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Thesis Title Using model for designing and cost assessment of continuous

biodiesel plant from palm fatty acid distillate (PFAD)

Author Miss Pisamai Sawangpheaw
Major Program Chemical Engineering
Academic Year 2008

ABSTRACT

Biodiesel has become more attractive recently because of its environmental
benefit and the fact that it is made from renewable resources. Palm oil is one of the most interesting
feedstock for biodiesel in Thailand but the cost to produce biodiesel is not economically competitive
with fossil fuel. To reduce production cost, palm fatty acid distillate (PFAD), a cheap by product of
palm oil refining, is a very interesting feedstock. In this work, two kinetic models were from
modification of previous kinetic equation of Esterification reaction from sunflower oil (Berrios et al.,
2007). The kinetic constants of each model were adjusted to be fitting with reference data (using
PFAD) (Chongkhong et al., 2007) to get a preferable model. The preferable model was used to
simulate the optimum condition of biodiesel production by Aspen plus. The result showed that the
optimum condition was reaction temperature 100°C, molar ratio of methanol to PFAD 6:1 and
reaction time 80 minutes. In addition, the production cost of biodiesel production at the optimum
condition is 14.9 Baht/kg and main cost of biodiesel production is raw material cost (91% of total

cost).
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na luiiudase a——— — —
iiuihauau thauTemdu hauefesu
Lauric (12:0) 0.2 0.7 0.2
Myristic (14:0) 1.0 1.2 1.3
Palmitic (16:0) 43.7 39.8 60.5
Palmitoleic (16:1) 0.3 0.2 0.1
Stearic (18:0) 4.4 4.4 5.0
Oleic (18:1) 39.9 41.3 26.3
Linoleic (18:2) 10.3 11.9 6.2
Linolenic (18:3) 0.2 0.4 0.2

N1: Tjtikhar (1984)



Che tazame (1999) Y&vn1sTinaeiimlSnansa luiusas: ity
ﬂwﬁuﬁu (Crude palm oil, CPO) ttag Refined-bleached-deodorized (RBD) palm olein #1875
Fourier transform infrared (FTIR) W11 H1/5mnainsa lusiudeaszogluria 3.0-6.5% wag 0.07-
0.6% Tagthmin e sy hiudazsiingilsnansa lufus arzuandafudauaaaly

A
MTNN 1.2

d‘ a v A a dy g} % 1
M13149% 1.2 Llﬁﬂ\1‘]JillTELlﬂiﬂ]1511llLlE’Jﬁi$LLE’I%']Jilﬂﬂlﬂ’ﬂll%uiuuTNuﬂizLﬂ'ﬂﬁN"]

Usziom Usmansa lviiudase Usmaanuiu
Crude palm oil 5.0% max 0.25% max
RBD palm oil 0.1% max 0.1% max
RBD palm olein 0.1% max 0.1% max
RBD palm stearin 0.2% max 0.15% max

Palm fatty acid distillated
70.0% min 1.0% max
(PFAD)

N http://www.klk.com.my/busi plantation p.htm
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A15199 1.3 Laas1A1a909nna RBD PO, RBD palm olein, RBD palm stearin {t8& PFAD

vo3lszmanaFe 1 a.6.2006-2007

- FIAURAY
¥a
1 f1.91. 2006 1/ 7.7.2007
(US$/ton ) 433.50 569.67
RBD PO
(V1/n1answ) 15.61 20.51
(US$/ton ) 441.71 579.00
RBD palm olein
(V1/nlansw) 15.90 20.84
(US$/ton ) 407.08 528.33
RBD palm stearin
(V1/nlansw) 14.65 19.02
(US$/ton ) 351.38 413.17
PFAD
(V1/nlansw) 12.65 14.87

fiun : http://econ.mpob.gov.my/upk/daily/ei dailymain2006.htm
http://econ.mpob.gov.my/upk/daily/ei dailymain.htm
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YRTRER “Fatty acid methyl esters (FAME)”

1.2.1.4 a3l nzen
[ ] Aaana A Y a = d:’) [ ] A 9
ansalnsenildnan luTeAwalinensauaziua dredwuensanldluns
wan luTodaa laun nsadala5n (Sulfuric acid, H,80,) nsaWoana3n (Phosphoric acid,
a I o { g} o
H,PO,) 1oz nia'lelasnaain (Hydrochloric acid, HCI) 1fludu Taeinldlunsdiiiuiuiy
A o v oA o a = A (A v A ) o A A Y I
w30 lviiudadnihwwaa luTedaliUsuansalviudaszge dmsuuaniinglaiu
% [ aaa 1 4 4
ansalfnser 1dun Tmaeulaasonleq (Sodium hydroxide, NaOH) Tastdoutumnon lad
. . g = 0’ . .
(Sodium methoxide, NaOCH,) Tdaisenlaaseonlad (Potassium hydroxide, KOH)
% 4 4
TamFeumunon 1 (Potassium methoxide, KOCH,) Tastaento lua (Sodium amide, NaNH,)
v A J . . < & i A @ 1 aaa 3
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[ a 3’ % o o I~ % [
Usznn wunlunszurumswanveaIssanini luTedmand Tanin lswalumsdludusa
Aaaa N [ Aaaa < [ I o [ Aaan
Ufnse1 esnnamsasslfnserlaisanamsldnsadudnsal§nser TuTedwauas
= d' 9 [} Y d' =1 1 1 3 d' 1 (%
AArRIRAN laaNTaLENIINAU 1Ad 18151999 1N TANUUU MU UA A NN INUANAIIN Y

9
Tagnaeseavzauruiugndnimiuly Todra

1.2.2 I5aan3alvsiudase (Gerpen et al., 2004)
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(2) A5nawe 15 ladd (Glycerolysis) FEmsthefinmaaunimeseandi/ly
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H C—OH H C—OH
I Il
R—C—OH + HC—OH > HC—O—C—R + HZO (1.1
nsa lviudase v
1
H C—OH H C—OH
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I ‘ Il
R—C—OH + H3C—OH Acd, - HC—0—C—R + H20 (1.2)
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o @ A 1 aaa an o .. Y 1
Madeniinadolnsenedaes liad (Vieira et al., 2006) laun
-5uanga lviiudasy
aQ Yy 9 Y] [l Aaan

- BHALAZANMINTUANTIPATN

[ [ d %
- 991318 VBUDANDIDANONTA hUITU
- gangilumsinlgnsen

- szgzna lumsninlgnsen

Y
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1.2.3 nszuaumswanluleniaa
aaa d A [y
1.2.3.1 Ugpsennsnudemaasliniy
as a = v A ax 9y ] 9 ' o 9 o 9
IEmsnan o Tedrandniivaiedsateiu laun msnanudlniu 1y
o Aav o . . =y v Y ) .
Taon3e M3 luTas0s7adu (Microemulsions) 35MILANAIAIGAIINTOU (Thermal cracking

A . aaa
130 Pyrolysis) UAITN
A
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9 A A o aaa 4 Aa A ]
8111515111ﬂ1/]q€°’|ﬂ®ﬂ1§‘1/]"|‘]_]§]ﬂiﬂ1ﬂ§1ﬂﬁl®ﬁlﬂ@ﬁ?\llﬂ%u

(Transesterification 130 lcoholysis) (Ma and Hanna, 1999) AaauNI5N 1.3

(0]
HZC_O_C_R Hzc_OH

Catalyst

| |
HC—O—C—R + 3 R—OH 3R—0—C—R + HC—OH (1.3)

O o v A 4
I HOANDIDA dafaemns;
HC—0—C—R . H C—OH
2 (luTediwa) 2
= L4 =
Tasnaelsa nALYeI0A

Y
ORIITTED

Aaan 4 Aan ] I Aaaa 1 c? v A o v J A
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4 { p, S o 29 Yd o A ¢
nsowe enlasuIassadraveniniunn lasnawelsa 1ty luTudafawanes (Mono
FY 1 a 14 A a 4 =
alkyl ester) 1dun winawawos (Methyl ester) Y50 DN AT (Ethyl ester) Uag NALEDIDA

(Glycerol)
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Heat +

+ H.0 (1.4)

nsa lusiudase e My 1

|
R—C—OH *+ NaOH
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T
H2C_O_(?_R1 H C—OH
2
|| i
HC—O—C—R + HO == HC—O—C—R + R—C—OH
2 2 2 ! (1.5)
o) J
| n I YySese
HC—0—C R HC—0—C—R NIA VUUDATS
2 = o'3 2 = 4
Tasnaelsa Tandwro lsa
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1.2.3.2 Msuennasosea (Gerpen et al., 2004)
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h=0.03; R =8.314472 J/mol. K T =90+273.15=363.15K
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M99 v 2.1 uaasdeyaay lulSuudamsvaunamans

[FFa] | [Meor] | [FamEe] | d[FF4a] @) | d[MeOH ] @) | d[ FAME] () | [FFA] | [Meor] | [ FAME]
n t - - %FAME | error
(n) (n) (n) dt dt dt (n+1) (n+1) (n+1)
0 0 0 0 0 6.85616 30.19097 0 | 0.20568 0.90573 0.00000 | 0.00000
110.03 ]0.20568 0.90573 0 5.27861 25.81324 0.754814 | 0.36404 1.68013 0.02264 | 6.12898
2 10.06 | 0.36404 1.68013 0.02264 2.74153 20.81201 2.567881 | 0.44629 2.30449 0.09968 | 18.99203
310.09 | 0.44629 2.30449 0.09968 0.44862 16.35064 4.223663 | 0.45975 2.79501 0.22639 | 34.07507
41 0.12 | 0.45975 2.79501 0.22639 -0.83620 13.15758 494781 | 0.43466 3.18973 0.37483 | 47.51097
51 0.15 | 0.43466 3.18973 0.37483 -1.18343 11.1311 4.801644 | 0.39916 3.52367 0.51887 | 57.70725
61 0.18 | 0.39916 3.52367 0.51887 -1.04174 9.795038 4.225773 | 0.36791 3.81752 0.64565 | 64.81438
710.21 | 0.36791 3.81752 0.64565 -0.77487 8.761493 3.576821 | 0.34466 4.08036 0.75295 | 69.63354
81 0.24 | 0.34466 4.08036 0.75295 -0.54538 7.846619 3.011097 | 0.32830 4.31576 0.84329 | 72.94524
910.27 | 0.32830 431576 0.84329 -0.38547 6.999489 2.555302 | 0.31673 4.52575 0.91994 | 75.30069
10| 0.3 | 0.31673 4.52575 0.91994 -0.28030 6.218465 2.18975 | 0.30833 4.71230 0.98564 | 77.04046
11 | 0.33 | 0.30833 4.71230 0.98564 -0.21014 5.508775 1.890455 | 0.30202 4.87756 1.04235 | 78.36731
12 | 0.36 | 0.30202 4.87756 1.04235 -0.16151 487114 1.640182 | 0.29718 5.02370 1.09156 | 79.40478
13 1 0.39 | 0.29718 5.02370 1.09156 -0.12654 4.302192 1.427771 | 0.29338 5.15276 1.13439 | 80.23181
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[FFa] | [Meor] | [FamEe] | d[FF4a] @) | d[MeOH ] @) | d[ FAME] () | [FFA] | [Meor] | [ FaAME]
n t - - %FAME | error
(n) (n) (n) dt dt dt (n+1) (n+1) (n+1)
14 | 0.42 | 0.29338 5.15276 1.13439 -0.10066 3.796616 1.245751 | 0.29036 5.26666 1.17176 | 80.90125
151 0.45 | 0.29036 5.26666 1.17176 -0.08110 3.348509 1.088775 | 0.28793 5.36712 1.20442 | 81.44993
16 | 0.48 | 0.28793 5.36712 1.20442 -0.06603 2.95202 0.95279 | 0.28595 5.45568 1.23301 | 81.90425
17 | 0.51 | 0.28595 5.45568 1.23301 -0.05426 2.601624 0.834608 | 0.28432 5.53373 1.25805 | 82.28368
18 | 0.54 | 0.28432 5.53373 1.25805 -0.04495 2.292234 0.73165 | 0.28297 5.60249 1.28000 | 82.60284
19 | 0.57 | 0.28297 5.60249 1.28000 -0.03749 2.019229 0.641789 | 0.28185 5.66307 1.29925 | 82.87295
20| 0.6 | 0.28185 5.66307 1.29925 -0.03146 1.77845 0.563246 | 0.28090 5.71642 1.31615 | 83.10274
21 | 0.63 | 0.28090 5.71642 1.31615 -0.02655 1.566175 0.494518 | 0.28010 5.76341 1.33098 | 83.29909
22 | 0.66 | 0.28010 5.76341 1.33098 -0.02251 1.379088 0.434322 | 0.27943 5.80478 1.34401 | 83.46751
23 1 0.69 | 0.27943 5.80478 1.34401 -0.01917 1.214239 0.381561 | 0.27885 5.84121 1.35546 | 83.61245
24 1 0.72 | 0.27885 5.84121 1.35546 -0.01638 1.069016 0.335289 | 0.27836 5.87328 1.36552 | 83.73754
251 0.75 | 0.27836 5.87328 1.36552 -0.01405 0.941101 0.294687 | 0.27794 5.90151 1.37436 | 83.84576
26 | 0.78 | 0.27794 5.90151 1.37436 -0.01208 0.828448 0.259045 | 0.27758 5.92636 1.38213 | 83.93959
27 | 0.81 | 0.27758 5.92636 1.38213 -0.01042 0.729247 0.227747 | 0.27727 5.94824 1.38896 | 84.02109
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9y a @ Y J
MINN V2.1 uﬁm611ayjaﬂﬂuﬂmuﬂmmwauwaﬁmm (79)

[ FFA] | [MeOH] | [ FAME] d[FFA] (n) d[MeOH] (n) d[FAME] (n) | [FFA] | [MeOH] | [ FAME]
n t (n) (n) (n) dt dt dt (n+1) (n+1) (nt+1) | %FAME | error
28| 0.84 | 027727 | 594824 | 1.38896 -0.00901 0.6419 0.200255 | 0.27700 |  5.96750 | 1.39497 | 84.09200
29 | 0.87 | 0.27700 |  5.96750 | 1.39497 -0.00780 0.564996 0.1761 | 027676 | 598445 | 1.40025 | 84.15377
30| 09027676 | 5.98445 | 1.40025 -0.00677 0.497292 0.154873 | 0.27656 |  5.99937 | 1.40490 | 84.20766
31| 0.93 | 027656 | 5.99937 |  1.40490 -0.00589 0.43769 0.136215 | 0.27638 |  6.01250 | 1.40899 | 84.25472
32| 0.96 | 027638 | 6.01250 | 1.40899 -0.00512 0.385223 0.119813 | 0.27623 |  6.02406 | 1.41258 | 84.29586
3310.99 | 027623 |  6.02406 | 1.41258 -0.00447 0.339039 0.105393 | 0.27609 |  6.03423 | 1.41574 | 84.33185
34 | 1.02 | 027609 | 6.03423 | 1.41574 -0.00390 0.298388 0.092713 | 0.27598 |  6.04318 | 1.41852 | 84.36335
35| 1.05 | 027598 |  6.04318 | 1.41852 -0.00340 0.262607 0.081562 | 0.27588 |  6.05106 | 1.42097 | 84.39094
36 | 1.08 | 0.27588 |  6.05106 | 1.42097 -0.00298 0.231113 0.071755 | 0.27579 |  6.05799 | 1.42312 | 84.41513
37| 1.11 027579 |  6.05799 | 1.42312 -0.00260 0.203395 0.063129 | 027571 |  6.06409 | 1.42502 | 84.43634
38 | 1.14 | 027571 | 6.06409 | 1.42502 -0.00228 0.178999 0.055542 | 0.27564 |  6.06946 | 1.42668 | 84.45495
39 | 1.17 | 027564 |  6.06946 | 1.42668 -0.00200 0.157528 0.048868 | 0.27558 |  6.07419 | 1.42815 | 84.47128
40 | 12027558 | 6.07419 | 1.42815 -0.00175 0.138632 0.042997 | 0.27553 |  6.07835 | 1.42944 | 84.48562
41| 1.23 1027553 |  6.07835 | 1.42944 -0.00153 0.122001 0.037832 | 0.27548 |  6.08201 | 1.43057 | 84.49820
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9y a @ Y J
MINN V2.1 uﬁm611ayjaﬂﬂuﬂmuﬂmmwauwaﬁmm (79)

[ FFA] | [MeOH] | [ FAME] d[FFA] (n) d[MeOH] (n) d[FAME] (n) | [FFA] | [MeOH] | [ FAME]
n t (n) (n) (n) dt dt dt (n+1) (n+1) (nt+1) | %FAME | error
42 | 1.26 | 0.27548 |  6.08201 | 1.43057 -0.00135 0.107365 0.033288 | 0.27544 |  6.08523 | 1.43157 | 84.50926
43 | 1.29 | 027544 |  6.08523 | 1.43157 -0.00118 0.094485 0.02929 | 0.27541 |  6.08806 | 1.43245 | 84.51898
44 | 1321 027541 | 6.08806 | 1.43245 -0.00104 0.083149 0.025773 | 0.27537 |  6.09056 | 1.43322 | 84.52751
45| 1.35 | 027537 | 6.09056 | 1.43322 -0.00091 0.073173 0.022678 | 0.27535 |  6.09275 | 1.43390 | 84.53502
46 | 1.38 | 0.27535 |  6.09275 | 1.43390 -0.00080 0.064394 0.019955 | 0.27532 |  6.09468 | 1.43450 | 84.54161
47 | 1.41 [ 027532 | 6.09468 | 1.43450 -0.00070 0.056668 0.017559 | 0.27530 |  6.09638 | 1.43503 | 84.54741
48 | 144 { 027530 |  6.09638 | 1.43503 -0.00062 0.049868 0.015451 | 0.27528 |  6.09788 | 1.43549 | 84.55251
49 | 1.47 | 027528 |  6.09788 | 1.43549 -0.00054 0.043885 0.013597 | 0.27527 |  6.09920 | 1.43590 | 84.55699
50 | 1.5]027527 | 6.09920 | 1.43590 -0.00048 0.038619 0.011964 | 0.27525 |  6.10035 | 1.43626 | 84.56094
51| 153027525 | 6.10035 | 1.43626 -0.00042 0.033985 0.010528 | 0.27524 |  6.10137 | 1.43658 | 84.56440
52| 1.56 | 027524 |  6.10137 | 1.43658 -0.00037 0.029907 0.009265 | 0.27523 |  6.10227 | 1.43685 | 84.56745
53 1.59 | 027523 |  6.10227 | 1.43685 -0.00032 0.026319 0.008153 | 0.27522 |  6.10306 | 1.43710 | 84.57014
54| 1.62 | 0.27522 |  6.10306 | 1.43710 -0.00029 0.023161 0.007174 | 0.27521 |  6.10376 | 1.43731 | 84.57249
55 1.65 | 027521 |  6.10376 | 1.43731 -0.00025 0.020382 0.006313 | 0.27520 |  6.10437 | 1.43750 | 84.57457
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9y a @ Y J
MINN V2.1 uﬁm611ayjaﬂﬂuﬂmuﬂmmwauwaﬁmm (79)

[ FFA] | [MeOH] | [ FAME] d[FFA] (n) d[MeOH] (n) d[FAME] (n) | [FFA] | [MeOH] | [ FAME]
n t (n) (n) (n) dt dt dt (n+1) (n+1) (nt+1) | %FAME | error
56 | 1.68 | 027520 |  6.10437 | 1.43750 -0.00022 0.017936 0.005555 | 0.27520 |  6.10491 | 1.43767 | 84.57640
57| 1.71| 027520 |  6.10491 | 1.43767 -0.00019 0.015784 0.004889 | 0.27519 |  6.10538 | 1.43782 | 84.57800
58 | 1.74 | 027519 |  6.10538 | 1.43782 -0.00017 0.01389 0.004302 | 0.27519 |  6.10580 | 1.43795 | 84.57942
59| 1.77 | 027519 |  6.10580 | 1.43795 -0.00015 0.012223 0.003786 | 0.27518 |  6.10616 | 1.43806 | 84.58066
60 | 1.8 027518 | 6.10616 | 1.43806 -0.00013 0.010756 0.003331 | 027518 |  6.10648 | 1.43816 | 84.58175
61 | 1.83 | 0.27518 |  6.10648 | 1.43816 -0.00012 0.009466 0.002932 | 0.27517 |  6.10677 | 1.43825 | 84.58272
62 | 1.86 | 0.27517 |  6.10677 | 1.43825 -0.00010 0.00833 0.00258 | 0.27517 |  6.10702 | 1.43832 | 84.58356
63 | 1.89 | 027517 |  6.10702 | 1.43832 | -8.9973E-05 0.00733 0.00227 | 0.27517 |  6.10724 | 1.43839 | 84.58431
64 | 1.92 | 027517 |  6.10724 | 1.43839 | -7.916E-05 0.006451 0.001998 | 027517 |  6.10743 | 1.43845 | 84.58497
65| 1.95| 027517 | 6.10743 | 1.43845 | -6.9650E-05 0.005677 0.001758 | 0.27516 |  6.10760 | 1.43851 | 84.58554
66 | 1.98 | 027516 |  6.10760 | 1.43851 | -6.1283E-05 0.004995 0.001547 | 0.27516 |  6.10775 | 1.43855 | 84.58605
67 | 2.01 | 0.27516 |  6.10775 | 1.43855 | -5.3923E-05 0.004396 0.001361 | 027516 |  6.10788 | 1.43859 | 84.58650
68 | 2.04 | 0.27516 | 6.10788 | 1.43859 | -4.7447E-05 0.003868 0.001198 | 0.27516 | 6.10800 | 1.43863 | 84.58689
69 | 2.07 | 0.27516 |  6.10800 | 1.43863 | -4.1749E-05 0.003404 0.001054 | 0.27516 |  6.10810 | 1.43866 | 84.58724

18



9y a @ Y J
MINN V2.1 uﬁm611ayjaﬂﬂuﬂmuﬂmmwauwaﬁmm (79)

[ FFA] | [MeOH] | [ FAME] d[FFA](n) d[MQOH](n) d[FAME](n) [FFA] | [MeOH] | [ FAME]
n t (n) (n) (n) dt dt dt (n+1) (n+1) (nt+1) | %FAME | error
70 | 2.1027516 | 6.10810 | 1.43866 | -3.6736E-05 0.002996 0.000928 | 0.27516 |  6.10819 | 1.43869 | 84.58754
71 | 2.13 | 027516 |  6.10819 | 1.43869 | -3.2325E-05 0.002636 0.000816 | 0.27516 |  6.10827 | 1.43871 | 84.58781
72| 2.16 | 027516 |  6.10827 | 1.43871 | -2.8444E-05 0.00232 0.000718 | 0.27515 |  6.10834 | 1.43873 | 84.58804
73 | 2.19 | 027515 |  6.10834 | 1.43873 | -2.5029E-05 0.002041 0.000632 | 0.27515 |  6.10840 | 1.43875 | 84.58825
74 | 2.22 1 027515 |  6.10840 | 1.43875 | -2.2025E-05 0.001797 0.000556 | 0.27515 |  6.10846 | 1.43877 | 84.58843
75 | 2.25 | 027515 |  6.10846 | 1.43877 | -1.9381E-05 0.001581 0.00049 | 0.27515 | 6.10850 | 1.43878 | 84.58859
76 | 2.28 | 0.27515 |  6.10850 | 1.43878 | -1.7055E-05 0.001391 0.000431 | 0.27515 |  6.10855 | 1.43880 | 84.58874
77| 231 | 027515 |  6.10855 | 1.43880 | -1.5007E-05 0.001224 0.000379 | 0.27515 |  6.10858 | 1.43881 | 84.58886
78 | 234 | 027515 |  6.10858 | 1.43881 | -1.3206E-05 0.001077 0.000334 | 027515 |  6.10861 | 1.43882 | 84.58897
79 | 2.37 | 027515 | 6.10861 | 1.43882 | -1.1621E-05 0.000948 0.000294 | 027515 |  6.10864 | 1.43883 | 84.58907
80 | 2.4 (027515 | 6.10864 | 1.43883 | -1.0226E-05 0.000834 0.000258 | 0.27515 |  6.10867 | 1.43884 | 84.58915
81243 [027515| 6.10867 | 1.43884 | -8.9989E-06 0.000734 0.000227 | 0.27515 |  6.10869 | 1.43884 | 84.58923
82| 2.46 | 0.27515 | 6.10869 | 1.43884 | -7.9189E-06 0.000646 0.0002 | 0.27515 |  6.10871 | 1.43885 | 84.58929
83 | 2.49 [ 027515 | 6.10871 | 1.43885 | -6.9685E-06 0.000569 0.000176 | 0.27515 |  6.10873 | 1.43885 | 84.58935
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9y a @ Y J
MINN V2.1 uﬁm611ayjaﬂﬂuﬂmuﬂmmwauwaﬁmm (79)

[ FFA] | [MeOH] | [ FAME] d[FFA](n) d[MQOH](n) d[FAME](n) [FFA] | [MeOH] | [ FAME]
n t (n) (n) (n) dt dt dt (n+1) (n+1) (nt+1) | %FAME | error
84 | 252027515 | 6.10873 | 1.43885 | -6.1322E-06 0.0005 0.000155 | 027515 |  6.10874 | 1.43886 | 84.58940
85| 2.55( 027515 | 6.10874 | 1.43886 | -5.3963E-06 0.00044 0.000136 | 0.27515 |  6.10875 | 1.43886 | 84.58944
86 | 2.58 | 0.27515 | 6.10875 | 1.43886 | -4.7487E-06 0.000387 0.00012 | 027515 |  6.10877 | 1.43887 | 84.58948
87 | 2.61 | 027515 | 6.10877 | 1.43887 | -4.1788E-06 0.000341 0.000106 | 0.27515 |  6.10878 | 1.43887 | 84.58952
88 | 2.64 | 0.27515 | 6.10878 | 1.43887 | -3.6773E-06 0.0003 9.29E-05 | 0.27515 |  6.10879 | 1.43887 | 84.58955
89 | 2.67 | 0.27515 | 6.10879 | 1.43887 | -3.236E-06 0.000264 8.18E-05 | 0.27515 |  6.10879 | 1.43887 | 84.58958
90 | 2.7 027515 | 6.10879 | 1.43887 | -2.8477E-06 0.000232 7.2E-05 | 027515 |  6.10880 | 1.43888 | 84.58960
91273027515 | 6.10880 | 1.43888 | -2.5059E-06 0.000204 6.33E-05 | 0.27515 | 6.10881 | 1.43888 | 84.58962
92 | 2.76 | 0.27515 |  6.10881 | 1.43888 | -2.2052E-06 0.00018 5.57E-05 | 0.27515 | 6.10881 | 1.43888 | 84.58964
93279 | 027515 | 6.10881 | 1.43888 | -1.9406E-06 0.000158 4.9E-05 | 027515 | 6.10882 | 1.43888 | 84.58965
94 | 2.82 | 0.27515 |  6.10882 | 1.43888 | -1.7077E-06 0.000139 4.32E-05 | 027515 |  6.10882 | 1.43888 | 84.58967
95| 2.85 | 0.27515 | 6.10882 | 1.43888 | -1.5028E-06 0.000123 3.8E-05 | 027515 | 6.10882 | 1.43888 | 84.58968
96 | 2.88 | 0.27515 |  6.10882 | 1.43888 | -1.3224E-06 0.000108 3.34E-05 | 0.27515 |  6.10883 | 1.43888 | 84.58969
97 | 2.91 | 0.27515 |  6.10883 | 1.43888 | -1.1637E-06 9.5E-05 2.94E-05 | 0.27515 |  6.10883 | 1.43889 | 84.58970 | stop
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M1319 U 3.1
Temperature Vapor pressure of Vapor pressure of
. Alpha AB
C water B (Ibf/in”2) methanol A (1bf/in"2)
0 0.089 0.597 6.735
1.67 0.100 0.663 6.632
4.44 0.122 0.787 6.468
7.22 0.147 0.931 6.310
10 0.178 1.097 6.160
12.778 0.214 1.288 6.017
15.556 0.256 1.506 5.878
18.333 0.306 1.757 5.746
21.111 0.363 2.042 5.621
23.889 0.430 2.365 5.501
26.667 0.507 2.732 5.385
29.444 0.596 3.146 5.275
32.222 0.699 3.612 5.170

35 0.816 4.136 5.068
37.778 0.950 4.724 4.971
43.333 1.276 6.112 4.789
48.889 1.695 7.831 4.621
54.444 2.225 9.939 4.467

60 2.892 12.503 4.323
65.556 3.722 15.599 4.191
71.111 4.745 19.308 4.069
76.667 5.996 23.720 3.956
82.222 7.515 28.934 3.850
87.778 9.343 35.057 3.752
93.333 11.529 42.205 3.661
98.889 14.125 50.502 3.575
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M319 U 3.1 (D)

Temperature Vapor pressure of Vapor pressure of
. Alpha AB
C water B (Ibf/in2) methanol A (Ibf/in"2)
100 14.698 52.311 3.559
8
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MIMIIIUAAINTD8NGA 1INTUNT Fenske (McCabe et al., 1993)A4eUN1T U 3.2
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. 0.99/32
wldi x, = =0982 U8 x,=1-x,=0.018
0.99/32+0.01/18
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119511 feed line (McCabe et al., 1993)
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c (r-1)
L b F
c, =manuieudumzveiveunan
T, = g W bubble point
7.  =guupivesnszuailoudn
1 <
A =aenudeuvesmsnaeilule

lunsdifigamgifewduiiu 25°C Usznoude wmuea 1107.665 A1an3u (3457 kmol)
uaz1i 142,045 ATan3u (7.88 kmol) tazaundliflufeansdusn 921831 x, = 0.886 uaz x, =
0.114
c,=Xx,C, +XxC,

=0.886 X 0.6 +0.114 X1 = 0.646 cal/g-"C
(ﬁffﬁ)y’a C, 910 McCabe Lz (1993) Appendix 16)
A, =35278 J/mol =262.485 cal/g Ay =585 cal/g

A=0.886 X 262.485 + 0.114 X 585 =299.25 cal/g-°C

0.646( 66 — 25
( ) =1.0

g=
299.25
34.57
xp = =0.814
(34.574+7.88))
. Y » q 1.09
ANUFUUDUTY Feed line AO — = =12.11

1—g  1—1.09
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4 v
nniuanduasaniianud 12.11 Wdaga x, uu operating line Avaasly

Mwseznou v 3.2 n)

1AN5enevaz 1831 Feed line AR equilibrium line ¢ A (0.82, 0.92)
1w1dn ¥ =082 uaz ' =0.92

[ [ ~ Y] P 9 ~ =\ a " w 1 1
flnﬂﬁ'llﬂ”lﬁﬁTﬁﬂﬁ'JuﬁWﬁﬂ“]muﬂﬂqu@ IﬂEJllff?JﬁJ@liTl!?Wﬂ@i”lﬁ'Juigﬁ’JN

(9 I v ~ Y o dy
vounaazunaduaInan Llﬁﬂ\‘lllﬂﬂ\iu (McCabe et al., 1993)

!
R =20 Y
Dm [}

!
y —X

_0.982—0.92

R =0.62

Dm

0.92 —0.82
s o 1 1 = 1 [ 1 = [ 4
ﬂ“]iVlLViiJWSﬁll?Jﬂﬁ]%@golusb"N 1.1 99 1.5 imvesdadiuswands

1 % ] = 2
maaaIuswa
d' Y d' Y] d‘ a o o a d‘ 1Y 1 =\ [ o’d' [ Y ]
Niosnga uazduNngelsanugadimnssuinazaniunmsndadusiansnunnndadiu
1 ) F7 9y

v A A = A 1 o A 1 % A A aq ¥
‘J‘V\Iaﬂ“]ﬁ/lm1]13’6[3“,1!6\1“’lﬂﬂllﬂ’ﬂiJUﬂﬁquiuﬂﬁﬂ1luuﬂ1iu1ﬂﬂ’ﬂ muuiunamuﬁum%ﬁ

)

[ 1 v 1 (YR o oA { ' @ 1 v 7
dadnsdndiiu 1.5 wmvesdadSdandniosiga 1z lddeslddadusdng = 0.62

X1.5=0.93
AN rectifying line ITuAUABMIHIRAAAUULAY y Tasansnnlldan
quMIAa
— xD
y —
R, +1
, 0.982
wldh y=———=0.44
124 +1

anduATuFoNADIINgA (x,, x,) 1890 (0,0.44) Awaaslunnilszney
4
3.2 %) nTuaIduUIn WA (x, , x,) AANUYAARATLHIN rectifying line N feed line 3214
Y 1 H
Stripping line Aauaaslunmilsznoy ¥ 3.2 n) MinuaniduiomuIuamINIMIN TR

uaaglumwisznoy v 3.2 J)
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M3199 4.1 a1 IWihdaseuesiaa1vesns e ( Time of Use Rate : TOU ) Nisaau

22-33 Alallan

manudoamanas i

@/ dladad)

anaeau i

(LN /M119)

AMUITNII

(1N / 190U)

Peak

Peak Off peak

132.93

2.6950 1.1914

228.17

o 4 4

Peak: JUAUNG - AN 09.00 - 22.00 U

q

v W J 4 @ J v a o a
Off peak: IUIUNT - FNT 22.00 - 09.00 U. LAXIULET IUDINAY 'Ju'ﬁﬁqlﬂ‘ﬂ“]fﬂWi@ﬂiJﬂﬂﬁ

A
(lisTungavaise) Ny

auuald 1sau s Iihaiuanen 2,383.79 KW aaoa 24 ¥ 1049 591 1,716,328.67 KWh

€

ung —qns  (9.00-22.00) Peak =13 x22x2383.79 = 681,763.49  KWh.
Juns —and  (22.00-9.00) Off Peak = 11x22x2,383.79 =576,876.80  KWh.
(@15 — 019Ad (00.00—24.00) Off Peak =24 x 8 x 2,383.79 =457,687.38  KWh.
a1ah 4.2 masuaaan T
No. A1'luliih VIN/MUY YUY UM
1| manudeamsndaau Inih peak 132.93 2383.79 316,877
2 | Awdearu 19 on Peak 2.695 681,763 1,837,353
Amndau 1 off Peak 1.1914 576,877 687,291
Anaaau 1 off Peak (Sat,Sun) 1.1914 457,687 545,289
3| AFt 0.9907 1,716,328 1,700,366
4 | UsMs 228.17
5 | mlulh 5,087,403
6 | VAT 7% 356,118

373U

5,443,522
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