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1. Transestrification
2. Triglycerol

3. Supercritical

4. Waste cooking oil
5. Triglycerol

6. Free fatty acid
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1. Free Fatty Acid
2. Triolein

3. Palmitic acid

. Stearic acid

. Linoleic acid

. Oleic acid

. Methyl Oleate

. Methyl Linoleate
. Methyl Palmitate
0. Methyl Stearate
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1. Non-Random Two Liquid
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Figure 1- Schematic of esterification process
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Figure 2- Schematic of transesterification process
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Table 1- Specifications of the main streams of the simulation

Stream S-2 S-3 S-5 S-17 S-18 S-21 FAME GL
Temperature(°c) 32 61 45 62 20 139 134.88 114
Pressure (kPa) 400 400 400 400 400 15 13 20
Molar flow (mol/hr) 2.76 9.39 12.16 2.81 17.70 10.47 7.5 2.91
Mass flow (kg/hr) 2167 314.84 2481 2176 572 2425 2187 222.4
Mass fraction
Triolein 0.94 0 0.82 0.93 0 0.0004 0.0005 0
Diolein 0 0 0 0 0 0.00008 0.0001 0
Monoolein 0 0 0 0 0 0.001 0.002 0
Oleic acid 0.026 0 0.0001 0.0001 0 0.0001 0.0001 0
Linoleic acid 0.021 0 0.0001 0.0001 0 0.0001 0.0001 0
Stearic acid 0.006 0 0 0 0 0 0 0
Palmitic acid 0.0066 0 0 0 0 0 0 0
Methyl Oleate 0 0 0.024 0.027 0 0.86 0.96 0
Methyl linoleate 0 0 0.019 0.021 0 0.021 0.019 0
Methy! stearate 0 0 0.005 0.006 0 0.005 0.006 0
Methyl palmitate 0 0 0.006 0.006 0 0.006 0.006 0
methanol 0 0.92 0.111 0.0004 0.96 0.003 .0004 0
water 0 0.003 0.003 0 0 0 0.0008 0.05
glycerol 0 0.067 0.0038 0 0 0.087 0.0001 0.95
Sulfuric acid 0 0.067 0.0038 0 0 0 0 0
NAOH 0 0 0 0 0.037 0.008 0 0
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1. Total manufacturing cost
2. Condenser
3. Reboiler
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Table 2- Summary of decision variables and constraints

Goal Decision variables
50 °C < the first Reactor temperature < 65 °C 0.1 <reflux ratio of the first tower <5
45 °C < the second Reactor temperature <75 °C 0.1 < reflux ratio of the second tower < 3
4.64 m3< the first Reactor volume <14 m? 0.1 <reflux ratio of the third tower < 3
3 m3< the first Reactor volume <9 m3 13.6 kPa < condenser pressure of the first tower < 100 kPa
3< number of stages in the first tower <13 10 kPa < condenser pressure of the second tower < 27 kPa
3< number of stages in the second tower <13 10 kPa < condenser pressure of the third tower < 30 kPa
3< number of stages in the third tower <13 10 kPa < biodiesel separation flash drum pressure < 100 kPa

2< feed stage of the first tower <12

2< feed stage of the second tower <12

2< feed stage of the third tower <12

6 < number of stages in glycerol washing tower < 20

Maximum | 1300 < biodiesel separation flash drum temperature < 240 °C

profit

Constraints
the first, second and third tower temperature < 150 °C
biodiesel separation flash drum temperature < 250 °C
biodiesel mass purity > 0.995
glycerol mass purity > 0.95
methanol flow at the bottom of the second tower < 0.335 M0l/ hr
mass purity of recovered methanol from the first tower < .005
mass purity of the free fatty acid from the first reactor <.001
mass purity of methanol from the top of the glycerol washing tower <0.002
mass purity of water from the top of the glycerol washing tower <0.0001
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3. Working capital
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Figure 3- Schematic of esesterification process by Y.Zhang[14]
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Table 3- Specifications of the main streams of the simulation by Y.Zhang[14]

Stream S-2 S-3 S-4 S-15 S-16 S-18 FAME GL
Temperature(°c) 60 28 70 62 26 122 193.7 112
Pressure (kPa) 400 400 400 400 400 30 10 50
Molar flow (mol/hr) 1.34 6.60 7.94 1.32 7.13 4.95 3.384 1.52
Mass flow (kg/hr) 1050 218 1268 1042 238.30 1161.40 999.880 113.29
Mass fraction
Triolein 0.94 0 0.778 0.937 0 0.042 0 0
Oleic acid 0.06 0 0 0 0 0 0 0
Methyl Oleate 0 0 0.052 0.063 0 0.860 0.997 0
methanol 0 0.954 0.158 0 0.956 0.005 0 0
water 0 0.001 0.003 0 0 0 0.003 0.15
glycerol 0 0 0 0 0 0.083 0 0.85
Sulfuric acid 0 0.045 0.008 0 0 0 0 0
NAOH 0 0 0 0 0.044 0.009 0 0
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Figure 4- Schematic of transesterification process by Y.Zhang[14]
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Table 4- Specifications of the main streams of the simulation in this study

Calculated results in [14] Calculated results in this study
parameter (X 10°$/year) (X 10°$/year) Calculated error
Updated to 2013 Updated to 2013
Total manufacturing cost 11.167 9.85 11.17%
Total capital investment 3.35 217 34%
fixed capital investment 3.85 2.55 33%
. Calculated results in this study
Parameter Calculatfgsrgsults in [16] (X 10°$/year) Calculated error
(x10°$/year) Updated to 2013
Total manufacturing cost 15.804 16.239 3%
fixed capital investment 2.86 2.36 17.48%
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Table 5- Comparison between calculated costs in the two studies

Stream S-2 S-3 S-4 S-15 S-16 S-18 FAME GL
Temperature(°c) 60 28 70 60 27 113 193.7 92
Pressure (kPa) 400 400 400 400 400 20 10 50
Molar flow (mol/hr) 1.23 7.65 8.89 1.23 7.33 5.24 3.54 2.08
Mass flow (kg/hr) 1050 252 1302 1051 237 1181.5 1048 124.6
Mass fraction
Triolein 0.94 0 0.790 0.979 0 0.002 0.002 0
Oleic acid 0.06 0 0 0 0 0 0 0
Methyl Oleate 0 0 0.017 0.021 0 0.888 0.997 0
methanol 0 0.959 0.183 0 0.957 0.008 0 0.003
water 0 0.003 0.001 0 0 0 0.001 0.012
glycerol 0 0 0 0 0 0.089 0 0.85
Sulfuric acid 0 0.039 0.007 0 0 0 0 0
NAOH 0 0 0 0 0.043 0.008 0 0
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Table 6- A summary of the calculation of the total manufacturing cost and the price of the raw materials

Total manufacturing cost =
Direct manufacturing cost + Indirect manufacturing cost+ General expenses
Direct manufacturing cost Indirect manufacturing cost
. Oil feedstock . Overhead, packaging and storage, 60% of the sum
. Methanol of operating labor, supervision and maintenance
e  Catalyst and solvent . Local taxes, 1.5% of fixed capital investment
e Operating labor . Insurance, 0.5% of fixed capital investment
. Supervisory and clerical labor, 15% of operating labor . Depreciation cost
. Low Pressure steam .
. high Pressure steam General expenses
. Cooling water e  Administrative costs, 25% of overhead
e Maintenance and repairs, 6% of fixed capital investment e  Distribution and selling cost, 10% of total
e Operating supplies, 15% of maintenance and repairs manufacturing cost
e Laboratory charges, 15% of operating labors e Research and development, 5% of total
e Patents and royalties, 3% of total manufacturing cost manufacturing cost
Raw material price ($/kg)
Waste cooking oil 0.37
Methanol 0.27
Glycerol 99%wt 1.06
Glycerol 95%wt 1.14
NAOH 37%wt 0.72
Biodiesel 99%wt 1.416
H,S0, 0.064
Water 0.01 ($ / m®)
Steam in 4.5 bar and 210°C 9.87 ($/t0nne)
Steam in 27 bar and 500°C 14.39 ($/tmm9)
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Table 7- Different reaction kinetics used in eserification reaction
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row Catalyst amount (wt.%) Molar ratio (methanol/oil) K;(min™1) K,(g/mg.min)
1 05 9 0.0232 0.000364
2 1 9 0.0254 0.000397
3 15 9 0.0233 0.000381
4 2 9 0.0244 0.000382
5 1 3 0.0216 0.000339
6 1 6 0.0233 0.000364
7 1 12 0.0238 0.000373
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Table 8- Optimal values of the decision variables

# Row from table 7
Decision variables 2 5 6
Esterification reactor volume (m3) 4.64 4.64 4.64
Esterification reactor temperature (°c) 50 51.69 52.82
transesterification reactor volume (m?) 4.64 511 4.82
Esterification reactor temperature (°c) 75 74.99 74.99
Number of stages of columnl 8 9 9
Number of stages of column2 3 3 3
Number of stages of column3 3 3 3
Reflux ratio of column 1 0.25 0.5 0.27
Reflux ratio of column 2 0.1 0.1 0.1
Reflux ratio of column 3 0.1 0.1 0.1
Feed stage of columnl 4 5 5
Feed stage of columnl 2 2 2
Feed stage of columnl 2 2 2
Condenser pressure of column 1 (kPa) 100 100 84
Condenser pressure of column 2 (kPa) 10 10 10
Condenser pressure of column 3 (kPa) 10 10 10
Biodiesel flash drum temp (°c) 143.41 152.27 145.93
Biodiesel flash drum pressure (kPa) 6 5 5
Number of stages in the glycerol washing tower 6 6 6
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Table 9- Calculated costs for each process

Costs($)

# Row from table 7 2 5 6
Flash drums 8.1125x10* 8.1923x10* 8.1450x10*
Esterification reactor 4.7159%10* 7.8034x10* 4.7929%x10*
Transesterification reactor 5.7894x10* 6.0186x10* 5.8833x10*
T-1 (the first distillation tower) 4.9712x10* 4.6926x10* 4.9694x10*
T-2 (the second distillation tower) 3.4804x10* 3.4805x10* 3.4804x10*
T-3 (the third distillation tower) 3.2386x10* 3.2385x10%* 3.2386%10*
Glycerol washing column 1.3324x10* 1.3324x104 1.3324x10*
Water washing column 1.3324x10* 1.3324x10* 1.3324x10*
Pumps 7.1000x10* 7.1000x10* 7.1000x10*
Heat exchangers 2.4803x10* 2.4819x10* 2.4806x10*
Solid production reactors 1.990x10* 1.990x10% 1.990x10%
Consumption methanol 6.1264x10° 6.1312x10° 6.1282x10°
Steam 1.8202x105 1.4126x10° 1.6023x10°
_ Cooling water 2.9797x103 2.2344x10° 2.5868x103
Fixed capital investment 2 3584%106 23641106 2.3684x106
Total capital investment 2 7749%x106 2 7815x106 2.7867x10°
Total manufacturing cost ($/year) 1.6287x107 1.6239x107 1.6263%107
Revenue ($/year) 2.9181x107 2.9168x107 2.9186x107
Profit ($/year) 1.2894x107 1.2929x107 1.2913x107
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Figure 6- The effect of temperature and volume of the a) esterification b) transesterification reactor on the biodiesel production rate
Ogw s il o 357 593515 () 9 gty 59Ty (W) 0 J 3209w dlgi jladlo 2 59581y eome> g Lo T -7 S

29.1282 2.3669

29.128 2.3668

29.1278

29.1276 2.3667

29.1274 2.3666
g 291272 5
2 29127 23665 3
= 29.1268 2.3664

29.1266

29.1264 }*° e fixed capital investment (dollar/year) 23663

29.1262 2.3662

50 52 54 56 58 60 62 64 66

esterification reactor temprature (°c)

Figure 7- The effect of temperature of the esterification reactor on revenue and FCI
b 5yl lo puw a3 g OV puazo (9,8 5l ol g 1 (ygalSy il 95T, slod J1-V S

A



33582 Oboes! plu 5 (6l Loy ans

16.29585 12.9173
16.2958 esseee total manufacturing cost (dollar/year) .
o 12.91725

16.29575 e profit (dollar/year)

16.2957 12.9172

16.29565 12.91715 &
» o
S 162956 > =
= 16.29555 o171 =
=

16.2955 12.91705

16.29545

12.917
16.2954 |°*
16.29535 12.91695
50 52 54 56 58 60 62 64 66

esterification reactor temprature (°c)

Figure 8- The effect of the esterification reactor temperature on the total manufacturing cost and profit
il 51 ol Sgm 5 aulgi 4l 30 S 2 (pidenSady ol 5T sloo 1 -A S

grslnly @de lo)lad ;o STyss g b hisn; 5 HomslsS (Bras 6551 jdS 0920 -0 5 WA gl S

a3 ge olis s
353.5 335
Q — O
353 a0
—_ 2 B
E 352.5 &, e=O==pressure=0.1bar
- *? 325 = presure= 0.549bar
2 352 ©
S § 320 = J==pressure= lbar
T e=Om=pressure= 0.1bar <
3 3515 <
IS = pressure= 0.549bar § 315 —
Q —<>
E 351 () ==CF=pressure= lbar .“é
o 5
T
= 3505 S 310 [ — .
350 305
2 4 6 2 4 6
feed stage feed stage
(b) (a)

Figure 9- Effect of the condenser pressure and feed stage on the (a) Reboiler and (b) condenser heat duties
3915 () s gy (AN 2 F 1> 5 1 STHed (S 9 jgunilass jLid 1 -1 Il

Aogey Erae @il LY L o g cul sad ol (655 cppeS SL /) HLlad po ol (astin aS 45T Lo

L aslio jo Oglate gla,lad jo jamlasS Brae g5, Hlade j0 Sglas a5 cga o 5l del .caslylo 1) 093 Jlade o YL
YL by los JLad (nl )0 s (Byb 5l ol Jols LY g Gl 6l HLad oy el i Shisn ) (B rae 55
OglSets sl 53T (Bran 551 28U crge Les (ul oS ail sl 45Ty @ bz (nl 09z 5 <l PVC 20

olBl g (dds ggoge (ol &S Wb oo 2B 35z YL by sl HemdlasS L GalS L ST Syge 0 040 oo



WWAY Glis) pylez ojlads (ool Jlo (3l § Co g cdghy — sole &y s

b eIV (G Lad o yieS des Cusgasme JJoas pga g g oz ) el el (ygenlSiity il 5535 55 (Brae (655
aS s ol cal oals Jol> el 5 oo YIAY p ez z 0 b Jgame b2 (00 ol sdbaulxe jLid o s
@ sl Ol jgas JJoas <120 JgpedS Koo )b 5l 5 Cllad 0939 /A0 ¢ +/A8 JgpmedS Cad 10 Slodas gles
Codgaze Judo 4 (pzmen. Cuwl 00l dnwlxe 59,8 5l (g golaidl > < /A0 (! /AR 4 s (5 0>
C8,,00 ge g (pl yo YL les ol aid )5 sl pES Slad o i dle e ol (Jpoge (63Bg0 cusSTaz jo Lo

Lol ol Cawdas £ 55 gl sleab gzl 7 0 sy age Jol e olass 09l oo Joilio o ol ol jerds Jpogm

Silwtinte aolol )3 g (luancd oy, 4kl al>yo 0 il (Seiiw Ll b (Jnoge wlgi anls cadllas cpl 5o
wirzn ol ol 45 09 LI Y s, & Jplie Jye coms 45 0 Jols oloj dings el cnlliae ol 5o ol 0
s Lol Jlo 5 V5 ypekea VYAY 5T 51 Lol 5ms 5 Lo 52 ¥ 5pekes VHITE alss
o2 5 305 95 Olie 2 oo 45 Sz T 51T, 50 sles 45 0y ol ah Jolo alte ol jo & (5,500 Az
Comd il an8ls wnld cnl aie balpd et 53 xSt 3l Wl oo conl 53T b yeST) Syae 550
55 codal Cuwday /D @y YL ;o Vb esls b Jilie 4 sy 9 @ 00 Jsilio 5 ol Ss2g Jeoa Jol s 5o (85 2
s ghas Job Jlaae Blas dazy jo pols olge (hgx sles oby OMS| Jdoay (sum oz 0 &5 Jb
5 s 4oy Shg; (Bran 6551 L 45 (6 psboas sl Sptin w1 (a5 2 bosiitas a1l 53 L jgeilacS
Tr 5 g (Bras 535 58 S iz pE S|t i Jome (izmen 8l nSe alally jouslaiS a3 L
Jedods poms 5 poo sl g a5 (b 50 0yl 5l syt ol 4 5o ol 092y Jdoar (gl ilulaz sl Jdf
sladinse gsbiren a)lo 5l gilulax s 1) Jolie Jlao @ n jo pol> dlge Jhex slos )3 ala>dle LB DS
rl ool a8 cils wdg slaaze o ool U lagn HeedS 5 g, lp eI SiE Ol g b @ b

9 L1 geaelSity sl Al po 31, Joilio (i 45 090 Gl B gty 2 S0 095 aas o

Lalis 9 e Cow b
Crcr fixed capital investment
Crer total capital investment
Cp, purchase cost for each equipment
I; cost index for (i) year
I cost index for (b) year
K, rate constant of forward reaction
K, rate constant of reverse reaction

&lw

1. G. AntolAn, “Optimisation of biodiesel production by sunflower oil transesterification,” Bioresour. Technol., 83, No. 2,
2002, pp. 111-114.

2. W. Korbitz, “Biodiesel production in Europe and North America, an encouraging prospect,” Renew. Energy, 16, No. 1-4,
1999, pp. 1078-1083.

3. J. M. N. van Kasteren and A. P. Nisworo, “A process model to estimate the cost of industrial scale biodiesel production
from waste cooking oil by supercritical transesterification,” Resour. Conserv. Recycl., 50, No. 4, 2007, pp. 442-458.

4. B. Najafi, “Effect of fatty acid ethyl esters in biodiesel fuel on diesel engine performance,” Journal of Fuel and
Combustion, 5, No. 2, 2012, pp. 25-34. (in Persian)

5. A. Zenouzi and B. Ghobadian, “Effect of the blends of diesel and biodiesel made from waste cooking oil on
Compression-Ignition Engine (CI) performance,” Journal of Fuel and Combustion, 1, No. 1, 2008, pp. 53-59. (in Persian)

6. D. Huang, H.Zhouand L. Lin, “Biodiesel: an alternative to conventional fuel,” Energy Procedia, 16, 2012, pp. 1874-1885.

M



7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

33582 Oboes! plu 5 (6l Loy ans

A. Demirbas, “Political, economic and environmental impacts of biofuels: A review,” Appl. Energy, 86, 2009, pp. S108-
S117.

R. Zah and T. F. Ruddy, “International trade in biofuels: an introduction to the special issue,” J. Clean. Prod., 17, 2009,
pp. S1-S3.

M. Banchero, R. D. Kusumaningtyas, and G. Gozzelino, “Reactive distillation in the intensification of oleic acid
esterification with methanol-A simulation case-study,” J. Ind. Eng. Chem., 20, No. 6, 2014, pp. 4242-4249.

M. Banchero and G. Gozzelino, “Nb205-catalyzed kinetics of fatty acids esterification for reactive distillation process
simulation,” Chem. Eng. Res. Des., 100, 2015, pp. 292-301.

B. Najafi, S. Faizollahzadeh Ardabili, “Effect of fatty acid ethyl esters in biodiesel on thermo-physical properties,”
Journal of Fuel and Combustion, 9, No. 2, 2016, pp. 121-133. (in Persian)

A. West, D. Posarac, and N. Ellis, “Assessment of four biodiesel production processes using HYSYS.Plant,” Bioresour.
Technol., 99, No. 14, 2008, pp. 6587-6601.

H. H. Mardhiah, H. C. Ong, H. H. Masjuki, S. Lim, and H. V. Lee, “A review on latest developments and future
prospects of heterogeneous catalyst in biodiesel production from non-edible oils,” Renew. Sustain. Energy Rev., 67, 2017,
pp. 1225-1236.

Y. Zhang, “Biodiesel production from waste cooking oil: 1. Process design and technological assessment,” Bioresour.
Technol., 89, No. 1, 2003, pp. 1-16.

H. Yun, M. Wang, W. Feng and T. Tan, “Process simulation and energy optimization of the enzyme-catalyzed biodiesel
production,” Energy, 54, 2013, pp. 84-96.

S. Sharma and G. P. Rangaiah, “Multi-objective optimization of a bio-diesel production process,” Fuel, 103, 2013, pp.
269-277.

D. S. Patle, S. Sharma, Z. Ahmad and G. P. Rangaiah, “Multi-objective optimization of two alkali catalyzed processes for
biodiesel from waste cooking oil,” Energy Convers. Manag., 85, 2014, pp. 361-372.

. R. D. O’Brien, Fats and Oils: Formulating and Processing for Applications, 3rd Ed., Boca Raton, CRC Press, 2009.
19.

S. Jain, M. P. Sharma and S. Rajvanshi, “Acid base catalyzed transesterification kinetics of waste cooking oil,” Fuel
Process. Technol., 92, No. 1, 2011, pp. 32-38.

L. Liu, Z. Liu, G. Tang and W. Tan, “Esterification of free fatty acids in waste cooking oil by heterogeneous catalysts,”
Trans. Tianjin Univ., 20, No. 4, 2014, pp. 266-272.

P. Verma and M. P. Sharma, “Review of process parameters for biodiesel production from different feedstocks,” Renew.
Sustain. Energy Rev., 62, 2016, pp. 1063-1071.

K. Thiruvengadaravi, J. Nandagopal, V. S. S. Bala, S. D. Kirupha, P. Vijayalakshmi, and S. Sivanesan, “Kinetic study of
the esterification of free fatty acids in non-edible Pongamia pinnata oil using acid catalyst,” Indian J. Sci. Technol., 2,
No. 12, 2009, pp. 20-24.

L. L. Myint and M. M. El-Halwagi, “Process analysis and optimization of biodiesel production from soybean oil,” Clean
Technol. Environ. Policy, 11, No. 3, 2009, pp. 263-276.

E. Sanchez, K. Ojeda, M. El-Halwagi, and V. Kafarov, “Biodiesel from microalgae oil production in two sequential
esterification/transesterification reactors: Pinch analysis of heat integration,” Chem. Eng. J., No. 176-177, 2011, pp. 211-
216.

A. Plus, “Aspen Plus Biodiesel Model (Examples),” Aspen Technol. Camb. MA, 2012.

N. Shibasaki-Kitakawa, H. Honda, H. Kuribayashi, T. Toda, T. Fukumura, and T. Yonemoto, “Biodiesel production
using anionic ion-exchange resin as heterogeneous catalyst,” Bioresour. Technol., 98, No. 2, 2007, pp. 416-421.

Q. Shu, J. Gao, Z. Nawaz, Y. Liao, D. Wang, and J. Wang, “Synthesis of biodiesel from waste vegetable oil with large
amounts of free fatty acids using a carbon-based solid acid catalyst,” Appl. Energy, 87, No. 8, 2010, pp. 2589-2596.

L. Chen, T. Liu, W. Zhang, X. Chen and J. Wang, “Biodiesel production from algae oil high in free fatty acids by two-
step catalytic conversion,” Bioresour. Technol., 111, May 2012, pp. 208-214.

S. Morais, S. Couto, A. A. Martins, and T. M. Mata, “Designing eco-efficient biodiesel production processes from waste
vegetable oils,” Computer Aided Chemical Engineering, 28, Elsevier, 2010, pp. 253-258.

Y. Liu, E. Lotero, and J. G. Goodwin, “Effect of water on sulfuric acid catalyzed esterification,” J. Mol. Catal. Chem.,
245, No. 1-2, 2006, pp. 132-140.

W. D. Seider, J. D. Seader, and D. R. Lewin, Product & Process Design Principles: Synthesis, Analysis and Evaluation,
John Wiley & Sons, New York, 2009.

A. Kantama, P. Narataruksa, P. Hunpinyo, and C. Prapainainar, “Techno-economic assessment of a heat-integrated
process for hydrogenated renewable diesel production from palm fatty acid distillate,” Biomass Bioenergy, 83, 2015, pp.
448-459.

R. Turton, Ed., Analysis, Synthesis, and Design of Chemical Processes, 4th Ed. Upper Saddle River, NJ, Prentice Hall,
2012.

Y. Zhang, M. Dubé, D. McLean and M. Kates, “Biodiesel production from waste cooking oil: 2. Economic assessment
and sensitivity analysis,” Bioresour. Technol., 90, No. 3, 2003, pp. 229-240.

Turton, R., Bailie, R. C., Whiting, W. B., Shaeiwitz, J. A. Analysis, Synthesis, and Design of Chemical Processes,
Prentice Hall PTR, New Jersey (Chapters 1, 2, 3), 1998.

M. Berrios, J. Siles, M. Martin and A. Martin, “A kinetic study of the esterification of free fatty acids (FFA) in sunflower
oil,” Fuel, 86, No. 15, 2007, pp. 2383-2388.

AY



WWAY Glis) pylez ojlads (ool Jlo (3l § Co g cdghy — sole &y s

English Abstract

Simulation and optimization of the biodiesel production process from waste
cooking oil under different kinetic conditions
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Due to excessive consumption of oil resources in developing countries, many efforts have been made to
create a suitable alternative fuel for current energy and transportation systems, and biodiesel is one of the best
choices. The first target in this study was the simulation of the biodiesel production process from waste
cooking oils under different kinetic conditions in the estrification stage using ASPEN PLUS software and
then the process was optimized. Due to the fact that the feed used in this process contains more than 1% by
weight of fatty acids, the process has two successive steps. In the first and second stages the estrification and
transestrification process are carried out, respectively. The goal of the optimization study was to achieve the
maximum biodiesel and glycerol sales while the manufacturing cost was minimized. The optimal condition
was achieved when the methanol to oil molar ratio of 3 was selected. Also, the temperature of the two
reactors had a great influence on the optimality of the process, as both the biodiesel production and the energy
consumption of the reactors were notably affected. The total manufacturing cost and profit for this process
were calculated to be 16.24 and 12.93 million dollars per year, respectivly.

Keywords: Biodiesel, Simulation, Optimization, Esterification, Transesterification
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