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Appendix A Properties of The Chemical Components for Process Simulation
Table A1 The properties o f  components for hydrogenated biodiesel and SM R-hydrogenated biodiesel processes

N a m e M o lecu la
S tru ctu re

C o m p o n en t
N a m e

M W
k g /k m o l

NM Pb
K

N B P
K

cr-d
6 0 F

T C e
K

PC '
kP a

v c s
mVkmol

z c h G F'
M J /k m o l

H E
M J /k m o l

H C k
M J /k m o l

T r im y r is t in C 45H 86O 6 M - M - M 7 2 3 .1 6 4 0 3 .3 7 1 5 .2 0 .9 2 9 9 3 .6 7 9 0 .9 2 .6 2 0 .2 5 - 5 9 2 . 0 4 - 1 9 4 2 .3 6 - 2 6 1 6 3 .5 9
T r ip a lm it in C siH gg O ô p -p -p 8 0 7 .3 2 3 3 9 .0 7 2 2 .8 0 .9 1 1 0 1 7 .4 7 5 3 .9 2 .9 6 0 .2 6 - 5 3 7 . 0 8 - 2 0 6 7 .1 6 - 2 9 8 5 0 .7 4
T r ite a r in C 57H 1 10O 6 ร -ร -ร 8 9 1 .4 8 3 2 8 .0 7 2 7 .8 0 .9 0 1 0 3 9 .1 7 2 6 .5 3 .3 0 0 .2 7 - 4 8 2 . 1 2 - 2 1 9 1 .9 6 - 3 3 5 3 7 .8 8
T r io le in C 57H 104O 6 0 - 0 - 0 8 8 5 .4 3 4 2 5 .5 7 0 5 .4 0 .9 1 1 0 4 2 .6 7 2 8 .7 3 .2 7 0 .2 7 - 2 5 0 . 7 6 - 1 8 4 3 .9 6 - 3 3 1 6 0 .4 4
T r i l in o le in C 57H 98O 6 L I -L I -L I 8 7 9 .3 8 4 3 1 .0 6 8 7 .2 0 .9 2 1 0 4 6 .1 7 3 0 .9 3 .2 3 0 .2 7 - 1 9 . 4 0 - 1 4 9 5 .9 6 - 3 2 7 8 3 .0 0
T r i l in o le n in C 57H 92O 6 L N - L N - L N 8 7 3 .3 3 4 5 0 .0 6 7 2 .1 0 .9 4 1 0 4 9 .6 7 3 3 .2 3 .2 0 0 .2 6 - 2 1 1 . 9 6 - 1 1 4 7 .9 6 - 3 2 4 0 5 .5 5
H y d r o g e n h 2 H 2 2 . 0 2 1 3 .8 2 0 .3 0 .0 7 3 3 .0 1 2 9 3 .3 0 .0 6 0 .3 0 I E - 0 7 I E - 0 7 - 2 4 1 . 8 4
T r id e c a n e c 13h 28 T R I D E C A N 1 8 4 .3 7 2 6 7 .7 5 0 8 .5 0 .7 6 6 7 5 .8 1 7 2 2 .5 0 .7 7 0 .2 3 5 7 .9 3 - 3 1 1 . 4 0 - 8 1 8 9 .6 3
T e t r a d e c a n e C 14H 30 T E T D E C A N 1 9 8 .4 0 2 7 9 .0 5 2 6 .6 0 .7 6 6 9 1 .9 1 6 2 1 .2 0 .8 2 0 .2 3 6 6 .2 3 - 3 3 2 .1 1 - 8 8 0 4 .2 5
P e n t a d e c a n e c , 5h 32 P E N D E C A N 2 1 2 .4 2 2 8 3 .0 5 4 3 .7 0 .7 7 7 0 6 .8 1 5 1 9 .8 0 . 8 8 0 . 2 2 7 4 .6 3 - 3 5 2 . 6 2 - 9 4 1 9 .0 6
H e x a d e c a n e c ,6H 34 H X D E C A N E 2 2 6 .4 5 2 9 1 .3 5 5 9 .9 0 .7 7 7 2 0 .6 1 4 1 8 .5 0 .9 3 0 . 2 2 8 2 .4 6 - 3 7 3 . 6 4 - 1 0 0 3 3 .3 6
H e p ta d e c a n e C , 7H 36 H D E C C A N E 2 4 0 .4 8 2 9 5 .1 2 9 5 .1 0 .7 8 7 3 3 .4 1 3 1 7 .2 0 .9 8 0 . 2 1 9 1 . 1 6 - 3 9 3 . 8 9 - 1 0 6 4 8 .4 3
O c t a d e c a n e C 18H 38 O C T D E C A N 2 5 4 .5 0 3 0 1 .3 5 8 9 .8 0 .7 8 7 4 5 .3 1 2 1 5 .9 1 .0 5 0 . 2 0 9 8 .9 0 - 4 1 5 . 0 9 - 1 1 2 6 2 .5 6
W a te r h 20 H 2 0 1 8 .0 2 2 7 3 .1 3 7 3 .1 0 .9 9 6 4 7 .4 2 2 1 1 9 . 0 .0 5 0 . 2 2 - 2 2 8 . 7 9 - 2 4 2 . 0 0 0 . 0 0
P r o p a n e c 3h 8 P R O P A N E 4 4 .1 0 8 5 .5 2 3 1 .0 0 .5 0 3 6 9 .8 4 2 4 9 .5 0 . 2 0 0 .2 8 - 2 3 .5 8 - 1 0 3 . 8 6 - 2 0 4 4 .2 1
M e t h a n e C H 4 M E T H A N E 1 6 .0 4 9 0 .6 1 1 1 . 6 0 .3 0 1 9 0 .6 4 6 0 0 .1 0 .0 9 0 .2 8 - 5 0 .5 4 - 7 4 . 5 9 - 8 0 2 . 4 5
C a r b o n m o n o x id e C O C O 2 8 .0 1 6 8 . 1 8 1 .7 0 .8 0 1 3 3 .0 3 4 9 5 .7 0 .0 9 0 .2 9 - 1 3 7 . 2 7 - 1 1 0 .5 3 - 2 8 2 . 2 7

a) M W  denotes molecular weight e) TC denotes critical temperature
b) NM P denotes normal m elting point f) PC denotes critical pressure
c) NBP denotes normal boiling point g) VC denotes critical volum e
d) SG denotes specific gravity

h) zc denotes critical com pressibility factor
i) GF denotes Gibbs free energy o f  formation
j) HF denotes heat o f  formation
k) HC denotes heat o f  com bustion
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T able A 2  The properties o f com ponents for conventional biodiesel process
N a m e M o le c u la r

S tr u c tu r e
C o m p o n e n t

N a m e
M W a

k g /k m o l

N M P b
K

N B P
K

S G d
K

T C e
k P a

P C '
m3/kmol

V C 8 z c h
M I/ k m o l

G F '
M J/ k m o l

Il F
M J/ k m o l

D ite tra d e c a n o y l-g ly c e ro l C 3 1H 60O 5 M -M -O H 5 1 2 .8 0 3 7 3 .1 4 6 6 1 .8 8 4 4 .2 4 9 6 3 .2 1 .8 4 7 4 0 .1 6 9 - 4 8 2 . 6 2 - 1 4 2 0 .8 8 - 1 8 0 3 2 .3 5
D ih e x a d e c a n o y l-g ly c e r o l C35H68O5 P -P -O H 5 6 8 .9 1 3 8 4 .5 0 6 6 8 .7 8 6 6 .7 1 8 9 7 .9 2 . 0 7 4 2 0 .1 6 1 - 4 4 5 . 9 8 - 1 5 0 4 .0 8 - 2 0 4 9 0 .4 5
D io c ta d e c a n o y l-g ly c e ro l C39H76O5 S-S-OH 6 2 5 .0 1 3 9 5 .0 4 6 7 4 .0 8 8 6 .7 0 8 4 8 .8 2 . 3 0 1 0 0 . 1 5 4 - 4 0 9 . 3 4 - 1 5 8 7 .2 8 - 2 2 9 4 8 . 5 4
D io c ta d e c e n o y l-g ly c e ro l C39H72O5 O -O -O H 6 2 0 .9 8 3 9 9 .5 8 6 6 0 .5 8 8 4 .9 0 8 5 2 .7 2 . 2 7 7 8 0 . 1 4 9 - 2 5 5 . 1 0 - 1 3 5 5 .2 8 - 2 2 6 9 6 .9 1
D io c ta d e c a d ie n o y lg ly c e r o l C 39H 68(ว5 L I - L I - O H 6 1 6 .9 5 4 0 2 .0 0 6 4 8 .3 8 8 3 .0 0 4 6 3 .7 2 .2 0 4 5 0 . 0 6 6 - 1 6 1 . 6 2 - 1 1 7 1 .4 8 - 2 2 3 9 7 .0 9
D io c ta d e c a tr ie n o y l-g ly c e ro l C 39H 64 0 5 L N - L N - O H 6 1 2 .9 2 4 0 8 .2 5 6 3 8 .5 8 8 1 .2 4 8 6 0 .9 2 . 2 3 1 4 0 .1 4 1 - 5 3 .3 8 - 8 9 .1 3 - 2 2 1 9 3 . 6 6
T  e tra d e c a n o y  1-g ly c e r o l C 17H 34 04 M -O H -O H 3 0 2 .4 5 3 4 7 .5 9 6 3 1 .9 7 9 3 .4 1 1 5 8 4 .2 1 .0 6 3 0 0 .2 0 2 - 4 2 6 . 4 9 - 9 6 2 . 1 2 - 9 8 3 8 .3 8
H e x a d e c a n o y l- g ly c e ro l C 19H 3404 P -O H -O H 3 3 0 .5 0 3 5 4 .4 5 6 3 5 .6 8 0 8 .5 9 1 4 3 5 .7 1 .1 7 6 4 0 .1 9 4 - 4 0 8 . 1 7 - 1 0 0 3 .7 2 - 1 1 0 6 7 . 4 4
O c ta d e c a n o y l-g ly c e r o l C 21H 4204 S -O H -O H 3 5 8 .5 5 3 6 1 .0 0 6 3 8 .8 8 2 2 .6 0 1 3 1 8 .3 1 .2 8 9 8 0 .1 8 7 - 3 8 9 . 8 5 - 1 0 4 5 .3 2 - 1 2 2 9 6 . 4 8
O c ta d e c e n o y l-g ly c e r o l C21H40O4 O -O H -O H 3 5 6 .5 4 3 6 3 .8 7 6 3 1 .4 8 2 1 .3 2 1 3 2 7 .9 1 .2 7 8 2 0 .1 8 2 - 3 1 2 .7 3 - 9 2 9 . 3 2 - 1 2 1 7 0 . 6 7
O c ta d e c a d ie n o y l-g ly c e ro l C 21H 38 04 L I-O H -O H 3 5 4 .5 2 3 6 6 .6 9 6 2 4 .6 8 2 0 .0 3 1 3 3 7 .7 1 .2 6 6 6 0 .1 7 8 - 2 3 5 .6 1 - 8 1 3 . 3 2 - 1 2 0 4 4 . 8 6
O c ta d e c a tr ie n o y l-g ly c e ro l C 21H 36 04 L N -O H -O H 3 5 2 .5 1 3 6 9 .4 6 6 1 8 .5 8 1 8 .7 3 1 3 4 7 .7 1 .2 5 5 0 0 .1 7 3 - 1 5 8 . 4 9 - 6 9 7 . 3 2 - 1 1 9 1 9 .0 4
M e th y l te trad ecan o ate c  15h 30o 2 M E C 14H 28 2 4 2 .4 0 2 9 2 .1 5 6 0 8 .7 7 3 6 .0 7 1 5 6 1 .3 0 . 9 0 0 4 0 .2 2 9 - 2 2 7 . 4 7 - 6 7 0 . 9 0 - 8 8 5 8 .9 6
M e th y l h e x a d e c a n o a te C 17H 34 0 2 M E C 16H 32 2 7 0 .4 5 3 0 3 .1 5 6 8 6 .6 7 6 0 .3 0 1 4 1 7 .7 1 .0 1 3 8 0 .2 2 7 - 2 0 9 . 1 5 - 7 1 2 . 5 0 - 1 0 0 8 8 .0 1
M e th y l o c ta d e ca n o a te C 19H 3802 M E C 18H 36 2 9 8 .5 0 3 1 2 .2 5 7 2 0 .0 7 8 2 .2 3 1 3 0 4 .0 1 .1 2 7 2 0 .2 2 6 - 1 9 0 .8 3 - 7 5 4 . 1 0 - 1 1 3 1 7 . 0 6
M e th y l o c ta d e ce n o a te c  19h 36o 2 M O L E A T E 2 9 6 .4 9 2 9 3 .0 5 6 1 7 .0 7 6 4 .0 0 1 2 8 0 .0 1 .0 6 0 0 0 .2 1 4 - 1 1 7 . 0 0 - 6 2 6 . 0 0 - 1 1 2 0 3 .3 4
M e th y l o c ta d e c a d ie n o a te c 19H34O2 M E C 18H 32 2 9 4 .4 7 2 5 3 .2 5 6 3 6 .6 7 8 9 .3 6 1 3 2 2 .8 1 .1 0 4 0 0 .2 2 2 - 3 6 . 5 9 - 5 2 2 . 9 4 - 1 1 0 6 4 . 5 8
M e th y l o c ta d e ca tr ie n o a te c 19H32O2 M E C 18H 30 2 9 2 .4 5 2 9 6 .6 8 6 1 6 .7 7 9 2 .8 5 1 3 3 2 .5 1 .0 9 2 4 0 .2 2 0 4 0 .5 3 - 4 0 8 . 5 4 - 1 0 9 3 7 .1 8
M eth a n o l CH4o METHANOL 3 2 .0 4 1 7 5 .4 7 3 3 7 .9 5 1 2 .6 4 8 0 9 7 .0 0 . 1 1 8 0 0 .2 2 4 - 1 6 2 . 3 2 - 2 0 0 . 9 4 - 6 3 8 . 2 0
G ly c e r in c 3h 8o 3 G L Y C E R I N 9 2 .1 0 2 9 1 .3 3 5 6 1 .0 8 5 0 .0 0 7 5 0 0 .0 0 . 2 6 4 0 0 .2 8 0 - 4 4 7 . 1 0 - 5 7 7 . 9 0 - 1 4 7 7 .0 0
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Appendix B Mass Balance of Hydrogenated Biodiesel, SMR-Hydrogenated Biodiesel and Biodiesel Processes from PRO/II®
T able B1 M ass balance o f  hydrogenated biodiesel process from PRO/II®

S tr e a m 1 0 3 101 1 0 4 2 0 1 2 0 2 ; 2 0 5 2 0 6 1 3 0 2 3 0 1 3 0 3
Description Palm Oil Hydrogen Rn Mix. Vap. Mix. Liq. Product hydrogenated 

biodiesel,C3 Waste H20 Re H2 PSA h 2,c o
Phase Liquid Vapor Mixed Vapor Liquid Mixed Liquid Vapor Mixed Vapor
Temperature (°C) 30.00 30.00 325.00 45.00 45.00 30.00 30.00 45.00 45.00 45.00
Pressure (psia) 14.70 14.70 514.70 175.00 175.00 17.00 17.00 175.00 175.00 14.70
Mass Rate (kg / h)

M-M-M 328.71 0 47.76 0 47.76 0 47.76 0 0 0
p-p-p 14664.14 0 2130.76 0 2130.76 0 2130.76 0 0 0
ร-ร-ร 1785.38 0 259.42 0 259.42 0 259.42 0 0 0
0 -0 -0 16178.60 0 2350.81 0 2350.81 0 2350.81 0 0 0
LI-LI-LI 4780.85 0 694.68 0 694.68 0 694.68 0 0 0
LN-LN-LN 196.52 0 28.56 0 28.56 0 28.56 0 0 0
OLEIC 127.12 0 13.42 0 13.42 0 13.42 0 0 0
h 2 0 1108.8 184.55 176.57 9.22 9.00 0.22 151.85 24.72 24.72
TRJDECAN 0 0 4.70 0 4.70 4.70 0 0 0 0
TETDECAN 0 0 226.17 0 226.17 226.17 0 0 0 0
PENDECAN 0 0 216.41 0 216.41 216.41 0 0 0 0
HXDECANE 0 0 10315.99 0 10315.98 10315.98 0 0 0 0
HDECANE 0 0 351.38 0 351.38 351.38 0 0 0 0
OCTDECAN 0 0 16655.92 0 16655.92 16655.92 0 0 0 0
H20 0 0 4108.05 8.53 4099.53 13.44 4086.08 0 8.53 0
PROPANE 0 0 1679.26 419.44 1259.82 1257.71 2.11 0 419.44 0
METHANE 0 0 20.05 18.23 1.81 1.77 0.05 0 18.23 0
CO 0 0 35.18 33.74 1.44 1.43 0.02 0 33.74 33.74

Total Mass Rate 
(kg/h) 38061.33 1108.8 39323.08 656.52 38667.81 29053.92 9613.89 151.85 504.66 58.46
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Table B 1  M a ss  b a la n c e s  o f  h y d r o g e n a te d  b io d ie s e l  p r o c e s s  fro m  P R O /II®  (c o n t .)
S tr e a m 3 0 4 4 0 2 4 0 3 4 0 2 A 4 0 2  B 1 0 2 4 0 1 4 0 4 4 0 5 4 0 6
Description H20, Cl, 

C3 Propane Hydrogenated 
Biodiesel,H20 Fuel Gas Water h 2 Steam Hydrogenated

Biodiesel Waste H20 Waste H20
Phase Mixed Vapor Liquid Vapor Liquid Vapor Vapor Liquid Liquid Liquid
Temperature (°C) 45.00 30.23 98.54 30.00 30.00 520.72 148.0 30.00 30.00 36.56
Pressure (psia) 14.70 14.70 14.7 14.7 14.7 514.7 64.70 14.70 14.70 14.7
Mass Rate(kg / h)

M-M-M 0 0 0 0 0 0 0 0 0 47.76
p-p-p 0 0 0 0 0 0 0 0 0 2130.76
ร-ร-ร 0 0 0 0 0 0 0 0 0 259.42
0 -0 -0 0 0 0 0 0 0 0 0 0 2350.81
LI-LI-LI 0 0 0 0 0 0 0 0 0 694.68
LN-LN-LN 0 0 0 0 0 0 0 0 0 28.56
OLEIC 0 0 0 0 0 0 0 0 0 13.42
H: 0 9.00 0 0 0 1260.65 0 0 0 0.22
TRIDECAN 0 0 4.70 0 0 0 0 4.70 0 0
TETDECAN 0 0 226.17 0 0 0 0 226.17 0 0
PENDECAN 0 0 216.41 0 0 0 0 216.41 0 0
HXDECANE 0 0 10315.97 0 0.01 0 0 10315.97 0 0
HDECANE 0 0 351.38 0 0 0 0 351.38 0 0
OCTDECAN 0 0 16655.91 0 0 0 0 16655.92 0 0
h 20 8.53 25.89 987.54 9.60 24.81 0 1000.0 3.61 983.93 5070.01
PROPANE 419.44 1245.13 12.58 1647.83 16.74 0 0 12.57 0.01 2.12
METHANE 18.23 1.77 0 19.99 0.01 0 0 0 0 0.05
CO 0 1.43 0 1.43 0 0 0 0 0 0.02

Total Mass Rate 
(kg / h) 446.20 1283.23 28770.67 1687.86 41.58 1260.65 1000.0 27786.74 983.94 10597.82
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Table B2 M a ss  b a la n ce  o f  S M R  b a se d  h y d r o g e n  p r o d u c tio n  fo r  h y d r o g e n a te d  b io d ie s e l  p r o c e s s  fr o m  PR O /II®
S tr e a m 501 5 0 2 5 0 3 5 0 4 5 0 5 5 0 6 5 0 7 5 0 8 5 0 9 5 1 0 5 1 1 5 1 2 5 1 3
Description c h 4 c h 4 c h 4 Rn. Mix Rn. Mix Rn. Mix Rn. Mix Rn. Mix Rn. Mix. Rn. Mix. Water Water Water
Phase Vapour Vapour Vapour Vapour Vapour Vapour Vapour Vapour Vapour Vapour Liquid Liquid Liquid
Temperature (๐C) 298.0 225.0 537.8 856.8 348.9 418.9 196.9 196.9 37.9 37.9 37.9 37.9 25.0
Pressure (psia) 14.7 377.7 377.7 377.7 377.7 377.7 377.7 377.7 308.6 308.6 308.6 308.6 14.7
Mass Rate (kg / h)

c h 4 1488.0 1488.0 1488.0 625.7 625.7 625.7 625.7 625.7 0 3.9 0.4 3.5 0
h 2 0 0 0 1002.8 1002.8 1076.2 1076.2 1120.3 1114.6 3.4 0.3 3.1 0
CO 0 0 0 2550.6 2550.6 1530.3 1530.3 918.2 9.2 2.4 0.2 2.2 0
C 02 0 0 0 2593.8 2593.8 4196.6 4196.6 5158.4 50.0 156.5 15.6 140.8 0
h 20 0 0 0 2670.4 2670.4 2012.3 2012.3 1618.6 0.4 1579.8 158.0 1421.8 4895.8
0 2 0 0 0 0 0 0 0 0 0 0 0 0 0
n 2 0 0 0 0 0 0 0 0 0 0 0 0 0

Total Rate (kg / h) 1488.0 1488.0 1488.0 9443.3 9443.3 9441.1 9441.1 9441.1 1174.2 1745.9 174.6 1571.3 4895.8
S tr e a m 5 1 4 5 1 5 5 1 6 5 1 7 5 1 8 5 1 9 5 2 0 5 2 1 5 2 2 5 2 3 5 2 4 5 2 5 1 0 1 A
Description Water Water Water Water Water h 2 Mix. gas Methane Mix. gas Air Flue gas Flue gas h 2
Phase Liquid Liquid Liquid Liquid Vapour Vapour Vapour Vapour Vapour Vapour Vapour Vapour Vapour
Temperature (°C) 25.0 28.0 155.0 222.5 222.5 28.0 30.0 . . 25.0 . 37.0 25.0 1594.8 1594.8 100.0
Pressure (psia) 377.7 377.7 377.7 377.7 377.7 308.6 19.1 14.7 14.7 14.7 14.7 14.7 514.7
Mass Rate (kg / h)

c h 4 0 3.5 3.5 3.5 3.5 0 621.8 106.8 728.6 0 7.3 1.8 0
h2 0 3.1 3.1 3.1 3.1 1114.6 2.2 0 2.2 0 2.2 0.6 1114.6
CO 0 2.2 2.2 2.2 2.2 9.2 906.6 0 906.6 0 906.6 226.7 9.2
C 02 0 140.8 140.8 140.8 140.8 50.0 4951.9 0 4951.9 0 6930.6 1732.6 50.0
H20 4895.8 6317.6 6317.6 6317.6 6317.6 0.4 38.4 0 38.4 0 1658.3 414.6 0.4
0 2 0 0 0 0 0 0 0 0 0 3352.7 475.3 118.8 0
n 2 0 0 0 0 0 0 0 0 0 11041.0 11041.0 2760.3 0

Total Rate (kg/h) 4895.8 6467.2 6467.2 6467.2 6467.2 1174.2 6521.0 106.8 6627.8 14393.7 21021.3 5255.3 1174.2
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Table B3 M a ss  b a la n ce  o f  b io d ie s e l  p r o c e s s  fr o m  PR O /II®
S tr e a m 101 1 0 1 B 1 0 1 C 102 201 2 0 3 1 0 2  A 3 0 2 2 0 4 2 0 5 5 0 1 1 0 3 5 0 2

Description MeOH MeOH MeOH MeOH Rn. Mix Rn. Mix MeOH Methyl
Ester Rn. Mix. Glycerin Methyl

Ester Palm Oil Waste
Phase Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid
Temperature (°C) 30.0 30.0 30.0 30.0 60.0 60.0 30.0 184.68 60.0 60.0 30.0 30.0 60
Pressure (psia) 14.7 14.7 14.7 14.7 14.7 14.7 14.7 0.25 14.7 14.7 14.7 14.7 14.7
Mass Rate (kg/ h)

M-M-M 0 0 0 0 0 0 0 0 0 0 0 290.47 0
p-p-p 0 0 0 0 0 0 0 0 0 0 0 11607.5 0
ร-ร-ร 0 0 0 0 0 0 0 0 0 0 0 1279.83 0
0 -0 -0 0 0 0 0 0 0 0 0 0 0 0 11676.0 0
LI-LI-LI 0 0 0 0 0 0 0 0 0 0 0 3473.87 0
LN-LN-LN 0 0 0 0 0 0 0 0 0 0 0 143.78 0
M-M-OH 0 0 0 0 0 0 0 0 0 0 0 0 0
P-P-OH 0 0 0 0 0 0 0 0 0 0 0 0 0
S-S-OH 0 0 0 0 0 0 0 0 0 0 0 0 0
O-O-OH 0 0 0 0 0 0 0 0 0 0 0 0 0
LI-LI-OH 0 0 0 0 0 0 0 0 0 0 0 0 0
LN-LN-OH 0 0 0 0 0 0 0 0 0 0 0 0 0
LN-LN-OH 0 0 0 0 3.04 6.07 0 5.47 5.47 0.61 0 0 5.47
P-OH-OH 0 0 0 0 118.80 237.59 0 213.84 213.84 23.76 0 0 213.84
S-OH-OH 0 0 0 0 12.87 25.74 0 23.16 23.16 2.57 0 0 23.16
M-OH-OH 0 0 0 0 117.54 235.08 0 211.57 211.57 23.51 0 0 211.57
LI-OH-OH 0 0 0 0 35.01 70.02 0 63.02 63.02 7.00 0 0 63.02
LN-OH-OH 0 0 0 0 1.45 2.90 0 2.61 2.61 0.29 0 0 2.61



115

T able B3 M ass balance o f  biodiesel process from PRO/II® (cont.)
Stream 101 1 0 1 B 1 0 1 C 1 0 2 2 0 1 2 0 3 1 0 2  A 3 0 2 2 0 4 2 0 5 5 0 1 1 0 3 5 0 2

Description MeOH MeOH MeOH MeOH Rn. Mix Rn. Mix MeOH Methyl
Ester Rn. Mix. Glycerin Methyl

Ester Palm Oil Waste
Phase Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid
Temperature (°C) 30.0 30.0 30.0 30.0 60.0 60.0 30.0 184.68 60.0 60.0 30.0 30.0 60
Pressure (psia) 14.7 14.7 14.7 14.7 14.7 14.7 14.7 0.25 14.7 14.7 14.7 14.7 14.7
Mass Rate(kg / h)

MEC14H28 0 0 0 0 143.61 287.22 0 281.48 281.48 5.74 281.48 0 0
MEC16H32 0 0 0 0 5735.51 11471.0 0 11241.6 11241.6 229.42 11240.0 0 1.55
MEC18H36 0 0 0 0 632.09 1264.19 0 1238.90 1238.90 25.28 1233.22 0 5.69
MOLEATE 0 0 0 0 5917.85 1 1835.7 0 1 1598.9 1 1598.9 236.71 11552.6 0 46.40
MEC18H32 0 0 0 0 1715.82 3431.63 0 3363.00 3363.00 68.63 3339.97 0 23 04
MEC18H30 0 0 0 0 71.02 142.03 0 139.19 139.19 2.84 135.57 0 3.62
OLEIC 0 0 0 0 0 0 0 0 0 0 0 287.50 0
METHANOL 3684.98 327.96 4955.11 6491.46 8153.11 9814.76 3245.73 15.70 7851.80 1962.95 15.70 0 0
GLYCERIN 0 0 0 0 1466.21 2932.41 0 29.32 29.32 2903.09 29.32 0 0
H20 0 0 5.66 0 0 0 0 0 0 0 0 0 0

Total Mass Rate 
(kg/h) 3684.98 327.96 4960.77 6491.46 24123.9 41756.3 3245.73 28427.8 36263.9 5492.41 27827.9 28759.0 599.97



Table B 3  M a ss  b a la n c e  o f  b io d ie s e l  p r o c e s s  fro m  P R O /II®  (c o n t .)

S tr e a m 4 0 1 4 0 2 1 0 2 B 1 0 7  A 2 0 2 1 0 7 B 3 0 1 1 0 4 3 0 3 1 0 5 1 0 7 1 0 8 1 0 1 A
D e sc r ip tio n M eO H G ly c er in M e O H P alm  O il R n. M ix P a lm  O il M eO H R n. M ix . M eO H Glycerin P a lm  O il M eO H M e O H
P h ase L iq u id L iq u id L iq u id L iq u id L iq u id L iq u id L iq u id L iq u id L iq u id L iq u id L iq u id L iq u id L iq u id
T em p eratu re (°C ) 3 0 .0 2 1 2 .0 3 0 .0 6 0 .0 6 0 .0 6 0 ,0 3 0 .0 6 0 .0 3 0 .0  ' 3 0 .0 6 0 .0 3 0 .0 3 0 .0
P ressu re (p s ia ) 0 .2 0 .2 5 1 4 .7 1 4 .7 1 4 .7 1 4 .7 0 .2 1 1 4 .7 14 .7 1 4 .7 1 4 .7 1 4 .7 1 4 .7
M a ss  R a te (k g  /  h)

M -M -M 0 0 0 1 4 5 .2 3 0 1 4 5 .2 4 0 2 9 0 .4 7 0 0 2 9 0 .5 0 0
p -p -p 0 0 0 5 8 0 3 .7 0 5 8 0 3 .7 4 0 1 1 6 0 7 .5 0 0 1 1 6 0 7 .5 0 0
ร -ร -ร 0 0 0 6 3 9 .9 1 0 6 3 9 .9 1 0 1 2 7 9 .8 3 0 0 1 2 7 9 .8 0 0
0 - 0 - 0 0 0 0 5 8 3 8 .0 0 5 8 3 8 .0 2 0 1 1 6 7 6 .0 0 0 1 1 6 7 6 .0 0 0
L I-L I-L I 0 0 0 1 7 3 6 .9 0 1 7 3 6 .9 4 0 3 4 7 3 .8 7 0 0 3 4 7 3 .9 0 0
L N -L N -L N 0 0 0 7 1 .8 9 0 7 1 .8 9 0 1 4 3 .7 8 0 0 1 4 3 .8 0 0
M -M -O H 0 0 0 0 0 0 0 0 0 0 0 0 0
P -P -O H 0 0 0 0 0 0 0 0 0 0 0 0 0
S -S -O H 0 0 0 0 0 0 0 0 0 0 0 0 0
O -O -O H 0 0 0 0 0 0 0 0 0 0 0 0 0
L I-L I-O H 0 0 0 0 0 0 0 0 0 0 0 0 0
L N -L N -O H 0 0 0 0 0 0 0 0 0 0 0 0 0
L N -L N -O H 0 0 .6 1 0 0 3 .0 4 0 0 0 0 0 0 0 0
P -O H -O H 0 2 3 .7 6 0 0 1 1 8 .8 0 0 0 0 0 0 0 0 0
S -O H -O H 0 2 .5 7 0 0 1 2 .8 7 0 0 0 0 0 0 0 0
M -O H -O H 0 2 3 .5 1 0 0 1 1 7 .5 4 0 0 0 0 0 0 0 0
L I-O H -O H 0 7 .0 0 0 0 3 5 .0 1 0 0 0 0 0 0 0 0
L N -O H -O H 0 0 .2 9 0 0 1.45 0 0 0 0 0 0 0 0



Table B 3  M a ss  b a la n c e  o f  b io d ie s e l  p r o c e s s  fro m  P R O /II®  (c o n t .)

S tr e a m 4 0 1 4 0 2 1 0 2 B 1 0 7 A 2 0 2 1 0 7 B 3 0 1 1 0 4 3 0 3 1 0 5 1 0 7 1 0 8 1 0 1 A
Description MeOH Glycerin MeOH Palm Oil Rn. Mix Palm Oil MeOH Rn. Mix. MeOH Glycerin Palm Oil MeOH MeOH
Phase Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid Liquid
Temperature (°C) 30.0 212.0 30.0 60.0 60.0 60.0 30.0 60.0 30.0 30.0 60.0 30.0 30.0
Pressure (psia) 0.2 0.25 14.7 14.7 14.7 14.7 0.21 . 14.7 14.7 14.7 14.7 14.7 14.7
Mass Rate(kg / h)

MEC14H28 0 5.74 0 0 143.61 0 0 0 0 0 0 0 0
MEC16H32 0 229.42 0 0 5735.5 0 0 0 0 0 0 0 0
MEC18H36 0 25.28 0 0 632.09 0 0 0 0 0 0 0 0
MOLEATE 0 236.71 0 150.89 5917.8 150.89 0 301.78 0 0 301.78 0 0
MEC18H32 0 68.63 0 0 1715.8 0 0 0 0 0 0 0 0
MEC18H30 0 2.84 0 0 71.02 0 0 0 0 0 0 0 0
OLEIC 0 0 0 0 0 0 0 0 0 0 0 0 0
METHANOL 1959.03 3.93 3245.7 0 1661.7 0 7836.1 4922.5 9795.1 0 0 4627.1 3357.0
GLYCERIN 0 2903.1 0 0 1466.2 0 0 0 0 3165.0 0 0 0
H20 0 0 0 0 0 0 0 24.00 0 0 0 5.6 0

Total Mass Rate 
(kg เ h) 1959.03 3533.4 3245.7 14386.6 17632.4 14386.6 7836.1 33719.7 9795.1 3165.0 28773.2 1160.6 3357.0
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Appendix c  Comparison of Capital and Manufacturing Costs 
Table Cl Comparison o f  capital and manufacturing costs

Description Hydrogenated
biodiesel

SMR-
hydrogenated

biodiesel
Renewable

Diesel* Biodiesel Biodiesel
(UOP)*

Year 2010 2010 2005 2010 2005
Capacity (ton product/year) 200,000 200,000 230,700 200,000 320,400
Total update bare module 11.01 11.08 8.95 8.04 56.78
Contingency fee (MUSD) 2.75 2.77 3.32 2.01 21.07
Auxiliary facility cost (MUSD) 4.41 4.43 2.82 3.22 11.61
Fixed capital cost (MUSD) 18.17 18.28 15.09 13.27 89.46
Working capital (MUSD) 3.53 3.53 0.61 2.58 3.89

Total capital investment (MUSD) 21.70 21.83 15.70 15.85 93.35
Direct manufacturing cost 
(MUSD/year)

Feed 190.57 190.57 142.91 143.95 307.27
Hydrogen 9.51 - 20.'25 - -
Catalyst and chemicals 0.84 0.90 3.90 0.08 11.78
Methanol - - - 20.34 7.66
Methane - 2.95 - , - -
Salary 0.13 0.14 0.09 0.13 1.3
Maintenance 0.91 0.91 0.27 0.66 1.7
Operating supplies 0.36 0.36 0.23 0.27 1.95
Payroll 0.03 0.03 0.04 0.03 0.58
Utilities 3.02 0.78 0.0.7 7.00 4.64
Subtotal Admc 205.37 196.68 167.76 174.40 336.88

Indirect manufacturing cost
Taxes & Insurance 0.55 0.55 0.08 0.40 0.45
Subtotal A imc 0.55 0.55 0.08 0.40 0.45
Depreciation 1.45 1.46 - 1.06 -

Total manufacturing cost
(MUSD/year) 207.63 198.97 167.84 175.15 337.33

(*Bain, R.L., World Biofuels A ssessm ent, 2007.)
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