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Research subject: Nowadays, due to the prevalence of coronavirus and
the increasing use of disinfectant solutions and gels, the use of glycerin
has also increased dramatically. But the suggested processes in this field
need to be optimized in terms of production and energy consumption.
Research approach: In this paper, the transesterification method has
studied and simulated, during which vegetable oil is converted into bio-
fuel, and glycerin is also produced as a by-product of this process. For
this purpose, process simulation of a conventional unit with 5.5 m3/min
feed has been done in Hysys. Also, due to the importance of equipping
the transesterification reactor, by importing the necessary process in-
formation, this equipment has been simulated in COMSOL MultiPhysics
and the effective parameters have been studied in order to optimize the
product conversion. After validation of model, to better understand the
factors affecting the performance of the transesterification reactor, the
effect of selected parameters first examined by one-variable at the time
design of experiment approach.

Main result: Finally, it has been shown that the feed temperature and
the flow rate both have significant impact on quantity and quality of
product and while providing a model for calculating the amount of glyc-
erol produced per unit of energy consumed, the effective parameters
are optimized by the response surface method. In optimal conditions of
the ratio of product production to energy consumption, the temperature
value was 470.7 K and the feed flow rate was 0.586 m3/s. According to
the gained results, it can be obtained by adjusting the flow rate to the
optimal value, using a preheater in the production processes of biofuels
and glycerin can have a significant effect on the amount of products pro-
duced so that the optimal temperature for the output of this preheater
is at least 470.7 K should be considered. In the current research, an op-
timization scheme has been suggested which can be used for different
Biodiesel-Glycerol production units with various ranges of flow rate.
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Fig. 1. Transesterification reaction and production of biofuels and glycerin [17]
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Flg 4. Simulation results related to (a) velocity profiles in the reactor. (b) Temperature profile (c) Concentration

profile of substance A or triglyceride inside the reactor
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Fig. 5. Comparison of the percentage of conversion calculated at different temperatures in the simulation and the
values calculated with the model of Li et al [19]
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Table 1. Minitab software design template for simulation design

RUN actual value | coded value product*10000/emgy (kg GLY/kJ)
T FLOW A B

1 400 0.586 0 -1.4142 7.773789127
2 329.3 2 -1.4142 0 0.265871416
3 300 1 -1 -1 1.20665742

4 400 3.414 0 141421 2.719534416
5 400 2 0 0 3.970520247
6 300 3 -1 1 0.481276006
7 400 2 0 0 3.997715591
8 500 3 1 1 13.2242073

9 400 2 0 0 3.983574012
10 470.7 2 141421 0 14.1421994

11 400 2 0 0 3.997715591
12 400 2 0 0 3.997715591
13 500 1 1 -1 13.72557367
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Table 2. Analysis of variance performed in Minitab software

Source DF AdjSS Adj MS F-Value P-Value
Model 5211.394 42279 3977 0.000
. ‘—---\
linear Linear 2192.001  96.000 9030 :0.000:
terms Temperature(K) 1 185,542 185542 17453 :0.000:
flow rate(cubic m/s) 1 6459 6459 6.08 :&{]43}
Square 2 19.384  9.692 9.12 :0.01]:
nonlinear.  Temperature(K)*Temperature(K) 1 17367 17367 1634 10,005 PR A .
terms flow rate(cubic m/s)*flow 1 3.809  3.809 3.58 0.100 {forcr = 0.051
rate(cubic m/s) isi gni ficance:
2-Way Interaction I 0009 0009 001 0928 |~ " H
Temperature(K)*flow rate(cubic 1 0.009 0.009 0.01 0.928
m/'s)
Error 7 7442 1.063
Lack-of-Fit 3 7441 2480 22527.08 0.000
Pure Error 4 0000 0.000
Total 12 218.836
Contour Plot of production/e vs flow rate{cubic m/s). Temperature{K)
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Fig. 10. Results related to optimization with response level method. a) Changes in the amount of product produced to
energy consumption with temperature and feed flow. b) Contour of response changes to variables. c) Calculation of
optimal values for temperature and flow in Minitab software. d) The effect of each of the linear and nonlinear terms
on the response
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