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Investigation of energy efficiency of biodiesel production at different times of
transesterification reaction
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Abstract

Fossil fuels shortage, the huge amount of pollution produced during burning and their increasing costs caused
that, biomass resources especially biodiesel have been noticed by researchers. In a common way, biodiesel is
produced using esterification method including reaction between triglyceride with short-chain alcohols like
ethanol and methanol. The reaction between a triglyceride with alcohol only happens in the surface of two
heterogeneous liquids. In this study, energy efficiency and the effect of time on the reaction to produce biodiesel
from waste oil was oil. In this research, the energy efficiency at different reaction times was investigated on the
production of biodiesel from waste oil. In this study the energy inputs such as waste cooking oil, methanol, catalyst,
electricity and energy for biodiesel production and output of energy, including biodiesel, glycerin, excess alcohol,
water, soap, monoglycerides and diglyceride to estimate energy efficiency were calculated. As well as to calculate
the weight of waste oil fatty acid esters and triglycerides were measured. The results of this study showed that the
energy used to produce each litre biodiesel at 30, 60 and 90 minutes reaction times was 49.44, 39.34 and 36.77
megajol respectively, and the reaction time was 60 minutes with conversion of 99% triglyceride to esters of fatty
acid has the highest performance. Energy consumption efficiency for reaction times of 30, 60 and 90 minutes were
1.27, 1.32 and 1.23 respectively and with increasing the reaction time the amount of renewability was decreased
Key words: Biodiesel, Energy Efficiency, Time, Reaction.
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Figure 1. Transesterification of triglyceride with alcohol (a) general equation, (b) three successive and reversible
reactions R1, R2, R3 and R ° represent alkylic groups
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Figure 2. Energy flow in a process
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Table 1. binding energy (kCal / mol)

AH° Double bond AH°  Single bond AH®  Single bond
146 c=C 150 B-F 104.2 H-H
109 N=N 125 B-O 83 c-C
119 0=0 73 C-N 384 N-N
147 C=N 86 N-CO 35 0-0
192 C=0 (C02) 85.5 Cc-O 36.6 F-F
177 C=0 (aldehyde) 110 0O-CO 52 Si-Si
178 C=0 (ketone) 65 C-S 50 P-P
179 C=0 (ester) 116 C-F 54 S-S
179 C=0 (amide) 81 C-Cl 58 Cl-Cl
177 C=0 (halide) 68 C-Br 46 Br-Br
138 C=S (CS2) 51 (O 36 -1
143 N=0 (HONO) 90 C-B 99 H-C
110 P=0 (POCI3) 76 C-Si 93 H-N

70 P=S (PSCI3) 70 C-P 111 H-O
128 S=0 (S02) 55 N-O 135 H-F
93 S=0 (DMSO) 87 S-O 103 H-CI
84 pP=p 135 Si-F 87.5 H-Br
117 P=P 90 Si—Cl 71 H-1
258 Cc=0 110 Si-O 90 H-B
200 Cc=C 79 P—CI 81 H-S
226 N=N 65 P-Br 75 H-Si
213 C=N 90 P-O 77 H-P
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Table 2. Energy inputs and outputs content in biodiesel production

Reference En(el\r/glqj;lcjcr)l?tt)ent wnit) Title
Inputs
(Singh and Mittal., 1992) 1.96 h Labor force
(Singh and Mittal., 1992) 25 kg Waste cooking oil

Hou et al., 2009) 33.67 kg methanol
(Sheehan et al., 1998) 19.87 kg Catalyst(KOH)
(Singh and Mittal., 1992) 11.93 kW/h Electricity
(Singh and Mittal., 1992) 68.4 Kg Machine
Output
Brian & Krohn, 2012) 37.25 kg biodiesel
(Anonymous., 2012a) 253 L glyceride
Hou et al., 2009) 33.67 L Alcohol additions
(Anonymous., 2012b) 0.01 L Water
(Anonymous., 2012¢; Anonymous., 2012d) 44.55 kg Soap
(Anonymous., 2012¢; Anonymous., 2012d) 66.49 kg Monoglycerides
(Anonymous., 2012¢; Anonymous., 2012d) 67.26 kg Di glycerides
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Table 3. Energy Model for Biodiesel Production at Different Reaction Time
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Time
90 60 30 . .
o Total energy o Total energy o Total energy unite Amount of inputs and outputs
’ (MJLY) 0 (MILY ° (MILY
Inputs

1.280 0.470 1.026 0.353 0.825 0.412 (h) Labor force
72.749 26.75 73.422 25.25 78.203 39 (L) Waste cooking oil
21.061 7.744 21.539 7.407 18.230 9.091 (L) methanol

0.865 0.318 0.867 0.298 1.056 0.517 (kg) (KOH) Catalyst

2.368 0.871 1.769 0.608 1.029 0.513 (kwh) Electricity

1.674 0.616 1.392 0.479 0.686 0.342 (h) Machine

36.769 34.395 49.874 Total energy input
Output

82.266 37.25 82.302 37.25 58.81 37.25 (L) biodiesel
6.146 2.783 6.149 2.783 5.193 3.289 (L) glyceride
5.949 2.694 5.951 2.694 4.784 3.030 (L) Alcohol additions
0.00008 0.00004 0.00006 0.00003 0.00003 0.00002 (L) Water
2.558 1.158 2.362 1.069 1.899 1.203 (L) Soap

2.349 1.062 2.057 0.931 17.216 10.904 (L) Monoglycerides
0.743 0.336 1.189 0.538 12.105 7.668 (L) Di glycerides

45.285 57.317 45.285 Total energy output
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Figure 3. Energy percentage for producing biodiesel at different reaction times.
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Table 3. energy indices on biodiesel production in different time period of reaction

90 &0 time 0 Unit Energy index
1.231 1.316 1.27 - Energy ratio
41.783 39.086 56.675 MJ kgt Specific energy
0.0272 0.029 0.02 kg MJ! energy efficiency
8.516 10.87 13.47 MJ L1 Pure Energy
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Table 5. Total input energy in the form of direct, indirect and renewable energy.

time
% 90 % 60 % 30 Energy form
24.709 9.085 24.334 8.369 20.083 10.015 Direct Energy
75.288 27.683 75.681 26.027 79.925 39.859 Indirect energy
74.029 27.220 74.448 25.603 79.029 39.412 renewable energy

25.968 9.548 25.567 8.792 20.979 10.462 unrenewable energy
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