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Abstract — Biodiesel is a renewable energy which is nontoxic and acting as a replacement for conventional diesel
which derived from fossil fuel. Classified biodiesel producing way such as acid, base, supercritical and enzyme meth-
ods, this study focused on eco-friendly production of biodiesel using supercritical and immobilized enzyme process.
Assuming a plant with a production rate of 10,000 tons a year, a PRO II simulator program was used to simulate the
product conversion rate and total energy consumption. The product conversion in supercritical process and immobilized
enzyme was found to be 91.17% (including 0.9% glycerol) and 93.18% (including 1.0% glycerol) respectively. The
result shows that the efficiency of immobilized enzyme process is higher compared to supercritical process but having
lower end product purity. From the energy consumption point of view, supercritical process consume about 8.9 MW
while immobilized enzyme process consume much lower energy which is 3.9 MW. Consequently, this study certifies
that energy consumption of supercritical process is 2.3 times higher than immobilized enzyme process.
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Fig. 1. The transesterification of triglycerides with methanol to pro-
duce fatty acid methyl ester (FAME) and glycerol.
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oler|Ad} Zo] A5 2HE- depE AFE o8 F e BES
ofl.ofl AJeof|A] UNIQUACS AMHS-3FITH11,12]. ZH2te] s8-8
mixer, pump, heat exchanger, expander, reactor, distillation columns
o & A SHETIOANE BV EZRE ween =
YHE, Hlo] et s Felatd, SRE T2ol S AEETE Bt
o) ALS HFAREC R A Frt. 244 Tl Fast ¥
TE AR 2k, 4, W) 542 W= Minamig) Saka[10]
o] 23] A7E HoJHE FHRALE T 2UATEE T
A= FAEE Fig. 20 YERAQITH

FHE9 A4+ S4 streamell A 14.350 kg'mol/hr® 2 =™,
S1 streamol|Ai= 43.4 kg'mol/hre] WgkSo] f]1E ) 4915 wgk
23 4= B Pl, P2ol| 2J&l] 20 MPa7kA] helo] oAl Ht,
J9to] @ mghS3} f-2]= heat exchangerel] 2J3l] 350 °C7FA] %7}
o] 24 Adelel o] 2 A Hrt, o] 3t 2= vV RI
off oaf nlol et} SElAlEs A8k grHi0]. A€ =4
< expander (EX1)°1 2J3l A%H(101.3 KPa)2.2 ¢t o] ¥ s} o
gk, SYAIE, vio] et ds el A8l swE TIS= 4
Hr}. o], SHEHTE shorteuts 03] o]ERTE FSIGlAL
Artd SR 12-15 W) A 95 Asto] SRE O E A

ol
Mo 1



Z0AI9} Lipase 17g3el] o3t »

folerld At 3749 oA An] 259

510

Fig. 2. Process simulation by supercritical methanol method.
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Table 1. The supercritical methanol process to produce biodiesel

M-S B5to] Ak Fulll ol upE Hhe-ES] HEE2 4
A data[18]5 AHE3IGI O wWigkE Y 749 Hl= 3.4:1=% SISl
A= Iihe ARSI O =2 TS 719 5.8 wi%eE et
o] TS BRI 9] A3 vlolHE e R 7% 3%
+ Fig. 39 YERSI

3712] FA oA Hazntke) 2o, S1 streamellA] 14.350 kg'mol/hr
2] 5219} S2 streamol|A] 4.918 kg'mol/hr®] HEHE- 72|31 S3 stream
o4 2.152 kg'mol/hr®] &4k} S11 stream4] 13.060 kg:mol/hr
9] Eo] ¥t} 9] vl A2 mixer(M1)°l] 2J3] £&% T, heat
exchanger(E1)°ll 213l 36.5 °C7H4] 255 0] BE&7] R1°]] Hujjo]
Zch Whg71ellA] whgo] dofk - e 24 SR Tiol
Qe FAREE &, S vekgo] FEua gei-EE =24
7 o] erjdo] FejEit SFE T 8do]a B9 ¢
13.880 KPa©|™ $HiHli= 3.001ch S5 T1 AHelld A4E &,
A, RS2 SR T2E Hulojx] §F-2E A, JeiEs

108.530 KPao|™] #H]= 2.50]0h. S/ T2 3hyell A€ =34
wjeheS-2 SR T30 23l B2 99.9%2] weheo] A==
] o= recycle®]o] S2 stream©.Z R AT}, 67|14 S5 T3S
12xto) 31 EARRLS) ¢lelo 61 883 KPao|™ EFH|:= 4.00]t). Z7
& T1 sl ¥ S¥ME3 vfo] 2682 heat exchanger(B2)E
£l 25 °C7IA ¥4 I S5 T4ol U9t SRR T4 ARl
M 2EAIEe] AYE L Beltelrs HFAE vlo] erjAo]
AT} SR T49) W 21do] A B 98- 23270 KPa
olw S 4.0010h 7 7} streamol| X 2] Y RAFAIH= Table 2
o Qoksto] LRI

Stream name S1 S2 S4 S7 S9 S10 S11 S15 S16
Temperature (°C) 25.000 25.000 63.533 350.000 73.434 63.533 345.427 25.000 25.000
Pressure (KPa) 101.300 101.300 20097.600  20097.600 101.300 97.600 147.600 99.920 193.920
Flowrate (kmol/h) 43.400 14.350 590.038 604.388 602.700 587.883 14.817 1.899 13.083
Composition

Methanol 1.000 0.000 1.000 0.976 0.975 1.000 0.003 0.110 0.000
Oleic acid 0.000 1.000 0.000 0.024 0.000 0.000 0.000 0.000 0.000
Glycerol 0.000 0.000 0.000 0.000 0.002 0.000 0.085 0.605 0.009
Methyl oleate 0.000 0.000 0.000 0.000 0.022 0.000 0912 0.284 0.991
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Fig. 3. Process simulation by immobilized lipase method.

Table 2. The immobilized lipase process to produce biodiesel

Stream name S1 S2 S3 S4 S6 S7 S8 S10 S11 S12 S15 S16 S17
Temperature (°C) 25.00 25.00 25.00 25.00 36.50 36.50 5307 50.834 75932 61.883 25.000 19528 377.27
Pressure (KPa) 101.30  101.30 101.30 101.30 91940 91940 13.880 108.53 138.53 91.940 73.880 12270 202.27
Flowrate (kmol/h) 14350 4918 2152 13.030 78353 76.664 61.871 4599 57272 43872 14793 1363  13.430
Composition
Methanol 0.000 1.000 0.000 0.000 0.622 0.608 0.753 0.522 0.772 0.999 0.000 0.002 0.000
Oleic acid 1.000 0.000 0.000 0.000 0.183 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Glycerol 0.000 0.000 0.000 0.000 0.000 0.017 0.000 0.000 0.000 0.000 0.086 0.830 0.010
Methyl oleate 0.000 0.000 0.000 0.000 0.000 0.176 0.000 0.000 0.000 0.000 0913 0.154 0.990
Hexane 0.000 0.000 1.000 0.000 0.028 0.028 0.035 0.468 0.000 0.000 0.000 0.000 0.000
Water 0.000 0.000 0.000 1.000 0.167 0.171 0.212 0.010 0.228 0.001 0.001 0.014 0.000
3. %_Igr_g_g o] | _;:<_|J£-|| HH?Eq Table 3. Comparison of direct and indirect sequence at supercritical
process
3.1, ZOIZE0IAMCS] SETAHA S Direct sequence  Indirect sequence
AubH 0 7 ZREE dy)te] EFEA Hao) g o)F Condenser heat duty (MKJ/HR)  —51.9473 189911
ofzjof ghtt. et FEglo] vlsedt I Adwe] Al 3ol Reboiler heat duty (M-KJ/HR) 57.7327 153741
Ak, G082 BRILE, o= SR Y AlolA] AR Second Column
T} Z8]g-2] Pt AYgHrk= AL onjslit) B Ao =5 Condenser heat duty (M-KJ/HR) -1.3336 -53.4106
elo] g9 wjdS ol xpd ) n] LAigS £ HA 5 Reboiler heat duty (M-KJ/HR) 1.4251 53.5100
B R DS dobn A AsnlnE A9l QAT o] Toul
E4o] 374l 49 SHEe v wHE #jdE = ULH15]. &= Cond'enser heat duty (M-KJ/HR) —53.2809 —72.4017
_ . N Reboiler heat duty (M-KJ/HR) 59.1578 68.8841
4 (direct sequence)ell X 31 RIA| S/golA] Aol Wehe-g i
2aha shtol Wt vo] 2T g PASAT 1] &

(indirect sequence)ellA = “dol] vigkEy) SE|AES welskal 3)
Krof| ulo] @ T} ALS- ZJAISISITE. Table 32 21 A157d 2] =2l =}
H] =2 ] oluiA] A1) vlwsto] eIt

SRpl I v =Pl G e U A v RS Blastr] 2] EiA
Condenser heat duty®} Reboiler heat duty®] &5 717t H]w sl R,
2Pl A o A+= Condenser heat duty®] > —53.28 M-KJ/HR®]
I Reboiler heat duty®] ¥ 59.16 M-KJ/HR®|T}. 18] 31 H]
2o A= Condenser heat duty®] ¥ —72.40 M-KJ/HRO]
Reboiler heat duty®] %2 68.88 M-KJ/HR-S YEFHTE ©]
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Condenser heat duty #t°] 26.40% ©]4F A~ Q¥ 31 Reboiler heat
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2o A A} == 242t 91.34%9) 99.20%2 P2 whdof| 1)
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Table 4. column sequences for five product streams
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Column 1 Column 2 Column 3 Column 4 Selection
1 A/BCDE B/CDE C/DE D/E X
2 A/BCDE B/CDE CD/E C/D X
3 A/BCDE BC/DE B/C D/E X
4 A/BCDE BCD/E B/CD C/D X
5 A/BCDE BCD/E BC/D B/C X
6 AB/CDE A/B C/DE D/E X
7 AB/CDE A/B CD/E C/D Indirect sequence (I)
8 ABC/DE D/E A/BC B/C X
9 ABC/DE D/E AB/C A/B Direct sequence
10 ABCD/E A/BCD B/CD C/D X
11 ABCD/E A/BCD BC/D B/C X
12 ABCD/E AB/CD A/B C/D X
13 ABCD/E ABC/D A/BC B/C X
14 ABCD/E ABC/D AB/C A/B Indirect sequence (II)
SHE wjguAl e E= WA E 01 2.0 Table 41 vj& Table 5. Comparison of direct and indirect sequence at immobilized
WS ERISIE ¥ R E e ol 25 e prooes d d
- - — Direct Indirect Indirect
iq] ;}F?i xl ]OJ fl3ted, :ﬂ At ‘?:“}\1 AN 5 = :H o sequence  sequence (I) sequence (II)
A& 4 AAsISin o & flste] o] 5 14714 2] widAl S ) First Column
PN T =, 1~59, 6~74, 8~9H, 10~14H1.C = LFSict. 31 A bl Condenser heat duty (M-KJ/HR) —10.0783  —52554  —11.1398
TRl 1~5H2] g2 Wk (A EikB)S s Reboiler heat duty (M-KJ/HR) 12.6667 6.1139  14.0161
EAS 73 9oL}, F B 2=Ho| 4°C A% vl xjo|7} Second Column
U] 917 w)Rof ehARalr) o]feu g wekeo] 4318 98t &= Condenser heat duty (M'-KJ/HR)  —0.6169 -5.1687 -9.4179
T BEesh] YEaE 1A ZRES 197 i HEe Reboiler heat duty (M-KJ/HR) 0.9793 5.1722 9.7051
SHeirl o e o] fmH HIOIHEAlO] A0 = Third Column
;El;%i(gjﬂLL T:‘%f}; i;%i(;;;}ﬁo];;’;g; Condenser heat duty (M-KJ/HR) ~ —6.7158  —3.1758  —6.6453
i == = Reboiler heat duty (M-KJ/HR) 6.6971 5.4625 6.7026
wrlo] Z447F 187, 243 °CEA &t W Aol yERlY] vl Fourth Column
oiA a&43l SHelM 20 |A Felsks 7 e AY Condenser heat duty (M-KJ/HR) 06282 09207  —6.5300
SHSITE. Al A2} v AR vl 8~9HT} 10~14 wlg o] ¢ Reboiler heat duty (M-KJ/HR) 42835 1.0552 6.5309
o= % =2 wEE(A)S recycler7]7] $l&l vhA]=; Z“?r%"ﬂ’ﬂ Total

=y

lehe-5 A& Wl ojlT 149 sl S AEsolct. webA 5
M2 e Aol AEE SREMEEAS o HHO:‘H]'}\](T':
2k ), 7H WA ] SR ) B4 A ) =

A D)2 37H401e, o) 739l thet 7 AP T= Table
5ol VeI SITE

Table 5014 K= ufe} o], i°174]%'7‘43ﬂr ulZ7EA] 2 Condenser
heat duty®} Reboiler heat duty®] 3 7}z vl wal| w2l o]
*] Condenser heat duty®] 3> —18.04 M-KJ/HR®]| 1L Reboiler heat
duty®] ¥+ 24.63M - KJ/HROIt, 12]31 1] Expu] Dol =
Condenser heat duty®] ¥ Z+2} —14.52 M-KJ/HR, —33.73 M-KJ/
HR®] 1 Reboiler heat duty?] ¥+ 17.80 M-KJ/HR, 36.95M - KI/HR-S-
LERACE o]= SRR E-S 71292 Condenser heat duty 72 242t
-19.50, 46.50% ©]% 4~ 2 %1l Reboiler heat duty FtS —27.73,
33.47% g 5= 7Aook Arh= Z1S Svlditi{16]. B3, =2 d oA
AT} I 94.11%9} 99.10%E G- Hhdel] u] xpul oA
HAEE-2 27} 87.20%%} 94.71%= AU T2 99.10, 98.80%=
At oA SHoE Erbd 3 A v] e dE sk A
o] AR ATelM= A3ET =25 TEste] SAplEEAE
2 gslgint. o] 7w Btk v etelA vlastat shebd Z3Ad
AE Eato] AFE oo gt

O

Condenser heat duty (M'/KJ/HR) -18.0392  -14.5206  —33.7330
Reboiler heat duty (M-KJ/HR) 24.6266 17.8038 36.9547

et HEAAAES] vlo] eujAle] Mg 2UA T
91.17%(0.9% S A1), s@ﬂéﬁ} oM E= 93.58%(1.0%)) FgtH
H< YeRd) duxSd

Table 6. Comparison of supercritical and immobilized lipase process
working conditions

Supercritical
process [10]

Immobilized lipase
process [18]

Molar ratio 42:1 3.4:1
Temperature (°C) 350 36.5
Pressure (KPa) 20,260 101.3
Catalyst N/A lipase
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Table 7. Requirements of energy for different unit operation

ole]

Supercritical method

Immobilized lipase method

Exchanger (E1, KIx10%HR) 20.9508 0.0138
Exchanger (E2, KJv10%HR) 0.0558 3.0592
Exchanger (E3, KJ x10%HR) 3.4007 3.5863
Expander (EX1, KW) 568.0894 N/A
Distillation column (T1) Condenser Duty (KJx10%HR) —51.9473 —-10.0938
Reboiler Duty (KJx10%HR) 57.7327 12.8944
Distillation column (T2) Condenser Duty (KJx10%HR) —-1.3336 —-0.6169
Reboiler Duty (KJx10%HR) 1.4251 0.9801
Distillation column (T3) Condenser Duty (KJx10%HR) N/A —7.7802
Reboiler Duty (KJx10%HR) N/A 7.7625
Distillation column (T4) Condenser Duty (KJx10%HR) N/A -0.5767
Reboiler Duty (KJx10%HR) N/A 42381
Pump (P1, KW) 186.5246 N/A
Pump (P2, KW) 33.9804 N/A
Pump (P3, KW) 0.0110 N/A
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