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ABSTRACT

This thesis aimed to propose a control structure design of the sodium methoxide
production process. The sodium methoxide process consisted of a reactive distillation column which
is used for reacting and separating products. Also, a conventional distillation column was employed
for separating and recycling unused reactant back into the process for increasing efficiency of the
production process.

The research methodology started with studying the sodium methoxide production
process designed by Siriporn et.al. (2017) as a base case process. The base case process was
modified to achieve more production efficiency by designing a new operational process, changing
number of both distillation column stages and designing control structure for the modified process.
This research used the commercial software, Aspen Plus and Aspen Dynamic, to create a simulation
in a steady state and a dynamic mode, respectively.

The simulation results show that changing feed stream temperature, changing the number
of reactive distillation stages and changing the number of conventional distillation stages could
reduce the operating cost of the overall process, which increased the efficiency of production

process and the proposed control structure and complied with the referred research papers.

Keywords: control structure design, sodium methoxide production process, reactive distillation,

process simulation
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ma1af 4.1 dunulumsesnuuuanngmsihauunylniveunseliaiuiou

Temperature (°C) NaOCH, (Mass Fraction) Overall Cost (USD/year)
35 0.435 7,487,063
40 0.435 7,487,065
45 0.435 9,550,164
50 0.435 9,546,045

55 0.435 7,489,850
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Temperature (°C)

NaOCH, (Mass Fraction) Overall Cost (USD/year)

60 0.435 9,545,733
65 0.435 7,489,538
70 0.435 7,486,827
75 0.435 7,672,106
412 mInaaeinsdiaesnszuIumsnan Indeuumen laddrenenauiiilfasen

1 9
(% Y%

9 v 9
@’hamiaammumiﬁ”muma“lﬁ’%’emwuﬂimuu msaauazmiuduINTUNelure nauly

[N 1 a @ s o 1 Y a = S YA 9
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ms1eh 4.2 dunulumsmsaauazmusiausulgnsonluvenauniilgnsen

Stage NaOCH, (Mass Fraction) Overall Cost (USD/year)
20 0.435 7,585,855
21 0.435 7,594,464
22 0.435 7,620,914
23 0.435 7,644,303
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MN1IWN 4.2 @]unuGlUﬂWiﬂ”lﬁﬂﬂuagLWll%11!31!‘]51!1J§]ﬂ58111!ﬂ6ﬂﬁl!7]ﬂﬂgﬂifﬂ (919)

Stage NaOCH, (Mass Fraction) Overall Cost (USD/year)

24 0.435 7,651,993
25 0.435 7,672,106
26 0.435 7,680,454
27 0.435 7,698,773
28 0.435 7,724,172
29 0.435 7,752,652
30 0.435 7,763,232
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$7,800,000.0

$7,750,000.0
§ $7,700,000.0
2 $7,650,000.0 —o—temp 75
% $7,600,000.0
S $7,550,000.0 ——temp 65
T $7,500,000.0 temp 55
& $7,450,000.0 - s temp 40
$7,400,000.0 =" o temp 35
$7,350,0000 +——+———+——1— 11—

20 21 22 23 24 25 26 27 28 29 30
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A 2 d A Y 1 A . ' 9y 1 o
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] 9 ' v
M5190 4.3 Yoyavesdrswmuoauazii luaie Waste vosvonal RAD Tugilii 4.2

Rad CH,OH H,0
Mass flow
Stage Mass Fraction ~ Comp mass flow Mass Fraction Comp mass flow
30 0.515014 221.428 0.484986 208.517 429.945
31 0.515014 221.428 0.484986 208.517 429.945
32 0.515014 221.428 0.484986 208.517 429.945
33 0.515014 221.428 0.484986 208.517 429.945
34 0.515014 221.428 0.484986 208.517 429.945
35 0.515014 221.428 0.484986 208.517 429.945

. y : :
5197l 4.4 Foyavesdsumueanaziiluaie CH30H-RE vodrionan RAD lugii 4.2

Rad CH,OH H,0
Mass flow
Stage Mass Fraction ~ Comp mass flow  Mass Fraction Comp mass flow
30 0.999986 2381.95 1.41388x 10° 0.0336785 2381.99
31 0.999986 2381.95 1.41388 x 10° 0.0336785 2381.99
32 0.999986 2381.95 1.41388 x 10 0.0336785 2381.99
33 0.999986 2381.95 1.41388 x 10° 0.0336785 2381.99
34 0.999986 2381.95 1.41388 x 10 0.0336785 2381.99
35 0.999986 2381.95 1.41388x 10° 0.0336785 2381.99

] o ' A Il
M1 4.5 Toyavesdisumuoataziiiluaie Waste vosnonauyiia RAD Tugif 4.3

Rad CH,OH H,0
Mass flow
Stage Mass Fraction ~ Comp mass flow  Mass Fraction Comp mass flow
30 0.000164398 0.0737895 0.999836 448.772 448.846
31 6.01591 x 10—5 0.0270025 0.99994 448.826 448.853
32 2.2003 x 10—5 0.00987624 0.999978 448.849 448.859
33 8.04578 x 10—6 0.00361147 0.999992 448.861 448.865
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' v ' . { '
M1 4.5 Toyavesdisumuoanaziiluaie Waste vosvonausiia RAD Tuzif 4.3 (ap)

Rad CH,OH H,0
Mass flow
Stage Mass Fraction ~ Comp mass flow  Mass Fraction Comp mass flow
34 2.94182 x 10—6 0.0013205 0.999997 448.869 448.871
35 1.07536 x 1()—6 0.000482656 0.999999 448.831 448.832

. y : :
5197 4.6 Joyavesdrsumueanaziiluais RAD-RE vosnenaustia RAD Tugii 4.3

Rad CH,OH H,0
Mass flow
Stage Mass Fraction ~ Comp mass flow  Mass Fraction Comp mass flow
30 0.979552 9808.85 0.0204479 204.758 10013.6
31 0.97956 9809.04 0.0204443 204.725 10013.8
32 0.979559 9809.21 0.0204411 204.696 10013.9
33 0.979561 9809.52 0.0204391 204.679 10014.2
34 0.979562 9809.52 0.0204379 204.67 10014.2
35 0.979563 9808.61 0.02043971 204.669 10013.3

{ { e oy \Pps Y 4 & a
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Mathanol in waste
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M9 4.7 MmanfSeuneuanuaulunszurumsluaningnaniuay Pressure driven

Pressure
Unit Name in process Steady state Pressure driven
(atm) (atm)
Pump P1 - 5.33
Heater H1 1 5.23
Valve V1 - Py 123
Pump P2 - 4.23
Valve V2 - Piop |
Mixer M - -
Reactive Distillation 501 1 4
Valve V3 - Piop 1
Valve V4 - Piop 1
Radfrac RAD 1 3
Valve V5 - Piop 1
Valve Vo6 Y Piop 1
Spliter SPIT 1 1.81
Valve V7 ; Pl
Compressor Cl - Incress 2.42
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a = ) ' 2 d Aa (aaa
M3 19N 4.8 ﬂ”lﬁ!‘]_r%fﬂlﬁ/]EJUﬂ?WNﬂulu!L@]ag%umﬂQ‘ﬁ@ﬂfﬂﬁ/]llﬂgﬂifﬂ

Reactive Distillation

Pressure (atm)

Stage
Steady state Pressure driven

1 1 4

2 1 4.01
3 1 4.02
4 1 4.03
5 1 4.04
6 1 4.05
7 1 4.06
8 1 4.07
9 1 4.08
10 1 4.09
11 1 4.1
12 1 4.11
13 1 4.12
14 1 4.13
15 1 4.14
16 1 4.15
17 1 4.16
18 1 4.17
19 1 4.18
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d‘ I v ! 3’; o d‘d ana 1
M13190 4.8 ﬂmiﬁﬂ‘umﬂummﬂulmmamummwaﬂaumﬂgﬂim (919)

Reactive Distillation

Pressure (atm)

Stage
Steady state Pressure driven

20 1 4.19
21 1 4.2

22 1 4.21
23 1 4.22
24 1 4.23
25 1 4.24

v 9 v b4
Mmaai 4.9 msSeuneuanuaulunaazyuvesnonauauau

Distillation Radfrac
Pressure (atm)
Stage
Steady state Pressure driven
1 1 2.81
2 1 2.82
3 1 2.83
4 1 2.84
5 1 2.85
6 1 2.86
7 1 2.87
8 1 2.88
9 1 2.89
10 1 29
11 1 291
12 1 2.92
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v 9 v Y
M15190 4.9 M3fSeuneuanuauluuaas FUVDIHONAUAUAY (D)

Distillation Radfrac
Pressure (atm)
Stage
Steady state Pressure driven

13 1 2.93
14 1 2.94
15 1 2.95
16 1 2.96
17 1 2.97
18 1 2.98
19 1 2.99
20 1 3.00
21 1 3.01
22 1 3.02
23 1 3.03
24 1 3.04
25 1 3.05
26 1 3.06
27 1 3.07
28 1 3.08
29 1 3.09
30 1 3.1

A =< A v o v Av A
weldsunsuaslrvaeudemsidasuainanzasantluagninenwada ualuaulden

9
oo ldaunmsdgnsemuuauga (Equilibrium) 9114 115un54 Aspen  dynamic 14
~ R [ Yy 9 A aan A
awnsodeunszuaumsnnaanzasgaiiuaniznaia’la Jsdew)asuaumsdgnseuaiin
A N 3 s
I¥nelunenauniilfnser minaunsuuuanga (Equilibrium) iuaumsuunvaunamans

(Kinetic)
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@ Fatal Error Messagas Exporting Dynamic Simulation, [ =

TRANSLATE USING COMPILED AST PROCEDURES IN C:\Program Files\AspenTech
‘Aspen Plus VB.8WGUMAst DIRECTORY. N

TRAMSLATING BLOCK 501 of TYPE RADFRAL:
FATAL ERRCR: If a reaction is present in dynamic RadFrac, it must be a kinetic

reaction. =
RBoring procedure Cruprogram FNesAspenT echiispen PIus VB BLGUT ST
\RADFRAC.TBL

a v v ¥ S 4 An (ama
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9 ° o ' P ] A
Ao amnaIu Iy Tagaumsvaunamanasaz lsaumslugda 4.0

K = kt"e E/RT (1)

31 4.9 @3 Kinetic factor

' '
v AaA

A o aan ?x}z a a v J
IﬂﬂﬁuﬂﬁﬁmuWﬂﬂWﬁ@]iﬁ1113Jﬂui%}‘l’ii’]ﬂﬂuﬂmﬂQﬂiEJTL!L!@S)N’fN‘JJ”Iﬁ]”IﬂQ"I“L!’Ji]EJ“]J’EN@]u

% a A 9 [ a ann =
AU LFULAS 1R VI Tﬂﬂi%gﬁi@G]'ﬁﬂ”lilﬂﬂﬂ;]ﬂifl"lmll

—TIa == KCAn (2)

=

s 410 gasoanmsinalnsennd

U

o a

mmsudaumaive iaumssaimsinalnsouniitleniaA1 A (pre exponential factor)

1Az A1 E (The activation energy) 1#0g31U09aumIduasy y = mx+e

—E
InK = InAeRT (3)
K = A+ @

d' o Aa ana = ]
Ui 4.1 aumssanimanalnsoualluzlvesaumsidunsa

Tagi K = y
InA = c
G = m
@ = x
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Condition
Equilibrium model Kinetic model
Line
Flow rate  Temperature  Pressure Flow rate  Temperature Pressure

(kg/hr) (°C) (atm) (kg/hr) (°C) (atm)
NaOH 999.5 30 1 999.5 30 1
RD-FEED 1 999.5 75 1 999.5 75 4
CH30H 1400 30 1 1400 30 1
RD-FEED 2  5870.61 64.65 1 5870.49 106.592 4.23
RD-Dist 5320.11 74.65 1 5319.99 116.379 4
NaOCH3 1550 86.13 1 1550 132.497 3.24
RAD-Dist 4506.67 64.65 1 4506.56 94.1617 2.81
Waste 813.45 81.64 1 813.426 116.818 3.1
CH30OH-RE  4470.61 64.65 1 4470.49 167.102 4.23

NAIATIVTOUNTLUIUNITAIY Presseure Checker LHIDI/ATUNTZVIUMINAFNILAA
I @ 4 4 I .
Wuaanzwada Tsunsuazn)deuainlisunsy Aspen Plus tivowing T151n5u Aspen Dynamic

2 9 < o 1
ﬁlzﬂluwumaLLﬁmmigﬂuﬁmaz‘wmﬂmllﬂ

50



v ¢
4.3 ﬂ]iﬂﬂﬂ!!‘iJ‘iJIﬂ‘Nﬁ"iNﬂ]ﬁﬂ?‘UﬂﬁJ!!UU!!‘V‘laum’Jﬂ

INNISANYIVNAIINYOY Deviim B, Kaymak uazamiz (2017) a11150900UU1
° a J o { aan
TaseadumsniugumstiaenszuIumsnan Indsunen lyadarenenauniilgnsen Taeld

4
Tdsunsu Aspen Dynamic 1@wail

9 < (% K @ (% J
mseenuuy Insaasamsaluguaziunisdugauilsliv dulsaiuguuaznad

] I 1 @ 1 o v {
AIURY Iﬂﬂiuﬂ1iﬂ3ﬂﬂh%$LLU\1@@ﬂlﬂu 2 Wuﬂflﬂﬁﬂﬁ@ I.WH’JEJﬂWiWWQWu"U’ENﬁE)ﬂﬁuﬁﬁ

U501 naz 2. miremshanuvesrenaunuuni i

v aaa o a aaa
1. msaugurenaunilfnsersuiludesarvqueasinisinalfservesgunin

q

Q
2 aa oy Yy v 3

a o o a i (a A aan
HaaAua lagn1sniugueungiaeluve nauntlgnisaleniedusivesnenaunilgnie

o 9 Y A (aaa ) 4 s s 9
, ﬂ'JU?;I?J@@]ﬁ'Iﬂ'ﬁhlwasU'llsU'lGU@\?W@ﬂﬁu‘ﬂllﬂaﬂﬁm@’)ﬁlj'laj V1uag 1193 V2 ;17193 V3 Glf]f

' '
v A

o g { aaa J o ¥
auquanuaulugui 1 melunenaunilgnser, 1142 v4 llumsauauszasuveaunad

Yy v 3 J A (ana
Tundedusvesnmelunenauniilgnie

2. minugurenaunuufa 1l arvagudrsguugiinielunenaunnunilidqe
o < 7 o ¥
Reboiler Duty , mmnmwmumﬂiumﬂauﬁ'ﬁa Condenser Duty , Glflgf}’J”la’J V5 AuauIgauty
Yy v 2 Y o & A ; <

ﬂl@ﬁlﬁa’ﬂu‘ﬁll@@lll‘MW ,61‘15’31'(3’3 Vo Eluﬂ'liﬂ’)“]Jﬂ1]53ﬂTJGI)'Uﬂ181511‘!Lﬂi@ﬂﬂ’)ﬂl!uum@ﬂﬁﬂﬂauuﬂﬂ
4 o o s 9 ) A '
‘V]’Jllﬂ d1IuUINQI V7 151111!ﬂ1Sﬂfl'lJﬂiJ@@Ii"lﬂWi]lﬁﬂsU@\uﬂiﬂﬁLlﬂﬂllﬁcluﬂ”li‘i/lﬂaﬂﬁﬁ”m"liﬂ
a 1 @ A 9 1 1 a =S 4
Wt;fﬁ]ui]1ﬂ15@ﬂ!ﬂi@ﬁ!tﬂﬂ@@ﬂﬂ'lﬂi%ﬂ‘ljllﬂiﬂﬂllnﬂﬁgﬂﬂﬁﬂﬂi$ﬂ’3uﬂ1§wﬁ@ﬂcﬁlﬂEllllll“l/l'é)ﬂvlclfﬂ

9 1 v
Tasaualsaruguuazdlsilsunamuaaunsoglszneulalu a15190 4.11 naza i 4.12

d‘ % LAY % %
M990 4.11 M3dugalsiiunazdilsnivau

U

aulsnruqu anlsisy MNaMIuAN
Flow NaOH Feed Flowrate (1) Vi
Flow CH,OH Feed Flowrate (2) V2

51



d‘ U T o Qv % 1
319N 4.11 M3dugalsisunazdilsniugu (ve)

G

aulsaiugy aunlsisu MNaILAN

RD Column Pressure stage 1 Distillate Flowrate V3
RD base Level RD Bottom Flowrate V4

RD column Temperature stage 12 Rebolier Heat Input RD Rebolier Duty

RAD column Temperature stage 20 Rebolier Heat Input RAD Rebolier Duty
RAD base Level RAD Bottom Flowrate V5
RAD base Level RAD Distillate Flowrate A

RAD Column Pressure Condenser Cooler Input RAD Condenser Duty

Flow Spliter Feed Flowrate \'%
HAD_51PV

RD_FEEDT_FC
rone 8 J

i i

i A1 0!
@ P RDFE D]

P1 L

F!D FEED2 FC

RAD.S1LC
i

________

RAD

R&0-FEED

------

>
RAD_ Sac

SPOUT_| FE

---------- -=

DIST

i
A3

e

st 412 TassadumsaruaunszuiumsnanTsdeuumenladdevenauifiiism

fl]'lﬂﬂ'li%&ﬂﬁW%ﬁ’ NE‘]"’IJ'ENﬂTﬁ'E]'E]ﬂLL‘LI‘LIIﬂiﬁﬁ%ﬁfﬂiﬂ’)ﬁﬁmﬂi%ﬂ’JuﬂTiNa@]Icﬁlaﬂum‘ﬂ@ﬂ
< Y J Ao Aaan U 1 1A Y P .
llcmmwaﬂaumuﬂgﬂimwmw Iﬂiuﬂiullllﬁ”lll”liﬂ‘l’ﬂﬂ”lliuﬁu (Initialization) UDN

a 4 4 o a L 1 1 a oA 1
ﬂizmumiwa@"lﬁ' Lﬁﬂﬂi]”lﬂlﬁﬂ‘ﬂ1ﬂ1§’3lﬂ31$1’iiulma$ﬁu3EJTJ;]‘]JGN”IH“IJ@Qﬂi%‘]J’J‘LlﬂﬁW‘]J’ﬂ

52



] Aa oA < y Aaan Aaan a g o o 1 1
lumirediidauvesnenaunlgnseniilgnierdian Ing ladersaz i ld biswisanim
2 9 Y XK o 9 a 9 a3
Guaulumsarnguld FeihimsesnuuuIassaienszurumswnan Tagldnianguilums
#19891anlumseonuuFI8198991ARNUITBUDS Devriim B, Kaymak utazame 3414

Y v 1 2
Iﬂﬁ\iﬁj’mﬂ'ljﬂ')TJﬂﬂJﬂﬁgU'JUﬂ’]ﬁﬂ\i@ﬂllﬂu

Y 9 Y J A o o =
1. f"l:]‘]Jf’]ll@@]ﬁ']ﬂWiul‘Viaﬁ"liﬂﬂuﬂflfl'naﬁl \"2! LW@ﬂTﬂuﬂ@@]i”lﬂ"lillﬁasll@Qﬁ”ﬁI“]ﬂﬂﬂlllrla

I 1 Ao J o o
maﬂ"lw”lﬁ’ag“lumﬁmwuﬂ iHagI1al v2 ﬂﬁ’mﬂ@@i"lﬂ”livh/iﬁelli’Nﬁ’ﬁLiWHuﬂﬁ

o J AA [aaa 4 y o
2. muauanuaumelurenauniilfnsedienda v iearuquanuauved loais
nerumelurenauliodlumunngay uazndnuveunsesnIumiumelunonaunuy

mldauguanuaulieglumimngay

) ] { =N J 4y o @
3. MuANIzAUYeUMaINg luenauiiilfnie1d1e11d) V4 iefmuaszau
1 1A 1 < 9 4 4 A )
Youraleg lumnmuzan naznelurenauununi ldre11a7 Vs iag 1142 Ve ieimua

sEAvvRIralng lumNMINzaw

=

A A\ ama g o ¥ Yy v 3
4, ﬂ?ﬂf;lllqm?fQ?Jﬂ?ﬂclu‘ﬂf]ﬂau‘ﬂllﬂ{(]ﬂifﬂ@'ﬁﬂwﬁ\?\?’luﬂj'lllﬁflu"llENWIJ?J@]?JGB'IGIHW@

J Aa (aaa A I Y aa ] a J Aa (aaa ?.’, 1
nauntUfaseune 19 Idguugitming oy guvgineluvenauniijisenivazdna
Y

nvsutemInalnsevesasuazlszansmunlumsusnveans atuguaunginigly

& < v o ) Yy 9 3 &
waﬂauuuum“lﬂmﬂwaqqmmmmumawmmmmaﬁluwaﬂau

@ { 4 Y J 4 o o
5. ﬂ'c]llf]ll’t’]@5’]ﬂ’]§]l‘ﬂaellﬂ\clﬁ’ﬁ‘ﬁ@@ﬂﬁ]’lﬂlﬂ%@\n!ﬂﬂﬂﬂﬂ'ﬂﬁﬂ V7 Lﬁ@ﬂ’lﬁu@]ﬂ@i’lﬂ’li

TvavesasIiinaaugavesniaasluszuy

53



=
unns

aziwan1sIdy miedUsenanazdorauenuz

dy Y 1 = aw ) 9
UﬂullﬂﬂaYJﬂQUVIﬁ?ﬂNaﬂ”ﬁ’mEJLLﬁ%GIJi’JLﬁuﬂuu%iuﬂ"ﬁﬂﬂﬂlmﬂIﬂi\iﬁiNﬂWiﬂ’J‘UﬂﬂJ

a 4 A aan
nszuIuMsnan lsdeumumeon leanierenauniilgnie

5.1 a3Ulm37dy

v Y '
a A L= (4

NUITBFUTABINITANYUNEINUMITBBNUDY TATIAS19NTAIUAUNTZUIUNITHER

4 J A aaa % o a 4

Ty@enunen lyaarenenauniiljnaer elinsdivdganszuiumanan Tm@oumumen lod

v Y A 9 v a o a =S 4

aug ldamemanuduam lumawaa TaglunmsidsvilyanszuaumseaaTmReuunen lad
Y J Aa

Aaaa Y a ' o o 1 A A Y 9 J Aa
@]'JEJW’E]ﬂaHVIMﬂaﬂﬁﬂ’luuuﬂu’)ﬂﬂ’lﬁﬂ’lﬂ’]uﬁaﬂ 31MUIUND Lﬂi@\‘]iﬁﬂj’]ﬂiﬂu , Honauny

v 9
ﬂaﬂiiﬂ Ay HONAUYUA Radfrac HAINNITIIABINTZUIUNITN 3 LUUWUN

A A 9 A 9 9 (| 1 a [ 4
5.1.1 fﬂiﬁ@Wii@L'W3Jﬂ’Nlliﬂuiumiﬂﬂi‘ﬁﬂ'ﬂﬂiﬂuquﬁﬂNﬁ@]ﬂﬂﬂ!ﬂTWWﬁﬁﬂmm Tag

AWNT0ANQUHNTIN 75 o aFod 1A 35 ossuaifod

] 9 ' H o '
5.2 maaanseus Iusunteluenauniilgnse ludinaneguninues

a [ 4 o g’/ [ { aan o g}/ g’/ g’/
AOANUN IﬂElmu’llucb'uﬂ181Uﬁﬂﬂauﬁﬁﬂ§]ﬂifﬂﬁ"liﬂﬁﬂﬁTﬂﬁﬂﬂ MUIUYU 25 ¥U 5\1 20 YU

4 3 Y T 1 a U
5.3 mMaiuIusumelunonausia Radfrac ‘luﬁqwamaﬂmmwmmwamwﬁ

9 1 H 9
Tagdnusumeluvendunmingauns 31U 32 Fu

J o
5.14 ll@s]}ﬁﬂﬂ'lﬂﬂﬂj'luﬂ'li@@ﬂl!ﬂﬂiﬂi\?ﬁ%ﬁ\?ﬂ?iﬂjﬂﬂlll,lfﬂllLlwauﬂﬂﬁﬂllaguuﬁu@

Yy a 2 I Y J AA (aaa
Iﬂi\iai'l\?ﬂ?iﬂjﬂﬂ‘“ﬂig‘Uj‘Hﬂ'ﬁWﬁﬁjcﬁlﬂUuluﬂﬂﬂqcﬁﬂﬂjﬂﬁﬂﬂauﬂuﬂaﬂﬁfﬂ



5.2 VdlAUDMU

aan ¥ s A
5.2.1 ﬁllfﬂi'ﬂ;]ﬂiEﬂLﬂﬁﬂ?iﬁ‘ﬂ\ilmﬂ’duﬂﬁﬁuﬂﬁ uazfmmmumauwamﬁmgﬁa

AnpvouAnaA NN UYeITEHINTUMITRINI 01

[

aw Aq 9 o ' @ 3 o = ’
522 luawd EluGl“b'ﬂ13ﬂ1u'JfL!ﬂ1‘Vﬂ\‘lLﬂﬁ‘]eljzﬂ'lﬁﬂﬁsllﬂ\ﬂﬂil!ﬂihlﬂuﬁﬂﬂ%\if)'mllilﬁlﬁ\‘l

113aA19599097a1A

a a s
5.2.3 ‘]JizmuﬁlliiﬂH%ﬂl@ﬂiﬂiﬂﬁ%ﬁﬂﬁﬂ'J‘Uﬂ?JﬂiS‘]J’JuﬂﬁWﬁ@]jgﬁlaﬂlllll‘ﬂﬂﬂllcﬁﬂ

Y J Aa (aaa
mﬂﬁaﬂauﬂuﬂgﬂim

55



UIFDIYUNIN

[1] Arick Castillo-Landero , Arturo Jiménez-Gutiérrez and Rafiqul Gani (2017) “Development of an

Intersified reactive distillation Process for the synthesis of dioxolane products” The 27"

European Symposium on Computer Aided Process Engineering (ESCAPE 27)
[2] Dandan Shou and Chengxi Wang (2012) “Simulation of process for preparing sodium

methoxide using aspen plus” Advanced Matherials Research Vols. 557-559 (2012) pp
2350-2354

[3] Devrim B. Kaymak , Hatice Unlu t481¢ Tugcenaz Ofkeli (2017) “Control of a reactive distillation
column with double reactive sections for twoOstage consecutive reactions” Chemical

Engineering and Processing : Process Internsification 113(2017)86-93
[4] 1. Agirre , V.L. Barrio , B. GUemez , J.F. Cambra and P.L. Arias (2011) “Catalytic reactive

distillation process development for 1,1 diethoxy butane production from renewable

source” Bioresource Techonology 102 (2011) 1289-1297
[5] José F. O. Grango and Nuno M. Oliveira (2016) “Process Simulation and Techno-Economic
Analisis of the Production of Sodium Methoxide” I&EC research 55,56 156-157

[6] Natja-nan Boon-anuwat , Worapon Kiatkittipong , Farid Aiouache and Suttichai
Asssbumrungrat. (2015). “Process design of continuous biodiesel production by reactive
distillation: Comparison between homogenous and heterogeneous catalysts”. Chemical

Engineering and Processing 33-34



VIIMNYNIN (610)

[7] Siriporn Aeamsuksai , Thirawat Muenasichai , Weerinda Appamana , kanokwan Ngaosuwan ,
Worapon kiatkittipong , Palang Bumroongsakulsawat and suttichai Assabumrungrat. (2017)
“Process simulation of sodium methoxide production from methanol and sodium hydroxide

using reactive distillation”. Session: Industrail Chemistry and Innovations: IC-P-015

[8] Takami Kai , Goon Lum Mak , Shohei Wada , Tsutomu Nakazato , Hirokazu Takanashi and
Yoshimitsu Umeura. (2014) “Production of biodiesel fuel from canola oil with dimethyl
carbonate using an active sodium methoxide catalyst prepared by crystallization” .

Bioresource Technology 163 360-363

[9] Wenying Shi , Jianxin Li, Bengiao He , Feng Yan , Zhenyu Cui , Kaiwei Wu , Ligang Lin ,
Xiaomin Qian and Yu Cheng. (2013) “Biodiesel production from waste chicken fat with
low free fatty acids by an integrated catalytic process of composite membrane and sodium

methoxide” . Bioresource Technology 139 316-322

[10] Yuan-Chung Lin , Kuo-Hsiang Hsu and Jia-Fang Lin .(2014) “Rapid palm-biodiesel
production assisted by microwave system and sodium methoxide catalyst”. Fuel 115 306-

311

1A Jd @ a 1 4 %0 o Yy 9 Yo 1

[11] 5908 BoIA%. (2014) “mswan 0 Tedranvvasioinniiiiunealsudilasldausa
aaa J a a J
‘]J{,]ﬂiﬂ'li%taﬂhmﬂﬁ]ﬂvl“lf@”. ﬁT’lJ'l'Jﬁﬁ’Jﬂiillmﬁ AUSIAINTIUAITAT

a Y a2 J
UUINYIAYFAIVATIUATUNT

[12] “niueammnos sy, malulagnsnas luTofa J5msaonaoy 9109 1dan :

http://www.vcharkarn.com/varticle/37458 [FUAUIiD 9 AaM1AN 2560]

o aaa 4 a o a
[13] “wonauunuiilfnier”. nIeslnsal g Ineynsu e lden

http://www.chulapedia.chula.ac.th/index.php [ﬁuﬁ’mﬁa 15 A911IAY 2560]

57



[14]

[15]

[16]

[17]

[18]

[19]

UIIMIYNIN (71D)

Sayfon Kietawarin. 2002 “Control Structure design applied to hydrodealkylation process

plantwide control problem”. Bangkok : Chulalongkorn University.

“'g . s Y K Y
NUFIUVDITZVUAIUAY (Basic of Control System)”. W1naldan

http://mte.kmutt.ac.th/elearning/Transient Response Analysis/webpage%205.html [?’f‘]_l A

(319 23 AIMIAY 2560]

“Process Control”. 1919418210
http://www.bookclubman.com/process%20control%20sample%20file-1.htm [T?’f vAULe 25

A9IMIAY 2560]

v (@ = J =~ = 9 =K Y
uﬁLﬂﬂ@uLﬂﬂﬂﬁizqa.“ﬂﬂuiﬂiamﬂiuﬂﬂwqﬂﬂ”.Hﬂﬂ01@ﬂ1ﬂ
. g 9y 4 a
http://www.navy.mi.th/elecwww/magaz/magazine/no16/18.pdf [duﬂmﬁa 23 I

2560]

a o 4 a J
q31A IUNTV5UIUAY. “Control Systems 5¥UUAIVAN” 19109 19910

http://suchart.rmutl.ac.th/04-220-308/CT_L06.pdf [AURAMING 25 A9M1AY 2560]
Aa J A s Y KR Y
Fnaes-ilad. W19 laan

http://eng.sut.ac.th/me/box/3 54/425311/02%20PID%20control%?20design.pdf [?T’]J Auile

25 AN 2560]

[20] TIAE. 919418910 http:/www.online-

courses.vissim.us/Strathclyde/measures _of controlled system pe.htm [?f VAULD 25

AIMIAY 2560]

58






HNANUIN N

Y a = d
mayamiwamimmﬂummﬂ"lfm



H 1 a J
A5199 N.1 ANTTUEATTUIUMIHAN TasReunen lsa (T = 35°C ,RD =20 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 35 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.67
RD-DIST 0.929 0 0 0.071 74.36 1 5320.17
NAOCH3 0.339 0 0.435 0.225 86.64 1 1550
WASTE 0.538 0 0 0.464  80.46 1 813.453
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.66

H 1 a J
M3197 0.2 ATTUANITUIUMIHan TsAenmnen lsa (T = 35°C ,RD =21 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)

NAOH 0 0.5 0 0.5 30 1 999.5

CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 35 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
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H 1 a 4
A5199 1.2 MNTTUTATTUIUMIHAN TasReunen lsa (T = 35°C ,RD =21 stage,

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
RD-DIST 0.929 0 0 0.071 74.39 1 5320.17
NAOCH3 0.34 0 0.435 0.225  86.596 1 1550
WASTE 0.537 0 0 0.463 80.51 1 813.447
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30OH-RE 0.99 0 0 0.01 64.65 1 4470.63

319N 1.3 ANTTUENIZUINMIHan TanAeummnen lud (T = 35°C , RD =22 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 35 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.929 0 0 0.071 74.38 1 5320.13
NAOCH3 0.340 0 0.435 0.225 86.61 1 1550
WASTE 0.537 0 0 0.463 80.46 1 813.447
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63
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H 1 a J
A519N N.4 ANTTUTATTUIUMIHAN TsReunen lsa (T = 35°C , RD =23 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 35 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.929 0 0 0.071 74.38 1 5320.13
NAOCH3 0.340 0 0.435 0.225 86.61 1 1550
WASTE 0.537 0 0 0.463 80.49 1 813.447
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

H 1 a J
A15199 1.5 ANTTUTATTUIUNTHAN IReuNon lsa (T = 35°C ,RD =24 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 35 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.929 0 0 0.071 74.38 1 5320.13
NAOCH3 0.340 0 0.435 0.225  86.60 1 1550




H 1 a J
A519N 1.5 ANTTUTATTUIUMIHAN TasReunen lsa (T = 35°C ,RD =24 stage,

RAD = 30 stage) (79)

Composition Condition
Total mass
Steam T P
CH,OH NaOH  NaOCH, H,0 flow
(°C) (atm)
(KG/HR)
WASTE 0.537 0 0 0.463 80.49 1 813.447
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

319N N6 ANTTUENTZUIUMIHAA TaReumnen lad (T = 35°C , RD = 25 stage ,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°0) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 35 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.67
RD-DIST 0.929 0 0 0.071 74.39 1 5320.17
NAOCH3 0.34 0 0.435 0.224  86.596 1 1550
WASTE 0.536 0 0 0.464  80.51 1 813.453
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.66
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H 1 a J
51990 1.7 ANTTUANTTUIUMINAA TsReNuNen lud (T =35°C ,RD =26 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 35 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.929 0 0 0.071 74.39 1 5320.12
NAOCH3 0.34 0 0.435 0.224  86.596 1 1550
WASTE 0.536 0 0 0.464  80.51 1 813.447
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.66

H 1 a J
51990 1.8 AINTTUANTLUIUMINAA TsReNNeN Jyd (T = 35°C , RD = 27 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 35 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.67
RD-DIST 0.929 0 0 0.071 74.39 1 5320.17
NAOCH3 0.34 0 0.435 0.224  86.58 1 1550
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H 1 a J
A5199 1.8 AINTTUANTTUIUMINGA TsReNunen lud (T = 35°C , RD = 27 stage,

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.536 0 0 0.464 80.51 1 813.453
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05

CH30H-RE 0.99 0 0 0.01 64.65 1 4470.66

319N 1.9 ANTTUANTZUINMIHAA TaReumnen o (T = 35°C ,RD =28 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 35 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.929 0 0 0.071 74.39 1 5320.12
NAOCH3 0.34 0 0.435 0.224  86.58 1 1550
WASTE 0.536 0 0 0464  80.53 1 813.447
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.60
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H 1 a 4
A15199 N.10 ANTLUANTTUIUMINGA TsReNunen lud (T =35°C ,RD =29 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 35 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.929 0 0 0.071 74.39 1 5320.12
NAOCH3 0.34 0 0.435 0.224  86.58 1 1550
WASTE 0.536 0 0 0.464  80.53 1 813.447
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.60

3 1 a 4
M5199 N.11 ANTLUANTLUIUNITNAA TsReuunen lua (T =35°C ,RD =30 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 35 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.929 0 0 0.071  74.40 1 5320.12
NAOCH3 0.34 0 0.435 0.224  86.57 1 1550
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H 1 a 4
A5199 N.11 AMNTLLANTTUIUMINEA TsReNunen lud (T =35°C ,RD =30 stage,

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.536 0 0 0.464 80.53 1 813.447
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05

CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

3 1 a 4
15199 N.12 ANTLUANTLUIUMITNAA TsReuunen lua (T = 40°C , RD = 20 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 40 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.67
RD-DIST 0.929 0 0 0.071 74.40 1 5320.17
NAOCH3 0.340 0 0.435 0.224  86.58 1 1550
WASTE 0.536 0 0 0.464  80.52 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.61
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H 1 a 4
A5199 N.13 AMNTLLANTTVIUMINAA TsRenunen lud (T =40°C , RD =21 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 40 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.929 0 0 0.071 74.40 1 5320.11
NAOCH3 0.341 0 0.435 0.224  86.57 1 1550
WASTE 0.535 0 0 0.465 80.53 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.61

H 1 a J
A15199 N.14 ANTTLANTTUIUMINAA TsReuunen lua (T =40°C , RD = 22 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)

NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 40 1 999.5

RD-FEED2 1 0 0 0 64.65 1 5870.61

RD-DIST 0.929 0 0 0.071 74.41 1 5320.11
NAOCH3 0.341 0 0.435 0.224  86.56 1 1550
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H 1 a 4
A5199 N.14 AMNTLLANTTVIUMINAA TsRenunen lud (T = 40°C , RD = 22 stage,

RAD = 30 stage) (79)

Composition Condition
Steam CH,O T P Total mass flow
NaOH NaOCH, H,0

H (°0O) (atm) (KG/HR)

WASTE 0.535 0 0 0.465  80.54 1 813.445
RAD-DIST  0.99 0 0 0.01 64.65 1 4506.67

SP 0.99 0 0 0.01 64.65 1 36.05

CH30H-RE  0.99 0 0 0.01 64.65 1 4470.61

3 1 a 4
A15199 N.15 ANTLUANTLUIUMITNAA TsReuunen lua (T = 40°C , RD = 23 stage,

RAD = 30 stage)

Composition Condition
Steam CH,O0 T P Total mass flow
NaOH NaOCH, H,O
H (°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEED1 0 0.5 0 0.5 40 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.929 0 0 0.071 74.41 1 5320.11
NAOCH3 0.341 0 0.435 0.224  86.55 1 1550
WASTE 0.535 0 0 0.465 80.56 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE  0.99 0 0 0.01 64.65 1 4470.62
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H 1 a 4
A15199 N.16 AMNTLLANTTUIUMINAA TsRenunen lud (T = 40°C , RD = 24 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 40 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.929 0 0 0.071 74.42 1 5320.12
NAOCH3 0.341 0 0.435 0.224  86.55 1 1550
WASTE 0.535 0 0 0.465 80.56 1 813.446
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

3 1 a 4
5199 N.17 ANTLLANTTUIUNMINAR TsReuunen lua (T =40°C , RD = 25 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0

(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 40 1 999.5

RD-FEED2 1 0 0 0 64.65 1 5870.62

71



H 1 a J
5199 N.17 ANTTLANTTUIUMINAA TsReumnen lad (T = 40°C , RD = 25 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
RD-DIST 0.929 0 0 0.071 74.42 1 5320.12
NAOCH3 0.341 0 0.435 0.223 86.54 1 1550
WASTE 0.534 0 0 0.466  80.58 1 813.446
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30OH-RE 0.99 0 0 0.01 64.65 1 4470.62

M319N N.18 ANTLUANTZVIUMIHAA IaReumNon 14@ (T = 40°C , RD = 26 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 40 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.929 0 0 0.071  74.42 1 5320.12
NAOCH3 0.341 0 0.435 0.224  86.53 1 1550
WASTE 0.535 0 0 0.465  80.58 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
A15199 N.19 AMNTLLANTTVIUMINAA TsRenunen lud (T = 40°C , RD = 27 stage,

RAD = 30 stage)

Composition Condition
Total mass
Steam T P
CH,OH NaOH  NaOCH, H,0 flow
(°C) (atm)
(KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30OH 1 0 0 0 30 1 1400
RD-FEEDI 0 0.5 0 0.5 40 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.929 0 0 0.071 74.42 1 5320.12
NAOCH3 0.341 0 0.435 0.224 86.53 1 1550
WASTE 0.534 0 0 0.466 80.58 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30OH-RE 0.99 0 0 0.01 64.65 1 4470.62

H 1 a J
A15199 1.20 ANTLLANTTVIUMINAA TsReNuNen e (T = 40°C , RD = 28 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 40 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.929 0 0 0.071 74.42 1 5320.12
NAOCH3 0.342 0 0.435 0.223  86.53 1 1550




H 1 a 4
A15199 1.20 ANTLLANTTVIUMINAA TsRenunen lud (T = 40°C , RD = 28 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.534 0 0 0.466 80.58 1 813.446
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67

SP 0.99 0 0 0.01 64.65 1 36.05

CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

3 1 a 4
15199 N.21 ANTLUANTLUIUNMITNAA TsReNuNen lud (T = 40°C , RD =29 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 40 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.929 0 0 0.071 74.42 1 5320.12
NAOCH3 0.341 0 0.435 0.224  86.52 1 1550
WASTE 0.534 0 0 0.466  80.60 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a 4
A5199 1.22 AMNTLLANTTVIUMINAA TsRenunen lud (T = 40°C , RD = 30 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 40 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.929 0 0 0.071 74.43 1 5320.12
NAOCH3 0.341 0 0.435 0.224  86.51 1 1550
WASTE 0.533 0 0 0.467  80.66 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

H 1 a J
5199 1.23 ANTTLANTTUIUMINAA TsRennen lue (T =45°C , RD = 20 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 45 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.57
RD-DIST 0.929 0 0 0.071 74.43 1 5320.07
NAOCH3 0.342 0 0.435 0.223  86.53 1 1550




H 1 a J
5199 N.23 ANTTLANTTUIUMINAA TsRenunen lud (T =45°C , RD = 20 stage,

RAD = 30 stage) (79)

Composition Condition
Total mass
Steam T P
CH,OH NaOH  NaOCH, H,0 flow
(°C) (atm)
(KG/HR)
WASTE 0.533 0 0 0.467 80.59 1 813.438
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.63
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.58

3 1 a 4
M5199 N.24 ANTLLANTLVIUMINAR IsReNmnen lua (T =45°C ,RD =21 stage,

RAD = 30 stage)

Composition Condition
Total mass
Steam T P
CH,OH NaOH NaOCH, H,0 flow
O] (atm)
(KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 45 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.57
RD-DIST 0.929 0 0 0.071 74.43 1 5320.07
NAOCH3 0.342 0 0.435 0.223 86.53 1 1550
WASTE 0.533 0 0 0.467 80.59 1 813.438
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.63
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.58
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d' 1 Aa = 4
A1INN N.25 ﬂ?ﬂiguﬁﬂi$ﬂ')uﬂ'ﬁwaﬁIcﬁlﬂﬂﬂm‘ﬂﬂﬂqﬁ]ﬁﬂ (T

RAD = 30 stage)

=45°C ,RD =22 stage,

Composition Condition
Total mass
Steam T P
CH,OH NaOH  NaOCH, H,0 flow
(°C) (atm)
(KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30OH 1 0 0 0 30 1 1400
RD-FEEDI 0 0.5 0 0.5 45 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.929 0 0 0.071 74.44 1 5320.11
NAOCH3 0.342 0 0.435 0.223 86.50 1 1550
WASTE 0.533 0 0 0.467 80.62 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30OH-RE 0.99 0 0 0.01 64.65 1 4470.61

H 1 a J
5199 N.26 ANTTLANTTVIUMINAA TsReNunen lad (T =45°C , RD = 23 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)

NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 45 1 999.5

RD-FEED2 1 0 0 0 64.65 1 5870.61

RD-DIST 0.929 0 0 0.071 74.44 1 5320.11
NAOCH3 0.342 0 0.435 0.223  86.49 1 1550
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H 1 a J
5199 N.26 ANTTLANTTUIUMINAA TsReNunen lud (T =45°C , RD = 23 stage,

RAD = 30 stage) (710)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.533 0 0 0.467 80.63 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67

SP 0.99 0 0 0.01 64.65 1 36.05

CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

3 1 a 4
5199 1.27 ANTLLANTLUIUMINAA LsReNnen lua (T =45°C , RD = 24 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 45 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.929 0 0 0.071 74.45 1 5320.12
NAOCH3 0.342 0 0.435 0.223 86.49 1 1550
WASTE 0.533 0 0 0.467  80.64 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a 4
A15199 1.28 ANTLLANTTUIUMINAA TsReunen lad (T = 45°C , RD = 25 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 45 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.928 0 0 0.072  74.45 1 5320.12
NAOCH3 0.342 0 0.435 0222  86.48 1 1550
WASTE 0.532 0 0 0.468  80.64 1 813.446
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

H 1 a J
A15199 1.29 ANTLLANTTUIUMINAA TsReuunen Jaa (T =45°C , RD = 26 stage ,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 45 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.928 0 0 0.072  74.45 1 5320.12
NAOCH3 0.342 0 0.435 0.222  86.48 1 1550
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H 1 a 4
ﬂ]iNﬁ .29 ﬂ1ﬂi$LLﬁﬂi$‘U'Juﬂ']‘iwaﬁiclﬂaﬂmuﬂ@ﬂllﬁb'ﬂ (T =45°C

, RD = 26 stage ,
RAD = 30 stage) (79)
Composition Condition
Total mass
Steam T P
CH,OH NaOH NaOCH, H,0 flow
(°C) (atm)
(KG/HR)
WASTE 0.532 0 0 0.468 80.64 1 813.446
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

3190 1.30 ANTTUANTZVIUMIHAR IaAeummnen lud (T = 45°C , RD = 27 stage ,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 45 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.928 0 0 0.072  74.46 1 5320.12
NAOCH3 0.342 0 0.435 0.222  86.47 1 1550
WASTE 0.532 0 0 0.468  80.66 1 813.446
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
5199 N.31 ANTTLANTTUIUMINAA TsReumnen lad (T =45°C , RD = 28 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 45 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.928 0 0 0.072  74.46 1 5320.12
NAOCH3 0.342 0 0.435 0.222  86.46 1 1550
WASTE 0.532 0 0 0.468  80.66 1 813.446
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

H 1 a J
M99 N.32 ANTTLANITTUIUMINAA TReumnen lag (T =45°C , RD = 29 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 45 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.928 0 0 0.072  74.46 1 5320.12
NAOCH3 0.342 0 0.435 0.222  86.46 1 1550




H 1 a J
5199 1.32 ANTTLANTTVIUMITNAA TsReumnen lad (T =45°C , RD = 29 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.532 0 0 0.468 80.67 1 813.446
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67

SP 0.99 0 0 0.01 64.65 1 36.05

CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

319N 133 ANTTUENIZUIUMIHAn TaReummen lud (T = 45°C , RD = 30 stage ,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 45 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.928 0 0 0.072  74.46 1 5320.12
NAOCH3 0.342 0 0.435 0.222  86.46 1 1550
WASTE 0.532 0 0 0.468  80.66 1 813.446
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
5199 N34 ANTTLANTTVIUMINAA TsReumnen lad (T = 50°C , RD = 20 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 50 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.64
RD-DIST 0.928 0 0 0.072  74.46 1 5320.12
NAOCH3 0.342 0 0.435 0222  86.47 1 1550
WASTE 0.532 0 0 0.468  80.66 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.69
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

H 1 a J
5199 1.35 ANTTLANTTUIUMINAA TsReNmnen lag (T = 50°C , RD = 21 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 50 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.64
RD-DIST 0.928 0 0 0.072  74.47 1 5320.14
NAOCH3 0.342 0 0.435 0.222  86.46 1 1550



H 1 a J
5199 1.35 ANTTLANTTVIUMINAA TsReumnen lad (T = 50°C , RD = 21 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.532 0 0 0.468 80.67 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.69

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.64

3190 136 AMNTTUANTZVIUMIHAA TaReumnen lud (T = 50°C , RD = 22 stage ,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 50 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.64
RD-DIST 0.928 0 0 0.072  74.47 1 5320.14
NAOCH3 0.342 0 0.435 0.222  86.45 1 1550
WASTE 0.531 0 0 0.469  80.68 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.69
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.64
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H 1 a J
5199 1.37 ANTTLANTTVIUMINAA TsReumnen lad (T = 50°C , RD = 23 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 50 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.64
RD-DIST 0.928 0 0 0.072  74.47 1 5320.14
NAOCH3 0.343 0 0.435 0.221 86.44 1 1550
WASTE 0.531 0 0 0.469  80.69 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.69
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

H 1 a J
5199 1.38 AINTTLANTTUIUMINAA TRenmnen lag (T = 50°C , RD = 24 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 50 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.48 1 5320.13
NAOCH3 0.343 0 0.435 0.221 86.43 1 1550




H 1 a J
A5199 1.38 AINTTLANTTVIUMINAA TsReNmnen lad (T = 50°C , RD = 24 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.531 0 0 0.469 80.70 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

3190 139 ANTTUENIZUINMIHAN TaReummen lad (T = 50°C , RD = 25 stage ,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 50 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.928 0 0 0.072  74.48 1 5320.11
NAOCH3 0.343 0 0.435 0.221 86.48 1 1550
WASTE 0.532 0 0 0.468  80.64 1 813.444
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.61
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H 1 a J
A1 N.40 AINTTLANTTVIUMINAA TsReNmnen lad (T = 50°C , RD = 26 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 50 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.48 1 5320.13
NAOCH3 0.343 0 0.435 0.221 86.41 1 1550
WASTE 0.530 0 0 0.47 80.72 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

H 1 a J
5199 N.41 ANTTLANITTUIUMINAA TReNmnen lag (T = 50°C , RD = 27 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 50 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.49 1 5320.13
NAOCH3 0.344 0 0.435 0.221 86.41 1 1550




H 1 a J
5199 N.41 ANTTLANTTVIUMINAA TsReumnen lad (T = 50°C , RD = 27 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.530 0 0 0.47 80.73 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

3 1 a 4
5199 N.42 ANTLUANTTVIUMSNAR TsReNmNen lag (T = 50°C , RD = 28 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 50 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.49 1 5320.13
NAOCH3 0.343 0 0.435 0.221 86.40 1 1550
WASTE 0.530 0 0 0.47 80.74 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63
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H 1 a J
5199 N.43 ANTTLANTTVIUMINAA TsReumnen lad (T = 50°C , RD = 29 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 50 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.50 1 5320.13
NAOCH3 0.343 0 0.435 0.221 86.40 1 1550
WASTE 0.530 0 0 0.47 80.74 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

H 1 a J
5199 N.44 ANTTLANTTUIUMINAA TRenmnen lag (T = 50°C , RD = 30 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C)  (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 | 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEED1 0 0.5 0 0.5 50 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.50 1 5320.13
NAOCH3 0.344 0 0.435 0.221  86.39 1 1550
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H 1 a J
5199 N.44 ANTTLANTTVIUMINAA TsReumnen lad (T = 50°C , RD = 30 stage

RAD = 30 stage) (79)

Composition Condition

Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0
(°C) (atm) (KG/HR)

WASTE 0.529 0 0 0.471 80.75 1 813.45

RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05

CH3OH-RE 0.99 0 0 0.01 64.65 1 4470.63

3 1 a 4
M5199 N.45 ANTTUANTTUIUMSNAA LsReNINen lag (T = 55°C , RD = 20 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 55 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.64
RD-DIST 0.928 0 0 0.072  74.49 1 5320.14
NAOCH3 0.343 0 0.435 0.221 86.41 1 1550
WASTE 0.530 0 0 0.47 80.72 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.69
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.64
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H 1 a J
5199 N.46 AINTTLANTTVIUMINAA TsReNmnen lad (T = 55°C , RD = 21 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 55 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.64
RD-DIST 0.928 0 0 0.072  74.50 1 5320.14
NAOCH3 0.343 0 0.435 0.221 86.40 1 1550
WASTE 0.530 0 0 0.47 80.74 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.69
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.64

H 1 a J
5199 N.47 ANTTLANTTUIUMINAA TRenmnen lag (T = 55°C , RD = 22 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 55 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.64
RD-DIST 0.928 0 0 0.072  74.50 1 5320.14
NAOCH3 0.344 0 0.435 0.221 86.40 1 1550




H 1 a J
51990 N.47 ANTTLANTTVIUMINAA TsReumnen lad (T = 55°C , RD = 22 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.529 0 0 0.471 80.74 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.69

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.64

319N N.48 ANTTUANTZVIUMIHAA TaReumnen lud (T = 55°C , RD = 23 stage ,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 55 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.64
RD-DIST 0.928 0 0 0.072 ~ 74.50 1 5320.14
NAOCH3 0.343 0 0.435 0.221 86.40 1 1550
WASTE 0.529 0 0 0.471 80.76 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.69
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.64
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H 1 a J
A1 N.49 ANTTLANTTVIUMINAA TsReumnen lad (T = 55°C , RD = 24 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 55 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072 7451 1 5320.14
NAOCH3 0.344 0 0.435 0.220  86.37 1 1550
WASTE 0.529 0 0 0.471 80.77 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.69
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

H 1 a J
5199 1.50 ANTTLANTTUIUMINAA TsReNmnen lag (T = 55°C , RD = 25 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 55 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.51 1 5320.13
NAOCH3 0.344 0 0.435 0.220  86.37 1 1550




H 1 a J
A15199 N.50 AINTTLANTTVIUMINAA TsReNmnen lad (T = 55°C , RD = 25 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.529 0 0 0.471 80.78 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.69

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

3 1 a 4
5199 N.51 AINTTUANTLUIUMSNAA LsReNmnen lag (T = 55°C , RD = 26 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 55 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.51 1 5320.14
NAOCH3 0.344 0 0.435 0.220  86.37 1 1550
WASTE 0.528 0 0 0472 80.77 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.69
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63
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H 1 a J
5199 1.52 ANTTLANTTVIUMINAA TsReumnen lad (T = 55°C , RD = 27 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 55 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072 7451 1 5320.14
NAOCH3 0.344 0 0.435 0.220  86.37 1 1550
WASTE 0.528 0 0 0.472  80.77 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.69
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

H 1 a J
5199 1.53 ANTTLANTTUIUMINAA TsReumnen lag (T = 55°C , RD = 28 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 55 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.53 1 5320.14
NAOCH3 0.344 0 0.435 0.220  86.35 1 1550




H 1 a J
5199 1.53 AINTTLANTTVIUMIHAA TsAeumnen lad (T = 55°C , RD = 28 stage

RAD = 30 stage) (719)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.528 0 0 0.472 80.80 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

H 1 a 4
5199 N.54 AINTTLANTTVIUMINAA TsReuunen lud (T = 55°C , RD =29 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 55 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.53 1 5320.13
NAOCH3 0.344 0 0.435 0.220  86.34 1 1550
WASTE 0.527 0 0 0.473  80.81 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63
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H 1 a J
A5199 N.55 ANTTLANTTVIUMINAA TsRenunen lud (T =55°C , RD = 30 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 55 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.53 1 5320.13
NAOCH3 0.344 0 0.435 0.220  86.34 1 1550
WASTE 0.527 0 0 0.473 80.81 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

3190 N.56 ANTTUANTZVINMIHAA TaReummen lad (T = 60°C , RD =20 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 60 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.53 1 5320.13
NAOCH3 0.344 0 0.435 0.220  86.36 1 1550




H 1 a J
A5199 N.56 ANTTLANTTVIUMINAA TsRenunen lud (T = 60°C , RD = 20 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.527 0 0 0.473 80.79 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

3 1 a 4
5199 1.57 ANTLUANTLUIUMITNAA TsReNnen lua (T = 60°C , RD =21 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 60 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.53 1 5320.13
NAOCH3 0.345 0 0.435 0.220  86.35 1 1550
WASTE 0.528 0 0 0472 80.81 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63
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H 1 a J
A1 N.58 AINTTLANTTUIUMINAA TsRenunen lud (T = 60°C , RD =22 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 60 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.53 1 5320.13
NAOCH3 0.344 0 0.435 0.220  86.36 1 1550
WASTE 0.527 0 0 0.473 80.79 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

319N 1.59 ANTTUANTZUINMIHAA TaReummen lad (T = 60°C , RD =23 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 60 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.53 1 5320.13
NAOCH3 0.345 0 0.435 0.219  86.36 1 1550




H 1 a J
A5199 N.59 ANTTLANTTUIUMINAA TsRenunen lud (T = 60°C , RD = 23 stage,

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.527 0 0 0.473 80.79 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

3190 1.60 ANTTUENTZVIUMIHAA TaReumnen 14 (T = 60°C , RD =24 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 60 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.53 1 5320.13
NAOCH3 0.345 0 0.435 0.219  86.36 1 1550
WASTE 0.527 0 0 0.473 80.79 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63
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H 1 a J
5190 N.61 ANTTLANTZUIUMINAA TsiReuunen lud (T = 60°C , RD =25 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 60 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.55 1 5320.13
NAOCH3 0.345 0 0.435 0.219  86.31 1 1550
WASTE 0.526 0 0 0.474  80.85 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

M0 N.62 ANTTUANTZVINMIHAA TaReummen lad (T = 60°C , RD = 26 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 60 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.928 0 0 0.072  74.55 1 5320.13
NAOCH3 0.345 0 0.435 0.219  86.30 1 1550




H 1 a J
5199 N.62 ANTTLANTTUIUMINAA TsRenunen lud (T = 60°C , RD = 26 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.526 0 0 0.474 80.86 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.63

3190 1.63 ANTTUANTZVINMIHANA TaReummnen lud (T = 60°C , RD =27 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 60 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.927 0 0 0.073  74.55 1 5320.13
NAOCH3 0.346 0 0.435 0.219  86.30 1 1550
WASTE 0.526 0 0 0474  80.86 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
5199 N.64 ANTTLANTTVIUMINAA TsiRenunen lud (T = 60°C , RD = 28 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 60 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.928 0 0 0.072  74.56 1 5320.12
NAOCH3 0.345 0 0.435 0219  86.28 1 1550
WASTE 0.526 0 0 0.474  80.88 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

M3190 1.65 ANTLUANTZUIUMIHAA TaReumnon 146 (T = 60°C , RD =29 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 60 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.56 1 5320.12
NAOCH3 0.345 0 0.435 0.219  86.28 1 1550
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H 1 a 4
A15199 N.65 ANTTUANTTVIUMINAA TsReNunen lud (T = 60°C , RD =29 stage,

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.525 0 0 0.475 80.88 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

3190 N.66 ANTTUANTZVINMIHAA TaReumnen lud (T = 60°C , RD =30 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 60 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.56 1 5320.12
NAOCH3 0.345 0 0.435 0.219  86.27 1 1550
WASTE 0.525 0 0 0.475 80.89 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
A5199 N.67 ANTTLANTTVIUMINAA TsRenunen lud (T = 65°C , RD = 20 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 65 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.56 1 5320.12
NAOCH3 0.345 0 0.435 0.219  86.30 1 1550
WASTE 0.526 0 0 0.474  80.88 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

319N 168 ANTTUANTZVINMIHAA TaReummen o (T = 65°C , RD =21 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 65 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.56 1 5320.12
NAOCH3 0.345 0 0.435 0.219  86.29 1 1550




H 1 a J
A15199 N.68 AINTTLANTTVIUMINAA TsReNnen lud (T =65°C , RD =21 stage,

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.526 0 0 0.474 80.87 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

M3 1.69 ANTTUANTZVIUMIHAA TaReumnen lud (T = 65°C , RD =22 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 65 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.56 1 5320.12
NAOCH3 0.345 0 0.435 0.219  86.29 1 1550
WASTE 0.526 0 0 0474  80.87 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
51990 170 ANTTLANTTUIUMINAA TsRenunen lud (T = 65°C , RD = 23 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 65 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.57 1 5320.12
NAOCH3 0.346 0 0.435 0.218  86.29 1 1550
WASTE 0.526 0 0 0.474  80.90 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

3 1 a 4
5199 N.71 ANTLLANTLUIUMINAA TsReNNeN lud (T = 65°C , RD = 24 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 65 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.58 1 5320.12
NAOCH3 0.346 0 0.435 0218  86.26 1 1550




H 1 a J
5190 171 ANTTLANTTUIUMINAA TsRenunen lud (T = 65°C , RD = 24 stage,

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.525 0 0 0.475 80.91 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

M5190 0,72 ANsTuanIzUIUMINan TaReummen lod (T = 65°C , RD =25 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0O
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 65 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073 74.58 1 5320.12
NAOCH3 0.346 0 0.435 0218  86.26 1 1550
WASTE 0.525 0 0 0.475 80.91 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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M51990 0,73 ANsTuanIEUIUMINAn TaReummen lod (T = 65°C , RD = 26 stage ,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 65 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.59 1 5320.12
NAOCH3 0.347 0 0.435 0.218  86.24 1 1550
WASTE 0.524 0 0 0476  80.93 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

M0 174 ANTTLANTEUINMIHAA TaReummen lad (T = 65°C , RD =27 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 65 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.59 1 5320.12
NAOCH3 0.347 0 0.435 0218  86.23 1 1550




M5190 0,74 ANTTUANTEUIUMINAN TaReummen lod (T = 65°C , RD =27 stage ,

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.524 0 0 0.476 80.93 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

H 1 a 4
5190 175 ANTTLANTTUIUMINAA TsRenmnen lud (T = 65°C , RD = 28 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0O
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 65 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.59 1 5320.12
NAOCH3 0.347 0 0.435 0218  86.23 1 1550
WASTE 0.524 0 0 0.476  80.95 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
5199 N.76 ANTTLANTTVIUMINAA TsRenunen lud (T = 65°C , RD =29 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 65 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.60 1 5320.12
NAOCH3 0.347 0 0.435 0218  86.22 1 1550
WASTE 0.523 0 0 0.477  80.95 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

3 1 a 4
5199 177 ANTLLANTTUIUNMINAA IsReNNeN Jud (T = 65°C , RD = 30 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 65 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.60 1 5320.12
NAOCH3 0.347 0 0.435 0.218  86.21 1 1550




H 1 a J
51990 177 ANTTLANTTUIUMINAA TsRenunen lud (T = 65°C , RD = 30 stage,

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.523 0 0 0.477 80.96 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

319N 178 ANITUENIZUINMIHAN TanReummnen lad (T = 70°C , RD =20 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 70 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.927 0 0 0.073  74.59 1 5320.13
NAOCH3 0.347 0 0.435 0.218  86.21 1 1550
WASTE 0.524 0 0 0476  80.92 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a 4
A1319% 1.79 ANTTUTATTUIUMIHAN IsReunen lsa (T = 70°C ,RD =21 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 70 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.927 0 0 0.073  74.60 1 5320.13
NAOCH3 0.347 0 0.435 0.218  86.23 1 1550
WASTE 0.524 0 0 0476  80.94 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

M3190 1.80 AINITUANTZVINMIHAA TaAenmmen lad (T = 70°C , RD =22 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 70 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.927 0 0 0.073  74.60 1 5320.13
NAOCH3 0.347 0 0.435 0.218  86.22 1 1550




H 1 a J
A15199 N.80 AINTTLANTTVIUMINAA TsReNunen lud (T =70°C , RD =22 stage,

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.524 0 0 0.476 80.96 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

H 1 a J
5190 N.81 AINTTLANITTUIUMINAA TsReNmnen lod (T =70°C , RD =23 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0O
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 70 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.63
RD-DIST 0.927 0 0 0.073  74.60 1 5320.13
NAOCH3 0.347 0 0.435 0218  86.21 1 1550
WASTE 0.523 0 0 0.477  80.96 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
A5199 N.82 AINTTLANTTUIUMINAA TsReuunen lud (T =70°C , RD = 24 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 70 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.60 1 5320.13
NAOCH3 0.347 0 0.435 0218  86.22 1 1550
WASTE 0.523 0 0 0.477  80.96 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

M3190 1.83 ANTTUANTZVINMIHAA TaAenmmen o (T = 70°C , RD =25 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 70 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.62 1 5320.12
NAOCH3 0.348 0 0.435 0217  86.19 1 1550




H 1 a J
A5199 N.83 AINTTLANTTVIUMINAA TsRenunen lud (T =70°C , RD = 25 stage,

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.523 0 0 0.477 80.99 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

H 1 a 4
5199 N.84 AINTTLANTTVIUMINAA TsReNmnen lud (T =70°C , RD = 26 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0O
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 70 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.62 1 5320.12
NAOCH3 0.348 0 0.435 0217  86.18 1 1550
WASTE 0.523 0 0 0.477  81.00 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
A5199 N.85 AINTTLANTTVIUMINAA TsiRenunen lud (T =70°C , RD = 27 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 70 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.62 1 5320.12
NAOCH3 0.348 0 0.435 0.217  86.19 1 1550
WASTE 0.523 0 0 0.477  81.01 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

3190 N.86 ANTTUANTZVINMIHAA TaReummen lad (T = 70°C , RD = 28 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 70 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.62 1 5320.12
NAOCH3 0.348 0 0.435 0217  86.16 1 1550




H 1 a J
A15199 N.86 AINTTLANTTVIUMINAA TsReNunen lud (T =70°C , RD = 28 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0

(°cO) (atm) (KG/HR)

WASTE 0.522 0 0 0.478 81.02 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68

SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

H 1 a 4
5199 1.87 ANTTLANTTVIUMINAA TsReNmnen lud (T =70°C , RD =29 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0O
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 70 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.62 1 5320.12
NAOCH3 0.348 0 0.435 0217  86.16 1 1550
WASTE 0.522 0 0 0.478  81.02 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
A15199 N.88 AINTTLANTTUIUMINAA TsiRenunen lud (T =70°C , RD = 30 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 70 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.62
RD-DIST 0.927 0 0 0.073  74.63 1 5320.12
NAOCH3 0.348 0 0.435 0217  86.15 1 1550
WASTE 0.522 0 0 0.478  81.03 1 813.45
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.68
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

3190 1.89 ANITTUANTZUINMIHAA TaAenmmen lad (T = 75°C , RD = 20 stage ,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.58
RD-DIST 0.927 0 0 0.073  74.65 1 5320.08
NAOCH3 0.348 0 0.435 0216  86.19 1 1550




H 1 a J
A15199 N.89 AINTTLANTTVIUMINAA TsReumnen lad (T =75°C , RD = 20 stage

RAD = 30 stage) (719)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0
(°cO) (atm) (KG/HR)
WASTE 0.522 0 0 0.478 80.99 1 813.441
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05

CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62

3190 1.90 ANTTUANTZVINMIHAA TaReummen lad (T = 75°C , RD = 21 stage ,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.59
RD-DIST 0.927 0 0 0.073  74.63 1 5320.08
NAOCH3 0.348 0 0.435 0.216  86.17 1 1550
WASTE 0.522 0 0 0.478  81.01 1 813.441
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
51990 N.91 ANTTLANTTVIUMINAA TsReumnen lad (T =75°C , RD = 22 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.6
RD-DIST 0.927 0 0 0.073  74.63 1 5320.1
NAOCH3 0.348 0 0.435 0.216  86.16 1 1550
WASTE 0.522 0 0 0.478  81.03 1 813.441
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.65
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.6

H 1 a J
5199 192 ANTTLANTTUIUMSHAA TsReumnen lad (T = 75°C , RD = 23 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.6
RD-DIST 0.927 0 0 0.073  74.63 1 5320.1
NAOCH3 0.348 0 0.435 0.216  86.15 1 1550
WASTE 0.520 0 0 0.479  81.04 1 813.441

121



H 1 a J
5199 192 AINTTLANTTVIUMINAA TsReumnen lad (T =75°C , RD = 23 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0
(°cO) (atm) (KG/HR)
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.6

H 1 a 4
5199 1.93 AINTTLANTTVIUMINAA TsAeumnen lad (T =75°C , RD = 24 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.6
RD-DIST 0.927 0 0 0.073  74.63 1 5320.1
NAOCH3 0.348 0 0.435 0.216  86.16 1 1550
WASTE 0.522 0 0 0478  81.03 1 813.441
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.6

122



H 1 a J
A5199 N.94 AINTTLANTTVIUMINAA TsReNmnen lad (T =75°C , RD = 25 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.927 0 0 0.073  74.65 1 5320.11
NAOCH3 0.348 0 0.435 0.216  86.13 1 1550
WASTE 0.520 0 0 0479  81.04 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.67
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.6

H 1 a J
5199 1.95 AINTTLANTTUIUMSHAA TsReumnen lad (T = 75°C , RD = 26 stage

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)

NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5

RD-FEED2 1 0 0 0 64.65 1 5870.61

RD-DIST 0.927 0 0 0.073  74.65 1 5320.11
NAOCH3 0.348 0 0.435 0.216  86.12 1 1550




H 1 a J
A5199 195 AINTTLANTTVIUMINAA TsReumnen lad (T =75°C , RD = 26 stage

RAD = 30 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0
(°cO) (atm) (KG/HR)
WASTE 0.520 0 0 0.479 81.08 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.61

319N 1.96 ANTTUANTZVINMIHAN TaReummen lad (T = 75°C , RD = 27 stage ,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.927 0 0 0.073  74.65 1 5320.11
NAOCH3 0.348 0 0.435 0.216  86.11 1 1550
WASTE 0.520 0 0 0.479  81.08 1 813.446
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
A5190 1.97 ANTTLANTTVIUMINAA TsRenunen lud (T =75°C , RD = 28 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.927 0 0 0.073  74.66 1 5320.11
NAOCH3 0.349 0 0.435 0.215 86.10 1 1550
WASTE 0.520 0 0 0.479  81.09 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.61

H 1 a J
A5199 N.98 AINTTLANTTUIUMINAA TsRenunen lud (T =75°C , RD =29 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)

NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5

RD-FEED2 1 0 0 0 64.65 1 5870.61

RD-DIST 0.927 0 0 0.073 74.66 1 5320.11
NAOCH3 0.349 0 0.435 0.215 86.10 1 1550




H 1 a J
A15199 N.98 AINTTLANTTVIUMINAA TsRenunen lud (T =75°C , RD =29 stage,

RAD = 30 stage) (710)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0
(°O) (atm) (KG/HR)
WASTE 0.520 0 0 0.479 81.09 813.445
RAD-DIST 0.99 0 0 0.01 64.65 4506.66
SP 0.99 0 0 0.01 64.65 36.05
CH30H-RE 0.99 0 0 0.01 64.65 4470.61

319N 1.99 ANITUENIZVINMIHAA TaReummen lad (T = 75°C ,RD =30 stage,

RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.926 0 0 0.074  74.67 1 5320.11
NAOCH3 0.349 0 0.435 0.215 86.09 1 1550
WASTE 0.519 0 0 0.481 81.11 1 813.446
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.62
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H 1 a J
A15199 N.100 ANTELANTETVIUMSHAA TsAeNmnen lad (T =75°C , RD =25 stage,

RAD = 31 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.927 0 0 0.073  74.66 1 5320.11
NAOCH3 0.349 0 0.435 0.215 86.10 1 1550
WASTE 0.520 0 0 0.479  81.06 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.61

3190 1101 ANTTUENIZUIUMIHA TaReumnen lud (T = 75°C , RD =25 stage,

RAD = 32 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)

NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5

RD-FEED2 1 0 0 0 64.65 1 5870.61

RD-DIST 0.927 0 0 0.073  74.65 1 5320.11
NAOCH3 0.349 0 0.435 0.215 86.13 1 1550




H 1 a J
5199 N.101 ANTELANTTUIUMSHAA TsReumnen lad (T =75°C , RD =25 stage,

RAD = 32 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0
(°cO) (atm) (KG/HR)
WASTE 0.520 0 0 0.479 81.06 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.61

3190 1102 ANTTUANTZVINMIHAA TaReummen lad (T = 75°C , RD =25 stage,

RAD = 33 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,O
(°O) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.927 0 0 0.073  74.65 1 5320.11
NAOCH3 0.349 0 0.435 0.215 86.13 1 1550
WASTE 0.520 0 0 0.479 81.06 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.61
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H 1 a J
A5199 N.103 ANTELANTETUIUMSHAA TsReumnen lad (T =75°C , RD =25 stage,

RAD = 34 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.927 0 0 0.073  74.65 1 5320.11
NAOCH3 0.349 0 0.435 0.215 86.13 1 1550
WASTE 0.520 0 0 0.479  81.06 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.61

3190 1104 ANTTUANTZVIUMIHAA TaRenmnen lad (T = 75°C , RD =25 stage,

RAD = 35 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C) (atm) (KG/HR)

NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5

RD-FEED2 1 0 0 0 64.65 1 5870.61

RD-DIST 0.927 0 0 0.073  74.65 1 5320.11
NAOCH3 0.349 0 0.435 0.215 86.13 1 1550




H 1 a J
A1 N.104 ANTELANTZVIUMSHAA TsReumnen lad (T =75°C , RD =25 stage,

RAD = 35 stage) (79)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH  NaOCH, H,0
(°cO) (atm) (KG/HR)
WASTE 0.520 0 0 0.479 81.06 1 813.445
RAD-DIST 0.99 0 0 0.01 64.65 1 4506.66
SP 0.99 0 0 0.01 64.65 1 36.05
CH30H-RE 0.99 0 0 0.01 64.65 1 4470.61

H 1 a s A o 4
ﬂ]iNﬁ N.105 ﬂ1ﬂ‘i$Llﬁﬂi$‘1J’Juﬂﬁﬂﬁﬂi%@]ﬂum‘ﬂ@ﬂq“ﬁﬂ Lﬁﬂ@]ﬂlﬂ%ﬂﬂl!ﬁlﬂ@ﬂﬂ (T=75°C ,

RD =25 stage , RAD = 30 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0O
(°C) (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.927 0 0 0.073  74.65 1 5320.11
NAOCH3 0.349 0 0.435 0.215 86.13 1 1550
WASTE 0.00016 0 0 0.9998 81.06 1 448.846
CH30OH-RE  0.9796 0 0 0.02 64.65 1 10013.6
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H 1 a s A J 4
ﬂ]i]\?ﬁ N.106 f’ﬂﬂ'iguﬁﬂig‘ﬂ'JUﬂWiNﬁ@IC]f!aEJiJLNVl@ﬂUl“ﬁﬂ Lﬁﬂ@]ﬂlﬂ%ﬂﬂl!ﬂﬂ@ﬂﬂ (T=75°C ,

RD =25 stage , RAD = 31 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C)  (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.927 0 0 0.073  74.65 1 5320.11
NAOCH3 0.349 0 0.435  0.215 86.13 1 1550
WASTE 6.01591x 10° 0 0 0.99 81.06 1 448.853
CH30H-RE 0.9796 0 0 0.02 64.65 1 10013.8

4 1 a s A (Z 4
3199 1.107 ﬂWﬂi%LLﬁﬂSgU’J‘Llﬂ'liﬂﬂﬁi“]ﬂaﬂilmﬂﬂﬂllcﬁﬂ Lﬁﬂ@ﬂlﬂ%ﬂﬂllﬂﬂ@ﬂﬂ (T=175°C ,

RD =25 stage , RAD = 32 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C)  (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.927 0 0 0.073 74.65 1 5320.11
NAOCH3 0.349 0 0.435  0.215 86.13 1 1550
WASTE 2.2003x 10° 0 0 0.99 81.06 1 448.859
CH30H-RE 0.9796 0 0 0.02 64.65 1 10013.9
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H 1 a s A J 4
ﬂ]i]\?ﬁ N.108 ﬂ1ﬂ5$££ﬁﬂi$‘ﬂ')uﬂ'l'iﬂﬁ@ﬂ“]f!aﬂumﬂ@ﬂul“ﬁﬂ Lﬁﬂ@]ﬂlﬂ%ﬂ\‘ll!ﬂﬂ@ﬂﬂ (T=75°C ,

RD =25 stage , RAD = 33 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C)  (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.927 0 0 0.073  74.65 1 5320.11
NAOCH3 0.349 0 0.435  0.215 86.13 1 1550
WASTE 8.04578 x 10° 0 0 0.99 81.06 1 448.859
CH30H-RE 0.9796 0 0 0.02 64.65 1 10014.2

H 1 a S A o 4
ﬂ]i]ﬂﬁ N.109 ﬂ1ﬂ5$Llﬁﬂig'ﬂﬂuﬂ'l'iwaﬂjclﬂaﬁmmﬂ@ﬂqc]fﬂ Lﬁ@@]ﬂlﬂ%@\utﬂﬂﬂ@ﬂ (T=75°C ,

RD =25 stage , RAD = 34 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C)  (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.927 0 0 0.073  74.65 1 5320.11
NAOCH3 0.349 0 0.435  0.215 86.13 1 1550
WASTE 2.94182x 10° 0 0 0.99 81.06 1 448.859
CH30H-RE 0.9796 0 0 0.02  64.65 1 10014.2
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H 1 a s A J 4
ﬂ]i]\?ﬁ N.110 ﬂ1ﬂ5$££ﬁﬂi$‘ﬂ')uﬂ'l'iﬂﬁ@ﬂ“]f!aﬂumﬂ@ﬂul“ﬁﬂ Lﬁﬂ@]ﬂlﬂ%ﬂ\‘ll!ﬂﬂ@ﬂﬂ (T=75°C ,

RD =25 stage , RAD = 35 stage)

Composition Condition
Steam T P Total mass flow
CH,OH NaOH NaOCH, H,0
(°C)  (atm) (KG/HR)
NAOH 0 0.5 0 0.5 30 1 999.5
CH30H 1 0 0 0 30 1 1400
RD-FEEDI1 0 0.5 0 0.5 75 1 999.5
RD-FEED2 1 0 0 0 64.65 1 5870.61
RD-DIST 0.927 0 0 0.073  74.65 1 5320.11
NAOCH3 0.349 0 0.435  0.215 86.13 1 1550
WASTE 1.07536 x 10" 0 0 0.99 81.06 1 448.859
CH30H-RE 0.9796 0 0 0.02 64.65 1 10013.3
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Abstract— Nowadays, biodiesel is one of the most usage
for an alternative energy. For an ordinary biodiesel
production plants, sodium hydroxide is normally used in a
reaction due to fast and cheap reaction. Recently, sodium
methoxide has been studied as a catalyst for the biodiesel
production and found that the sodium methoxide gives a
better reaction yield. In this research article, development
of the reactive distillation based sodium methoxide
production plant is investigated. The reactive distillation
(RD) is a combination of reactor and distillation column.
The RD is able to do reaction and separation in the same
time. The conventional reactive distillation based sodium
methoxide production plant in the previous work was
chosen to the based case. The based case process consists of
one reactive distillation column and one conventional
distillation column. Sodium hydroxide and Methanol is fed
to the reactive distillation column to produce sodium
methoxide and mixture of products and reactants is
separated in the conventional distillation column to recycle
methanol back to the process and sodium methoxide is
separated as the final product. The objective of this
research is to develop the based case process to obtain less
energy consumption while the product quality is not
violated. The commercial process simulation software,
ASPEN PLUS, is used in the work for simulating the
sodium methoxide production plant either based case and
developed case. The results show that the developed case
gives less energy consumption than the based case about
20% while the sodium methoxide quality is still fixed at the
desired value. This research could be one of the
appropriate way to reduce biodiesel production cost for the
sustained energy.

Keywords- Sodium methoxide, Reactive distillation, Process
simulation , Biodiesel production

l. INTRODUCTION

Nowadays, biodiesel is one of the most usage for an
alternative energy. The biodiesel production usually
based on trans-esterification reaction with variety of
catalysts such as acid, base, enzyme or supercritical
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operation. However, biodiesel production via base
catalyst is seem to be an attractive process due to low cost
and easy to operate. Sodium hydroxide is normally used
as the catalyst for such production process. Recently,
sodium methoxide has been studied as a base catalyst for
the biodiesel production and found that it gives a better
reaction vyield [1],[2],[3].[4]. The sodium methoxide
production plant is further studied by simulation with
commercial software such as ASPEN PLUS [5]. In this
research article, development of the reactive distillation
based sodium methoxide production plant is investigated.
The reactive distillation (RD) is a combination of reactor
and distillation column. The RD is able to do reaction and
separation in the same time. The conventional reactive
distillation based sodium methoxide production plant in
the previous work [5] was chosen to the based case.
The objective of this research is to develop the based case
process to obtain less energy consumption while the
product quality is not violated.

Il. METHODOLOGY

A. Sodium Methoxide Production Plant

For the previous work [5], the sodium methoxide
production plant was proposed (Fig. 1). This process was
simulated by commercial software, ASPEN PLUS. The
process consists of one reactive distillation (RD) and one
conventional  distillation.  Sodium  hydroxide and
Methanol is fed to the reactive distillation column to
produce sodium methoxide and mixture of products and
reactants is separated in the conventional distillation
column to recycle methanol back to the process and
sodium methoxide is separated as the final product.

Fig. 1. Sodium Methoxide Production Plant
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Table 1. Sodium Methoxide Production Data

Condition
Line Flow rate l’emperatur Pressure

(kg/hr) oc (atm)
NaOH 999.5 30 1
RD-FEED 1 999.5 75 1
CH5OH 1400 30 1
RD-FEED 2 5870.61 64.65 1
RD-Dist 5320.11 74.65 1
NaOCH, 1550 86.13 1
RAD-Dist 4506.67 | 64.65 1
Waste 813.45 81.64 1
CH5;OH-RE 4470.61 64.65 1

B. Development of Sodium Methoxide Production Plant

To develop the such process, firstly the original
process (Fig. 1) was re-simulated by ASPEN PLUS
software. The simulation results were evaluated by
economic tools to obtain the base case values. Secondly,
the base case process was re-designed for unit operation
specifications and operating conditions to achieve low
energy while maintain the product quality.

I11. RESULTS AND DISCUSSIONS

For base case process, the reactive distillation was
designed as 30 stages, operating temperature is 75°C and
production rate of sodium methoxide is 1550 kg/hr.
Development of the base case process to achieve low
energy is considered into two factors, operating
temperature and reactive distillation stage number. The
operating temperature is the directly affected on the
energy usage of the sodium methoxide production plant
The reactive distillation stage number is the indirectly
affected on the energy usage. In fact, while the less stage
numbers usually consume energy less than more stage
numbers. In the same way with capital cost, the less stage
numbers are also cheaper than more stage numbers.
However, the less stage numbers also give the low
product quality than more stage numbers.

In this article, the operating temperature was studied
from 75°C to 30°C by 5°C decreasing step and the stage
numbers was studied from 30 stages to 20 stages by 1
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stages decreasing step. The production rate for all
condition was maintained at 1550 kg/hr. and production
quality was also maintained at the original value of the
base case.

A. Operating Temperature Effects

Fig. 2. shows effects of operating temperature on the
overall cost while the stage number is fixed at 30. It can
be seen that at 45, 50 and 60°C the overall cost is
significantly much more than other temperatures. This
may be due to the error of economic tools software.
Neglecting these three temperatures, It can be noticed that
the original operating temperature (75°C) gives slightly
overall cost more than other temperatures. It can be
concluded that operating temperature have the little
effects on the overall cost. However, if the operating
temperature was chosen at 30°C, the heater could be
removed from the plant to decrease some capital cost.

Fig. 2. Operating Temperature Effects on Overall Cost
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B. Reactive Distillation Stage Number Effects

Fig. 3. shows effects of reactive distillation
stage number on the overall cost while the
operating temperature is 75°C. It can be clearly
seen that the less stage number give overall cost
less than more stage. In this work, the stage
number can be decrease to 20 stages while the
rate and product quality

production are

maintained at original base case value.
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Fig. 3. Reactive Distillation Stage Number Effects on overall cost
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C. Effects of Temperature and Stage Number

Fig. 4. shows effects of temperature and stage number
on the overall cost. The temperatures at 45, 50 and 60°C
were neglected due to simulation error. It can be seen that
the overall cost of operating temperature at 75°C is higher
than other temperatures at all stage number. This can
conclude that the original base case conditions are not at
optimal value. Simulation results show that the other
temperatures give nearly the same overall cost at all stage
numbers. For the advantage of economic cost, the optimal
reactive distillation stage number is 20 stages while the
optimal operating temperature is 30°C as discussed
previously.

Fig. 4. Effects of Temperature and Stage Number of overall cost
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IV. CONCLUSIONS

In this article, the development of reactive distillation
based sodium methoxide production plant was
investigated. The original base case process was re-
simulated and re-designed for both operating temperature
and reactive distillation stage number while the
production rate and product quality were fixed at the
original value. The operating temperature can be
decreased from 75°C to 30°C. At new operating

emiiems temp 35

temperature (30°C), the heater can be removed from the
production plant, it could decrease either energy
consumption and capital investment cost. The reactive
distillation stage number can be decrease from 30 to 20
stages, it could also decrease either capital investment
cost and energy consumption. The new design gives the
overall cost about 7.4M$/years while the original design
give overall cost about 7.75M$/years. This research could
be one of the appropriate way to reduce biodiesel
production cost for the sustained energy.
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