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APPENDICES
Appendix A PROII Results File of Column T-103 and T-101

SIMULATION SCIENCES NC. R PAGE H-1

PROJECT Biodiesel PRO/II VERSION 561 386/EM

PROBLEM Column CALCULATION Tran
HISTORY 01/26/08

UNIT 17,'COLUMN-TI03', ‘Purify B100 Column’
TOTAL NUMBER OF ITERATIONS
CHEM METHOD !1

COLUMN SUMMARY
---------- net flow rates......... HEATER

TRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT  DUTIES

DEGC ATM KG-MOL/HR MM BTU/HR

1IC 678 011 123 20L . -2.3827

2 2349 011 43 142

3 2399 012 %0 363

4 2827 012 333 370

5 2485 012 18 3h3 19.0L

6 281 013 103 327

7 2644 013 115 313 245M

8 27111 013 1L7 719

9 2173 0. 127 81

1R 2750 0.4 9.1 35L 05583

FEED AND PRODUCT STREAMS

TYPE STREAM PHASE FROM TO LIQUID ~ FLOWRATES HEAT RATES
TRAY TRAY FRAC ~ KG-MOLHR MMBTUHR

FEED S31  MIXED 7 0.0634 2452 6314/
199 0.0702

PROD 29  LIQUID 1

PROD 332 LIQUID 5 1900 34692

PROD 830 LIQUID 10 352 0.9509

QVERALL MOLE BALANCE, (FEEDS - PRODUCTY) 3.9031E-15
OVERALL HEAT BALANCE, (H(IN) - H(OUT) ) -8.9025E-08

REFLUX RATIOS



........ REFLUX RATICS ..........
MOLAR  WEIGHT STD LVOL

REFLUX/FEED STREAM S31 04998 04259 04273
REFLUX / LIQUID DISTILLATE 6.1429 61429 6.1429

TRAY SIZING MECHANICAL DATA

SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MIN DIAMETER
NUMBERS PASSES CM FACTOR TYPE CM

1 2- 9 NA 609% 100 VALVE 3810

TRAY SIZING RESULTS

TRAY VAPOR LIQUID VLOAD -DESIGN- NEXT SMALLER NEXT LARGER NP
LS L/MIN DIA,CM F+ DIA CM F- DIA CM FF

3674, 1983 1131 1309 780 12.. 905 137 708

3063 2038 1145 1314 780 1. 912 137 714

332, 1934 1080 127.3 7180 122. 854 137, 66.9

357, T4 994 1242 150 120 780 137, 611

2071 587 929 1232 659 67.3 131. 532
MECHANICAL RESTRICTION ON TRAY 6, FOR FF=75.0, CALCD. DIA = 1156
* WARNIN%s # MIXED PHASE FEED to tray 7. Carefully check the tray sizing

resu

MECHANICAL RESTRICTION @Nraly T £O?FFi™ »ICALCD. DIA- 1109
MECHANICALi s ™ ONiii'i § * ¢ CALCIXDA. .1

MEeI.CAL ISTWCTIONONr | 1t fHr FF- 750.CALCD. DIA- «20
** WARNING ** Design diameter includes mechanical restriction allowances.

UNIT 23, "COLUMN-T101', "Methanol Recovery'
TOTAL NUMBER OF ITERATIONS
CHEM METHOD 26

COLUMN SUMMARY
---------- ne I w rates-—-——---- HEATE
TRAY TEMP PRESS IQUID VAPOR FEED PRODUCT DUTIES
DEGC ATM G-MOL/HR MM BTU/HR
1C 646 100 00 134L  -0.4632
2 1073 020 00 134
3 117 020 00 134
4 1120 02 259 134 379M
5 1126 022 261 14
6R 1800 023 15 2450 14127



FEED AND PRODUCT STREAMS

TYPE STREAM PHASE FROM TO LIQUID ~ FLOWRATES HEAT RATES
TRAY TRAY FRAC ~ KG-MOUHR MM BTUHR

FEED 41 MIXED 406712 3191 23747

PROD S99 LIQUD 1 1340 (00684
PROD 510 LIQUID 6 A5 32558
QVERALL MOLE BALANCE, (FEEDS - PRODUCTS) 645045
OVERALL HEAT BALANCE, (H(IN) - HOUT) ) 3 2009E-12
REFLUX RATIOS

------ REFLUX RAT|OS:-vr-

MOLAR ~ WEIGHT STD L VOL
REFLUX/FEED STREAM 41 0.0010  0.0002 0.0002
REFLUX/ LIQUID DISTILLATE ~ 0.0028 0.0028 0.0028
TRAY SIZING MECHANICAL DATA

SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MIN DIAMETER
NUMBERS PASSES CM FACTOR TYPE  CM

1 2- 5NA 609 L00 VALVE 3810

TRAY SIZING RESULTS

TRAY VAPOR LIQUID VLOAD ~ DESIGN ~ NEXT SMALLER NEXT LARGER NP
LS LM DIA,CM FF DIA,CM F+ DIA, CM H

2 5468 00 8497 549 468 _46.676 61 380 1
MECHANICAL RESTRICTION ONTRAY 2 FORFF=70.0, CALCD. DIA= 39.7
3 537 008304 544 465 46,658 61 370 1
MECHANICAL RESTRICTION ON TRAY 3, FOR FF = 70.0, CALCD. DIA= 39.2
* WARNING * MIXED PHASE FEED to tray 4. Carefully check the tray sizing

esults.
5412 1196 8290 619 37061382 76 242 1
MECHANICAL RESTRICTION ONTRAY 4 FOEQGFF 10.0, CALCD. DIA= 46.6

5 692 1202 1198 426 179 38,229 156 1
MECHANICAL RESTRICTION ON TRAY 5, FOR FF = 70,0, CALCD. DIA= 273
+ WARNING ** Design diameter includes mechanical restriction allowances.

84



85

Appendix B Specific Heat Analysis for T-103 and T-101

. Distillation column T103

By analyzing the condenser and reboiler heat duty in the distillation column
the various sources of heat necessary for the column can be understood.

Vapor (V1) To vacuum pump (Vt)
140cn | T

al /4 =
Packing __1 d;_ __»_T__WiH.: Cooling water
Pall_Ring X L Liquid (Lt9)

B Reflux (Lto) N ~ Top product (Lt)

1 Methyl Esters 90% purity
Feed - ‘Draw Stream (Ld) Recovery 10%
= Methyl Esters 99.5%
“t \ > ; Recovery 75%
v . Vapor (Vb)
l
= — Hot il

——

Liquid (Lbo*)

Bottom product (Lb)
15% volume

Figure B Material-balance diagram for continuous vacuum column T-103

. For Condenser (Partial Condenser)
Reflux ratio: Lto/Lt
Mass balance:
Vv, = vt T Lt0+ Lt
Heat condensation of condenser:
Qc = (Lto + Lty*AHvap
where: AHvap = SAHI vap*i
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AHva: Heat of vaporization of component (i) in stream VA at condenser
conditions, collected from the ICAS report. (In this case, AHvap =
0.19MMBTU/kmol.hr.)

xi: fraction mol of component (i) in stream Vi, collected from the PROJII
report.

iIl. For Reboiler
Mass balance:

Lbo* = Lb + Vb

Heat supply of reboiler;
Qb=Q+Q
where: Qc: Heat duty of Condenser.
o;i heat duty for T-101 (from Table 4.1s We have o; = 1.383 M*KJ/hr.)
Reflux ratio;
Vb = Qb/AHvap
anvap = XAHIVGFXI
AHivep: Heat pf vaporization of component (i) in stream Vti at Reboiler
conditions, collected from the ICAS report. (In this case, AH\v&p -
0.50MMBTU/Kmol.hr.)
Xi: fraction mol of component (i) in stream oo+
L product flow, collected from the PRO/II report.
Then, the heat duty for each section as a function of reflux ratio of the column can be
calculated (Table BI).

Table Bl Relationship between reflux ratios, heat added or removed of condenser,
reboiler-T103

Relationship between reflux ratios-T103

Reflux Ratio (L/D)
Condenser 4 6 8 10

Heat condensation
MMBTU/hr 169 237 3.04 3.72
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Heat vaporization
MMBTU/hr 000 054 121  1.89

Reflux Ratio Reboiler 0.00 2.28 5.16 8.03

IL Distillation column T101

By analyzing condenser and reboiler heat duty in distillation column T-101,
the value of the required heats for the column can be derived.

Vapor (Vi) To vacuum pump (Vt)
Fﬁkﬂ J— -
Packing (1 LSS H ~ Cooling water
I_Ri \
i _R{g\\ Liquid (Lt*)
\ [T Reflux (Lto) Top product (Lt)
Methanol 99% purity
Feed Recovery 99%

Vapor (Vb)

\T <w[j Hot il

Liquid (Lbo*)

Bottom product (Lb)
Raw Methyl Esters 98.5%
mole

Figure 4.14 Material-balance diagram for continuous vacuum column T-101.

I. For Condenser (Partial Condenser)
Reflux ratio: Lt/Lt
Mass balance:

Vu :Vt+ Lto + Lt

Heat condensation of condenser;
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Qc —{Lto + L]*AHvap
where: AHvap = EAHIVAT*XI
AHivgp: Heat of vaporization of component (i) in stream VAi at condenser
conditions, collected from the ICAS report. (In this case, AHvap =
0.035MMBTU/Kmol.hr.)
xi: mole fraction of component (i) in stream Vi, collected from the PRO/II
report.

ii. For Reboiler
Mass balance:
*=Lh+W
Heat duty of reboiler:
Qb=CQc+ Q)
where: Qc: Heat duty of Condenser.
oi- eat duty for T-101 (From Table 4.16 we have o; = 3.351 M*kJ/hr).
Reflux ratio:
vo = Qu/AHvap
AHyap  XAHI vap*xi
AHivap: Heat of vaporization of component (i) in stream v,[ at Reboiler
conditions, collected from the ICAS report. (In this case, AHvap -
101 MMBTU/kmol.hr).
Xi: fraction mol of component (1) in stream oo
R=VWhlLh
L: product flow, collected from the PRO/I report.
Then, the heat duty for each section as a function of reflux ratio of column can be
calculated (Table B2).
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Table B2 Relationship between reflux ratios, heat added or removed of condenser,

reboiler-1101

Relationship between reflux ratios-T101

Reflux Ratio (L/D)

Condenser 0
Heat condensation
MMBTU/hr 0.46
Heat vaporization
MMBTU/hr 1.41

Reflux Ratio Reboiler 0.06

2

1.39

2.34

0.10

4

2.32

3.27

0.13

3.25

4.20

0.17
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Appendix «  Optimization of the Operating Temperature for Distillation
Column T-103

Because the limit of operation temperature is below 285°c, the optimum
operating temperature must be chosen.

An increase of temperature makes the recovery increase but it also increases
the cost of the energy supply for the column (Table c.1).

Table .| Optimization of the operating temperature for distillation column T-103
from alternative design .

imi ' f Disti lat] -
: 0 ptimize Opera Iempggtature %0 | ISti latjon %I}Jmn T 103Olc o
%}’ ) 7 ik

where
Temp, recovery, heat, column diameter: collected from the PRO/II result
Cost for energy = Qh*Ph, Ph=500 baht*hr/MMBTU
Cost of product = F*Recovery*Price
F: flowrate of product - 7700 liters/hr
Price = 34 baht/liter of product
By varying the temperature at the bottom of distillation column T103 (Table c.I), we
can see that the optimum temperature is 280°c. But for safety reasons, a temperature
0f275°c was chosen.
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