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Commercial optimization of biodiesel production from rapeseed oil as a clean
fuel for thermal power plants
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In recent years, coinciding with the expansion of biofuel production, attempts have also been made to
Received 23 April 2016 optimize production processes. In this study, Response Surface Methodology (RSM) was used to

Accepted 23 July 2016

Available Online 14 September 2016 investigate the transesterification reaction of rapeseed oil for biodiesel production. Three main factors,

in order to convert triglycerides into fatty acid methyl esters (FAME), were applied according to a
central composite design. These factors were catalyst concentration (NaOH), reaction temperature and

Keywords:

Biodiesel time. The yield of methyl ester as the first response was determined using NMR method. The second
rapeseed oil response was the commercial cost of production. The results showed that the best conditions for
transesterification producing biodiesel in constant molar ratio of 1:6 oil: methanol were the temperature of 59.45 oC,

design of experiments NaOH concentration of 0.31 %wt/wt and reaction time of 60 min. At these optimum conditions, the

yield of methyl ester and cost of production for one liter biodiesel are 78.65% and 70.58 ¢, respectively.
Also, some chemical and physical properties of biodiesel were compared with petro-diesel fuel.
According to the results, biodiesel fuel is a suitable substitute for petro-diesel fuel.
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Table 1 Properties of rapeseed oil.
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Fig. 2. Production of biodiesel from rapeseed oil
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CH,OCOR, CH,0H R, 00CH,
NaOH

CHOCOR, + 3CH;0H «— CHOH + R,00CH,

CHOCOR, CH,OH R;00CH,

Triglyceride Methanol Glycerin Methyl Ester

Fig. 1. Transesterification reaction
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Fig. 4 (b) The purification (@) The searation process of

process of esters glycerin
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Fig. 5 Assignment of chemical shifts of protons in transesterification
reaction[5]
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Table 2 Variables, units and levels of selected central composite design
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IRV ERVRWIRS
A Olgeanie ange
i 5 SErae &5
Joe bawgs
68.318 68.179 76.13 65.71 10.42 1
75.032 75.3115 72.81 61.56 11.25 2
76.755 77.0051 68.91 58.23 10.68 3
71,686 70.9907 76.91 65.63 11.28 4
68.340 67.9034 83.61 61.18 14.42 5
66.096 65.4732 86.18 72.25 13.93 6
71812 71.4382 74.12 55.84 18.28 7
56.684 57.2508 85.39 62.45 22.94 8
75.054 75.1042 78.72 65.86 12.82 9
78.724 78.5932 73.88 59.83 14.05 10
74.940 74.9935 70.93 62.95 7.98 11
66.985 66.6795 81.67 71.23 10.44 12
71,686 72.1607 78.28 66.86 11.42 13
74729 74.6198 69.13 63.28 585 14
78.724 78.6509 85.73 7256 13.17 15
71596 72.7751 80.19 70.87 9.32 16
71.686 71573 77.31 66.46 10.85 17
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50 1.74 45 16
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Table 5 Analysis of Variance (ANOVA) for the Response Surface
Model
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Fig. 7 Response surface plot for the interaction between variables for
methyl esters production (a) concentration of the catalyst and time; (b)
concentration of the catalyst and temperature; (c) time and the
temperature
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Fig. 8 Desirability for R; and R, (a) concentration of the catalyst and
time; (b) time and the temperature; (c) Concentration of the catalyst and
the temperature
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