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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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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]

T=420K

T=440K T=460K

conversion

0.9
0.8
0.7
0.6
0.5
0.4
0.3
[
0.1
[1]

T'=480K T =500K

58S Ty o @alize oles polie j0 W pudS 65 has ao o Jade £ S
Fig. 6. Percentage of triglyceride conversion at different temperature values in the reactor

oy = (oo (owiinn 60,1 b gl ) Ay G (SABg R (oole allad |\ Y



ol ol a4y J5005m 5 JgyaedS adgi 0l b (g5loands

Iry

0.95} 1
0.9F
0.85% —
0.8 -
0.75
or
0.65)
06
0.55F =
05
0451
a4t
0.35
03t
0.25F
0z
0.15} 4
o1
0.05

Mear to center

Conversion

Reactor

s “
— T=380K)|
= T=400 K
— T=420K
—— T=440 K
— T=460K
Near to wall T=480 K

1 A A

_-_‘-‘_‘-‘_‘-‘-‘_‘_-_'_‘———1

]
=) b

0 0.1 0.2 0.3 04 0.5

radial location

[ 0.8 0.9 1 11 1.2

G5STy 2oy doie SO o e8]y o @l gbes polie jo 0 e IS 65 bas de o Jlaae VS
Fig. 7. Percentage of triglyceride conversion at different temperature values in a plane near to the reactor outlet

Slyes 20y Y-)-¥
€88 b s ualSYY . ol g el Slyss slas S5
5o oa@d STy oles asile looy «STjam o a8l
sl 59 g9—d9e (=l g anbios 2Bl 5551, 0950
Jmows oo o ials cely il cnl j5uSTy x> 4 S
59=S1) 0,lgm0 S0 >lgl 4 Hmored Wl dnles
2y b @l s pae by b 6l 50 Jdow
O ¥l Az )0 g Jhow Co s Jlaiie 090 05 doed
3 i Sl sl Joad sy Jlacie wole lsg
u._.;‘ WWMM‘ 099 6—"5" G_SL:
Oh—an g Li la gy so il )l S Juo L gl

Slygs o0 a5 sl sael Cwoay al, b as g

(Al el yraaSo o O/
=Sy dilisee bLis o Lo ,3b s vt j9—Laieds
S0 e )9S (og P 50 @ Bly Ao S o
Glla (Y JSL5) oy sy cilizes slabes o Jyas
Lol sesly i3l Lo Ltyl3dl Uy (o oo s i
Ao, yeaSTy oylen s an o Soop L anl gles o
510 (3sro A, (Asle Loy Liolidl Ldoa) Jsas
o lasd ds s Suoy L e paeion alols Sy 5l Ll
Sl 5 a5 oS o lay ialS Joad oo
e Jolsd s a8 ol ol sanyay ol s e
Ao SO0 5 Jlmw ey a Sl oo jlg o 4 S0y
o dgdl g (mlrale jlpe JLil gl ol he
a5l ol a8 (ol 5l g S (o oy i 3538
5 oo JUi] ey ialS el o an] la

Dg o Jmdd do o yialS A

74 T
72
70
68
66
64
62
60
58
56
54
52
50
48
46
a4
42
40
38

residence time (s)

T r 1 111 T T T1rrrr T

—¥— Li et al Model
—&— Our Work

[=]

0.5 1
volume flow rate (m~™3/s)

DAl ohen 5 Li Jow b oasdnbre polio g (55lwarcd ;o cilises gla oo ;0 sadawbns wile olej laie duglie A S
Fig. 8. Comparison of the amount of residence time calculated in different discharges in the simulation and the values
calculated with the model of Li et al [19]

YIVY ok — oo (i 3, o gy (sl 4 o (SAg R (oole aolibad



ol 4y J5005m g JgyeedS adgi 0l b g5luanls

3

_Ozm m3
Q=0 hr

Q=067—

m
Qflg

conversion

0.7
0.6
0.5
0.4
0.3
0.2
0.1

3

5551y e @lize 00 polas ;o Sy oS ws)e )‘J.A.a U
Fig. 9. Percentage of triglyceride conversion at different flow rates in the reactor

Glwddaga Y-Y
Jy—aze Olyae 2 el o 56 8 s 0
= e s (3 558y o Slee (g 5lwaige
30 45 Wload awlxe po 3l Jii e Lo ol L o0l
oLl o 635 sl il iy 05 ] e
PL: C.Ia_o.u U’dj) )| oolai_wl l_s o..\_wul.?h." ‘_gu).m‘)l.:
O055) oty (6l 5y 5l ai a el (laig
03— sl | Minitab jl38ls 5 51« 5lwars oS
) cadize gla el )l joolie )0 (gilwand 53,5 1,
oanlie ) Joaz ;0 0le o 5l 0,5 aales olp iy

= dnbojlaan a8 S a ol g e i hae
aJgs ‘:Sl)j_i» = el g wls pals ) e ST,
(o2 ol Giolidl Sk slols o ol Jemase S
LJ—’| J_QQLSA)‘)_Q)_EPLJO)_&A)Q |) s5|)5_> 009—l>
slos il L orul golo po oo gl,— g5—o90
Al s ald e (e (65, Jlaie S5
Ot—eelS (o)l Pls3 A 4z gl iren b o
olsal sl Jlaie csl oo dbod 4 oyl ol 4
Ol Lol g S5 as a S o il glaseS 4 sai
sl o ld o5, Sl e oran 9 0T ool
5y o=l 5ol adod golaidl , b jla S 5, S YL
PR Z LIPS S PR WP Y OGS R N ) PR U SN
39Sy an (699, Slyss o slos laie Sl 6l

el (5598 el ]

Slwaaes o ool (>ob (sl Minitab Jl5dle 5 goleiay s551) Jgur
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 39.77 0.000
linear Linear 2192.001 96.000  90.30 {0-1]00‘:
terms | Temperature(K) 1 185.542 185.542  174.53 ia.ona:
flow rate(cubic m/s) 1 6459  6.459 6.08 :0,043=
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 3809 3809 3.58 0.100 :)rora = 0.051
rate(cubic m/s) :signi ﬁcance:
2-Way Interaction 10009 0009 o001 0928 LT H
Temperature(K)*flow rate(cubic 1 0.009 0.009 0.01 0.928
m/s)
Error T 7442 1.063
Lack-of-Fit 3 7441 2480 22527.08 0.000
Pure Error 4 0.000 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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- 0.899 flow rate(cubic m/s)
+ 1.580 Temperature(K).Temperature(K)
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+ 0.048 Temperature(K).flow rate(cubic m/s)
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