix and effect of factors on the perfor-

mance parameters are shown in Table 3.

2.4 Analysis of variance (ANOVA)

Evaluation of experimental data was based on S/N ratio. It

was carried out from the optimal design of process

parameter combinations. In this study, ‘‘larger is better’’

S/N ratio was selected to attain maximum yield of biodiesel

and based on the nature of performance parameters,

‘‘smaller is better’’ S/N ratio has been adopted for the

Biodiesel

By product
(glycerol)

(b)(a) (c)

Fig. 2 a Safflower, b safflower seed, c safflower biodiesel and glycerol

Table 1 Signal-to-noise ratio

(S/N ratio)
S/N ratio Goal of the experiment S/N ratio formula

Larger is better Maximize the response
S/N = �10� log10

PN
j¼1

1
.

Y2
j

� �

=n

� �

Smaller is better Minimize the response S/N = �10� log10
PN

j¼1 Y2
j

� �
=n

� �

Nominal is better Target the response S/N = 10� log10
Y2
i
�
s2i

� �

Table 2 Chosen parameters and their levels

Process parameters Levels

-1 0 1

Methanol-to-oil molar ratio X1 4:1 6:1 8:1

Catalyst concentration,

wt%

X2 0.5 1.0 1.5

Reaction time, min X3 60 75 90

Reaction temperature, �C X4 50 55 60
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viscosity of biodiesel. By using S/N ratio approach, it was

feasible to get the optimum level of the individual process

parameters and those optimum parameters providing the

highest yield of biodiesel. However, to determine which

factor has affected the product significantly and how much

they contributed, statistical analysis of variance (ANOVA)

of the response data can be used. The percentage of con-

tribution of the factors was evaluated with the following

equations (Kumar et al. 2015).

Contribution factor (%) ¼ Sf

ST
� 100

where Sf is the sum of squares of fth factor and ST is the

total sum of squares of all parameters.

3 Results and discussion

3.1 Statistical analysis: effect of factors

In the present work, maximum biodiesel yield and mini-

mum viscosity were assigned as objectives. Therefore,

larger S/N ratio was best for the performance parameter Y1

Table 3 Design of experiments

and results by using Taguchi L9

array

No. Levels Yield (Y1) of biodiesel, % Viscosity (Y2) at 40 �C in cSt

X1 X2 X3 X4

1 -1 -1 -1 -1 76.07 10.31

2 -1 0 0 0 94.21 8.79

3 -1 1 1 1 93.81 5.60

4 0 -1 0 1 86.12 12.01

5 0 0 1 -1 90.34 11.99

6 0 1 -1 0 95.54 7.14

7 1 -1 1 0 84.14 11.39

8 1 0 -1 1 88.66 8.98

9 1 1 0 -1 83.80 10.23

Table 4 S/N ratio at each level

of factors and rank of factors
Level S/N ratio corresponding to Y1 S/N ratio corresponding to Y2

X1 X2 X3 X4 X1 X2 X3 X4

-1 38.85 38.28 38.73 38.40 -18.04 -21.00 -18.80 -20.68

0 39.14 39.18 38.88 39.20 -20.08 -19.84 -20.22 -19.03

1 38.64 39.17 39.02 39.03 -20.13 -17.41 -19.22 -18.54

Range 0.50 0.91 0.29 0.79 2.09 3.58 1.42 2.14

Rank 3 1 4 2 3 1 4 2
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Fig. 3 S/N ratio graph for % yield (Y1) of biodiesel
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Fig. 4 S/N ratio graph for viscosity (Y2)
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and smaller S/N ratio for the performance parameter Y2.

The S/N ratio at each level for all four factors and their

range and rank are tabulated in Table 4.

From Table 4 it can be seen that the rank of each pro-

cess parameter was given along with their range. The range

of each process parameter was calculated as the difference

between largest and smallest S/N ratio. The higher value of

range was designated as rank 1. As per rank of the process

parameter, the parameter X2 (catalyst concentration) has

been recognized as the most effective parameter for both

performance parameters Y1 and Y2.

The effects of each process parameter on the perfor-

mance parameter at three different levels are shown in

Figs. 3 and 4. The maximum value of S/N ratio in each plot

of performance parameters describes the optimum level for

a particular parameter. For maximum biodiesel yield and

minimum viscosity, the optimum level of each parameter

was X1 (methanol-to-oil molar ratio) at level 0 (6:1), X2

(catalyst concentration) at level 0 (1 wt%), X3 (reaction

time) at level 1 (90 min), X4 (reaction temperature) at level

Table 5 Percentage of contribution of process parameters

Factor Sum of square, Sf Contribution of factor, %

For Y1

X1 39.53 12.6

X2 160.21 51.1

X3 10.72 3.42

X4 102.96 32.8

For Y2

X1 8.51 22.0

X2 19.67 50.8

X3 3.54 9.1

X4 6.99 18.0

94

92

90

88

86

0.6
0.8

1.0
1.2

1.4

95.60

93.64

91.68

89.72

87.76

85.80

83.84

81.88

79.92

77.96

76.00

Biodiesel yield, %

X2 X2
X3X1

X3

Y1 Y1

Y1

X4
X4

X1

Y1
84

82

80

78

76

94

92

90

88

86

84

82

80

78

76

94

92

90

88

86

84

82

80

78
76
50

52
54

56
58

60 4

5
6

7
8

60
70

80

90 50
52

54
56

58
60

94

92

90

88

86

84

82

80

78

76
0.6

0.8
1.0

1.2
1.4 60

70

80

90
4

5
6

7
8

95.60

93.64

91.68

89.72

87.76

85.80

83.84

81.88

79.92

77.96

76.00

Biodiesel yield, %

95.60

93.64

91.68

89.72

87.76

85.80

83.84

81.88

79.92

77.96

76.00

Biodiesel yield, %

95.60

93.64

91.68

89.72

87.76

85.80

83.84

81.88

79.92

77.96

76.00

Biodiesel yield, %

(a) (b)

(c) (d)

Fig. 5 3D surface plot of biodiesel yield (%) with respect to a methanol-to-oil molar ratio (X1) and % catalyst concentration (X2), b % catalyst

concentration (X2) and reaction time (X3), c reaction time (X3) and reaction temperature (X4), d reaction temperature (X4) and methanol-to-oil

molar ratio (X1)
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0 (55 �C) and X1 (methanol-to-oil molar ratio) at level -1

(4:1), X2 (catalyst concentration) at level 1 (1.5 wt%), X3

(reaction time) at level -1 (60 min), X4 (reaction temper-

ature) at level 1 (60 �C), respectively.

3.2 Analysis of variance (ANOVA)

The calculated sum of square (Sf) and percentage of con-

tribution factors are shown in Table 5. From the contri-

butions (Table 5), it can be concluded that the factor X2

(concentration of catalyst) was the most influencing

parameter for both performance parameters. The factor X2

(concentration of catalyst) contributed 51.1% of the total

effect of contribution, and among the rests, factors X4

(reaction temperature), X1 (methanol-to-oil molar ratio), X3

(time of reaction) contributed 32.8%, 12.6% and 3.4%,

respectively, for the performance parameter Y1 (biodiesel

yield). On the other hand, factors X2, X1, X4 and X3 were

provided 50.8%, 22.0%, 18.0% and 9.1% contribution,

respectively, for the performance parameter Y2 (viscosity).

Regression analysis has been carried out by the obtained

data of biodiesel yield (Y1) and is specified as the equation

given below.

Equation:

Y1 ¼ 88:1� 1:25X1 þ 4:47X2 þ 1:34X3 þ 3:06X4

R2 ¼ 0:62

Figure 5 represents the 3D surface plot of the combi-

nation of process parameters (X1, X2; X2, X3; X3, X4; X4, X1

vs. Y1). The maximum yield of biodiesel was obtained with

methanol-to-oil molar ratios of 4:1–8:1, catalyst concen-

trations of 0.5–1.5 wt%, reaction times of 60–90 min and

reaction temperatures of 50–60 �C as shown in Fig. 5a–d.

From the statistical analysis of the observed data, it was

found that the yield of biodiesel increases with catalyst

concentration and reaction time and it was maximum at

catalyst concentration of 1 wt% and reaction time of

90 min. Therefore, the optimum parameters for maximum

biodiesel yield were found to be catalyst concentration of

0.5–1.0 wt%, reaction time of 75–90 min and reaction

temperature of 55–60 �C. Beyond a catalyst concentration

of 1.5 wt%, the biodiesel yield decreased due to incom-

plete reaction and soap formation. The presence of exces-

sive catalyst was responsible for forming an emulsion

which increases the viscosity of biodiesel and is difficult to

separate.

3.3 Analysis of safflower oil (SO) and safflower oil

methyl ester (SOME)

Table 6 represents the physicochemical properties of saf-

flower oil and safflower methyl ester. The free fatty acid

(FFA) content of safflower oil was found to be below 2.5%.

So, there was no pretreatment required for biodiesel pro-

duction, and direct transesterification with alkali catalyst

was performed.

Table 6 Physicochemical

properties of safflower oil (SO)

and safflower oil methyl ester

(SOME)

Parameters EN 14214 SO SOME Diesel (Duz et al. 2011)

Density at 15 �C, kg/m3 860–900 897.92 870.32 820–860

Free fatty acid content, % – 2.46 0.24 –

Kinematic viscosity at 40 �C, cSt 3.5–5.0 34.21 5.60 2.5–3.5

Flash point, �C [101 226.8 185 [55

Fire point, �C – 240 200 –

Cloud point, �C – -4 -3 -16

Pour point, �C – -6 -7 -33

Higher heating value, MJ/kg – 40.2 42.45 42.7

Iodine number, g/100g Max. 120 105.5 119.6 –

Cetane value 51 min – 51.04 49–55

Water content, mg/kg Max. 500 443.8 229.5 –

Table 7 Fatty acid composition of safflower

Fatty acid profile Content, wt%

Palmitic acid 10.78

Stearic acid 3.41

Oleic acid 23.94

Linoleic acid 21.04

Linolenic acid 2.39

Arachidic acid 0.59

Behenic acid 0.43

Saturated 16.05

Monounsaturated 22.39

Polyunsaturated 66.25
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The fatty acid composition of the safflower oil (Table 7)

and safflower oil methyl ester (Fig. 6) was analyzed by gas

chromatography.

4 Conclusions

The purpose of this experimental study was to optimize the

process parameters which exert significant effect on the

transesterification process. Three process parameters, the

methanol-to-oil molar ratio, catalyst concentration and

reaction time, have been taken into consideration for the

optimization of biodiesel yield and its viscosity using the

Taguchi approach.

(1) It was found that the optimum conditions for

enhancing the biodiesel production by transesterifi-

cation were the methanol-to-oil molar ratio of 6:1,

catalyst concentration of 1 wt%, reaction time of

90 min and reaction temperature of 55 �C.
(2) As per the objective of performance parameter Y2

(viscosity), the optimum conditions found from the

graph of S/N ratio were methanol-to-oil molar ratio

of 4:1, catalyst concentration of 1.5 wt%, reaction

time of 60 min and reaction temperature of 60 �C.
(3) The concentration of catalyst was found to be the

most influencing factor for both performance param-

eters Y1 and Y2. The percentage of contribution of the

concentration of catalyst for Y1 and Y2 was 51.1% and

50.8% of the total effect of contribution, respectively.

(4) Kinematic viscosity is one of the most important

properties of biodiesel. So, optimization of the

transesterification process was based on the both

performance parameters, i.e., biodiesel yield and

viscosity. As per the design of experiments, the

experimentally obtained maximum biodiesel yield

was 95.5% with viscosity 7.14 cSt, whereas the

minimum viscosity of biodiesel produced was 5.60

cSt for which the yield of the biodiesel was 93.8%.

As the viscosity of the former sample was beyond

the standard ASTM limit, the process parameters of

the latter, which were methanol-to-oil molar ratio of

4:1, catalyst concentration of 1.5 wt%, reaction time

of 90 min and reaction temperature of 60 �C, were
considered as the optimized conditions for this

transesterification reaction.
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