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APPENDICES

Appendix A Reactor modeling procedure.

Direct Chlorination Reactor Model:
D irect ch lo r in a tio n  reaction  k in e tic s  w e re  d er iv ed  form  W a ch i and  M o rik a w a , 1 98 6 . A  C S T R  

reactor w a s  m o d e le d  to  d eterm in e co n su m p tio n  o f  reactan ts an d  p ro d u ction  o f  p rod u cts.

D C 1: C 2H 4 +  C l2 L ______ ^  C 2H 4C12

R , =  k ,[C 2H 4] [C l2]
k , =  0 .1 3 2  m 3m o f 1s ' 1 a t 6 0 ° c

D C 2: C 2H 4C l2 +  C l2 \ _______^  C 2H 3C13 +  H C l
R 2 =  k R2[C 2H 4C12][C 12] 2 

kR2 =  0 .0 2 3 9  m 6m o r 2s'' at 60°c

[C2H 4] - [C2H  4] 0 = -* 1 [C 2H  4] [C/2]r 
[C2/ / 4 ]0[C 2H  4] = \ + k1r[Cl2]

[Cl 2 ] -  [Cl 2 ]0 = -* 1 r[C 2H  4 ] [Cl 2 ] -  k2 r[C 2H  4 ] [Cl 2 ]2

=> [Cl2] - [Cl2]0 ~ K t[C2H 4] 0 [Cl2] - k 2T[C2H  4] 0 [Cl 212 
1 + k 1z[Cl 2]

=> [Cl2] - [Cl2]0 + *1z[Cl 2f  - k j [ C l  2] [Cl 2]0 = -k ,z [C  2H  4]0[Cl2] - k2r[C2H 4]0[Cl2]2

■ (k,z + k2t [ C 2H 4]0)[Cl2 f  + (1 + *1z[C 2H  4]0 - k,z[Cl 2]0)[Cl2] - [Cl2]0 = 0

l + k,z[C 2H  4] 0-  *1 r[C/2]0 1■ [c/2f  + ...... - y r ไZJO[Cl2]------------------------- 7--------- [C12]0 = 0k,z + k2z[C 2H  4]0 k,z + k2z[C 2.H 4]01

[Cl 2] =

1 + k\Z[C 2H  4]0 -k \T[Cl2]0 1 
k j  + k2z[C2H  4]0 ]j

^\ + ktz[C 2H  4]0 - k tr[Cl2]0 ^
k j  + k2z[C 2 H  4]

4[C/2]0
0 y kyZ + k2z[C2H 4]0

2



4 7

[ E D C ]  -  [ E D C ] 0 =  (*1 [C  2H  4] [Cl  2 ] -  k2 [C  2H ,  ] [C l  2] 2 y  

=> [££>๑=(*1[C2/ / 4] [C/2 ] -  £2 [C2 / / 4 ] [Cl 2 ]2 y

[TCE] = [H C l]  =  k  2 [C  2H  ̂ ][Cl  2]2 T 

D ir ec t C h lo rin a tio n  R ea cto r  P aram eters
•  R e s id e n c e  t im e  = 4 0 0 0 ร
•  P ressure = 1
•  T em p eratu re = 6 0
T h e c o n v e r s io n  o f  C l2 = 100%
T h e s e le c t iv ity  o f  E D C = 99%
T h e m o la r  v o lu m e  in th e  g a s  p h a se  ( V m) =  1 4 6 .4  m o l/m 3

Direct chlorination of ethylene

0 1000 2000 3000 4000

— [C2H4]
— CI2]

EDC ]
- — [TCE]

t(s)
F raction  o f  fe e d  co m p o n en ts

•  C 2H 2 =  0 .5 1 5 5
•  C l2 =  0 .4 8 4 5  

F raction  o f  e ff lu en t co m p o n en ts
•  C 2H 2 =  6 .5 5 0 8 E -0 2
•  C l2 =  3 .5 4 2 5 E -0 4
•  E D C  =  9 .2 5 0 9 E -0 1
•  T C E  =  4 .5 2 3 8 E -0 3
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•  H C l =  4 .5 2 3 8 E -0 3

Oxy-chlorination Reactor Model:
O x y -c h lo r in a t io n  r e a c tio n  k in e t ic s  w a s  d e r iv e d  f ro m  S a i P ra s a d  e t  a l, 2 0 0 1 . E D C  is fo rm e d  

th r o u g h  a  h e te ro g e n e o u s  c a ta ly t ic ,  c u p r ic  c h lo r id e  c a ta ly s t  im p r e g n a te d  o n  a  p o ro u s  a lu m in a  s u p p o r t ,  
in  P F R . T a b le  A - l  s h o w s  th e  o x y -c h lo r in a t io n  re a c tio n s .
Table A 1 T h e  o x y -c h lo r in a t io n  r e a c tio n s

Set
no. Reaction Stoichiometry Rate o f  reaction

Frequency 
factor (A i)  

(kmol/kg o f  
supp*s*MPa)

Activation 
energy (E i)  

(kJ/mol)

R-l
DCE

formation
C2H4 +  2 C u C12 

C2H4C12 + 2 C u C1
r  1  =  k , p s p < ‘ > ^ 1.849E8 97.72E3

R-2 TCE
formation

C2H4 + 3CuC12-+  
C2H3C13 + 3CuCl 

+ !4H2
ra =  พ V 1.672E8 111.30E3

R-3 C2H4
combustion

C2H4 +  3 ๐ 2  - »  
2 C 0 2 +  2H20 r 3  =  k 3  p 0 >  p < 2 > 7.759E1 129.7E3

R-4 CuCl
oxidation

2 C u C1 +  ' A O j  —>■ 
CuO-CuCl2 -♦

CuO +  CuCl2
r 4  =  k 4 P s P <2 > ^ > 3.446E8 86.97E3

R-5 CuCl2
regeneration

CuO +  2HC1
CuCl2 + H20

r 5  =  k 5  P S  p ( 3 >  ร ( 3 ) 8.329E13 144.3E3

R-6 CuClz
evaporation

CuC12 (solid) — >  

CuCl2 (vapor)
r  (1  =  k 6 p s 9.95E3 65.00E3

R-7 CuCl2
condensation

CuCl2 (vapor) —►  
CuCli (solid) r ?  -  k 7  P s 9.546 65.00E3

W h e re  kj =  A; e x p ( -E /R T )
kj =  ra te  o f  re a c tio n  i ( k m o l /m 3*s)
p 5 =  b u lk  d e n s ity  o f  th e  c a ta ly s t  s u p p o r t  ( k g /m 3)
ร ' ' ) =  c o n c e n tr a t io n  o f  s o lid  s p e c ie s  (k m o l /k g  o f  th e  s u p p o r t)  
p '°  =  p a r tia l  p re s s u re  o f  s p e c ie s  i (M P a )

A  p lu g  f lo w  re a c to r  m o la r  c o n t in u i ty  e q u a tio n  w a s  in t ro d u c e d  to  d e te rm in e  c o n s u m p tio n  o f  
r e a c ta n ts  a n d  p ro d u c t io n  o f  p ro d u c ts .
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w h e re  : F k =

dF, = vr  1 Atdz
m o la r  f lo w  ra te  k 
z  =  tu b e  le n g th
A t =  tu b e  se c tio n
n  =  r e a c tio n  ra te  c o n s ta n t  i

dFk =  พ 1. A 1 dz

F ro m  th e  m o la r  c o n tin u i ty  e q u a tio n , d F k w a s  d e r iv e d

Ethylene  : d F  1; = A1 d z  • { - k \ P sp E ร0'1012 -  k 2p  sp E ร0',01 - k 2p Ep ° 2 ) 
Oxygen  : dF0 = A1 d z  • (-3 k 2p E p °  -  k 4p 5p ° รCuCl )
H C l  : d F  11 = A, d z *  (-2  k5p sp "  ร0',0 )
E D C  : dFEDC = • {kxp sp E ร 0',0,2 )
T E C  : = A ,d z  * { k 2p sp E ร0',02 )
ÏFafer : • (2k3p Ep °  + k 5p sp H ร0',0)
C O 2 : dFc =  A, d z * (2k3p Ep ° )
C u C l 2 : dFCuCk1 ~ A ,d z  •  (,k6p s - k 2p 1)
[C«C/2], = [//<:/]• 0.886
[Ci/O] =

[C«C/] =

*4/?° [ChC/]
*5๙ ' ]

๙  [CwC72][2*, + 3*2] 
2 k 4p °

O x y - c h lo r in a t io n  R e a c to r  P a ra m e te rs
T u b e  d ia m e te r  = 3 0 cm
T u b e  le n g th = 4 0 0 m
P re s s u re = 0 .5 M P a
T e m p e ra tu re = 3 1 0 °c
[Cucy [H C l] * 0.886 k m o l/m

T h e  c o n v e rs io n  o f  e th y le n e  =  4 6 .8 %
T h e  s e le c t iv i ty  o f  E D C  =  9 7 .4 %
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O xychlorination Reactor

F ra c tio n  o f  f e e d  c o m p o n e n ts
• C 2H 2 =  0 .2 8 5 7
• HC1 = 0 .5 7 1 4
• O x y g e n =  0 .1 4 2 9

F ra c t io n  o f  e f f lu e n t  c o m p o n e n ts
• C 2H 2 =  1 .2 8 1 2 E -0 2
• 0 2 =  6 .4 7 4 6 E -0 5
• HC1 =  2 .5 8 9 8 E -0 4
• E D C =  4 .6 1 7 3 E -0 1
• T C E =  2 .5 3 6 5 E -0 2
• W a te r =  4 .9 9 7 7 E -0 1
• C 0 2 =  1 .0 0 3 8 E -1 0

Pyrolysis Reactor Model:
V in y l c h lo r id e  m o n o m e r  is p ro d u c e d  b y  th e rm a l c r a c k in g  o f  E D C  a n d  th is  e n d o th e rm ic  

r e a c tio n  w a s  p e r fo r m e d  w ith  r e s p e c t  to  108 r e v e r s ib le  e le m e n ta ry  r e a c tio n s  w ith  4 7  m o le c u la r  a n d  
r a d ic a l  s p e c ie s . P y ro ly s is  r e a c tio n  k in e t ic s  w a s  d e r iv e d  f ro m  C h o i e t  a l, 2 0 0 1 .



Table A2 Elementary Reactions for EDC Pyrolysis (Forward Reactions Only)
R e a c t io n A b E

Chain Initiation Reactions

C H 2C 1 C H 2C1 =  C H 2C 1C H 2 +  C l 1 .0 1 E 2 8 -4 .6 8 6 5 0 9

C 2H 3C1 =  C 2H 3 +  C l 1 .7 1 E 3 8 -7.1 9 6 3 7 0

C H 2C12 =  C H 2C1 +  C l 1 .0 2 E 1 6 0 7 6 8 0 0

C H C 1 3 =  C H C 1 2 +  C l 0 .6 E 1 6 0 7 1 0 0 0

C C 14 =  C C 13 +  C l 1 E 1 6 0 7 0 0 0 0

C H 3C I =  c h 3 +  C l 1 .2 6 E 3 7 -6 .9 9 0 5 4 0

C 4H 6C12 =  C 4H 6C1 +  C l 1E 16 0 6 6 6 0 0

C 4H 5C1S =  c 4h 5s  +  C l 1E 16 0 8 5 9 0 0

C 4H 5C1U =  C 4H 5U  +  C l 1E 16 0 9 4 9 0 0

C 2H 5C1 =  c 2h 5 +  C l 1E 16 0 8 6 2 0 0

C H 2C 1C H C 12 =  C H 2C 1C H C 1 +  C l 1E 13 0 7 7 0 0 0

H Abstraction Reactions
C H 2C 1 C H 2C1 +  C l =  C H 2C 1C H C 1 +  H C l 1E 13 0 3 1 0 0

C H 2C 1C H 2C1 +  C H 2C1 =  C H 2C 1C H C 1 +  C H jC l 1 .1 6 E 1 1 0 9 0 0 0

c h 4 +  C H 2C1CH C1 =  C H 2C 1C H 2C1 +  c h 3 1E 5 2 2 5 9 3 3

c 2h 3c i  +  C H 2C1 =  C H 2CC1 +  C H 3C1 1.79E 1 3 .6 9 6 2 0

C 2H 3C1 +  C H 2C1 =  C H C 1 C H  +  C H 3C1 1.79E 1 3 .6 1 4 4 8 0

C 2H 3C1 +  C l =  C H 2CC1 + H C 1 1 .2 E 1 4 0 1 3 3 0 0

C 2H 3C1 +C1 =  C H C 1 C H  +  H C l 1 .2 E 1 4 0 1 3 3 0 0

C H 2C 1 C H 2 +  C H jC l  =  C 2H 5C1 +  C H 2C1 1 E 6 2 1 1 4 0 8

c 2h 5C l +  C l =  C H 2C 1C H 2 +  H C l 2 .5 E 7 2 6 8 0

C H 3C1 +  C1 =  C H 2C1 +  HC1 9 .3 E 6 2 .4 3 3 0 0

C H jC l  +  C H j =  C H 2C1 +  C H 4 1 .2 6 E 1 1 0 1 1 6 0 0

C H 4 +  C l =  C H j +  H C l 2 .0 8 E 8 1.8 2 6 5 0

C H 3C I +  C H C 1 2C H C 1 =  C H 2C 1C H C 12 +  C H 2C1 1 E 6 2 1 4 1 5 8

c 2h 4 +  C H 2C1 =  c 2h 3 +  C H jC l 2 E 1 2 0 12 0 0 0

C 2H 3C1 +  c h 3 =  C H 2CC1 +  C H 4 1 .08E 1 3 .9 1 0 4 9 0

C 2H 3C1 +  C H , =  C H C IC H  +  C H 4 1 .08E 1 3 .9 1 2 4 9 0

C 2H 3C1 +  C H C 1 2 =  C H 2C12 +  C H C IC H 1 E 6 2 2 0 1 5 8

C 2H 3C1 +  C H C 1 2 =  C H 2C12 +  C H 2CC1 1 E 6 2 1 7 6 0 8

C4 H4 CI +  H C l =  C4H5CIS + C l 1 E 6 2 1 8283
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R e a ctio n A b E
C 4H 5U +  C H 3CI =  C 4H 6 +  C H 2C1 1E5 2 2 1 7 3 3
C 4H 5C12U +  HC1 =  C 4H  6 C l2 +  Cl 1E 6 2 2 9 8 3 3

C 4H 5U +  HC1 =  C 4H 6 +  C l 1E 6 2 2 3 2 3 3
C 4H 5S +  C H 3CI =  C 4H 6 +  C l 1E 6 2 3 5 1 5 8

C 2H 4 +  C l =  C 2H 3 +H C1 1 E 14 0 7 0 0 0
C 2H 5C1 +  C H 3 =  C H 2C !C H 2 +  C H 4 4 .4 E 2 3 .2 1 0 3 4 0
c 2h 5c i  +  c h 3 =  C H 3C H C 1 +  C H 4 4 .4 E 2 3 .2 9 3 4 0

C 2H 3C1 +  CH C12CHC1 =  C H C 1C H  +  C H 2C1CHC12 1E 6 2 2 2 4 0 8
C 2H 3C1 +  CH C12CHC1 =  C H 2CC1 +  C H 2C1CHC12 1E 6 2 1 9 8 5 8

C 2H 3C1 +  CHC1CC1 =  C H C 1C H  +  CH C1CHC1 1E 6 2 1 3 7 0 8
C 2H 3C1 +  CHC1CC1 =  C H 2CC1 +  CH C1CHC1 1E 6 2 1 1 3 5 8

C 2H 3C1 +  C H 2C1CH 2 =  C H C 1C H  +  C 2H 5C1 1E 6 2 1 9 5 5 8
C 2H 3C1 +  C H 2C 1CH 2 =  C H 2CC1 +  C 2H 5C1 1E 6 2 1 7 0 0 8
C 2H 3C l +  C H 3CHC1 =  C H C 1C H  +  C 2H 5C l 1E 6 2 2 4 6 1 6
C 2H 3C l +  C H 3CHC1 =  C H 2CC1 +  C 2H 5C1 1E 6 2 2 0 6 0 8

C H 2C1CHC1 +  C 2H 4 =  C H 2C 1CH 2C1 +  c 2h 3 1E 6 2 1 9 2 5 8
c h 2c i c h c i  +  c 2h  6 =  C H 2C 1CH 2C1 +  c 2h 5 1E 6 2 1 3 4 0 8

C H 2C1CHC1 +  C 2H 3C l=  C H 2C1CH 2C1 +  CH C 1C H 1E5 2 2 2 4 0 8
C H 2C1CHC1 +  C 2H 3C1 =  C H 2C 1CH 2C1 +  C H 2CC1 1E 6 2 1 9 8 5 8

C l +  C 2H 6 =  HC1 +  C 2H 5 1E 14 0 1 0 0 0

H  +  H C l =  H 2 +  Cl 5 .0 1 E 1 2 0 3 2 0 0
C1 +  C 2H 2 = H C 1  +  C 2H 1 .6 E 1 4 0 1 6 9 0 0
C1 +  C 4H 4 = H C 1  +  C 4H 3 1E 14 0 1 0 0 0

Cl Abstraction Reactions
C H 2C 1CH 2C1 +  C l =  C H 2C 1CH 2 +  C l2 1E7 2 2 8 1 0 8

C H 2C1CH 2C1 +  C H 2C1 =  C H 2C 1CH 2 +  C H 2C12 1E 6 2 1 1 2 8 3
c h 2c i c h 2c i  +  c h 3 =  C H 2C1CH 2 +  C H 3C1 4 E 5 2 1 6 9 0 8

CC14 +  C H 3 =  CC13 +  C H jC l 1 .2 6 E 1 2 0 9 9 0 0
CC14 +  C l =  CC13 +  C l, 1E 14 0 2 0 0 0 0

C 2H 3C1 +  CC13 = C 2H 3 +  CC14 1E 6 2 2 7 8 0 8
c 4h 6C l, +  C l =  C 4H 6C l +  C l, 1E7 2 1 7 9 0 8
C 4H 6C1S+ C l =  C 4H 5S +  C l, 1E7 2 2 7 9 0 0
C 4H 6C 1U + Cl =  c 4h 5u +  C l, 1E7 2 3 6 9 0 0

c 4h 5u  +  H C l =  C 4H 5C 1U + h 1E 6 2 2 8 8 5 8
c 4h 5s  +  H C l =  C 4H 5C1S+ h 1E 6 2 4 1 5 3 3



R ea ctio n A b E
C 2H 3C1 +  C H C 1C H  =  C 2H 3 +  C 2HC13 1E 6 2 142 33
c 2h 3c i  +  C H 2CC1 =  C 2H 3 +  CC12C H 2 1E 6 2 1 3 7 8 3

c 2h 3c i  +  C H 2C 1C H 2 =  c 2h 3 +  c  H 2C 1C H 2C 1 1E 6 2 1 7 7 5 8
c h 3 +  C 2H 3C l =  C H 3C1 +  c 2h  3 3 E 1 1 0 179 83

C12 +  C 2H 3 =  c 2h  3 C l +  C l 5 .2 4 E 1 2 0 -4 8 0
C H 2C1CHC1 +  C H 3C1 =  C H 2C1CHC12 +  c h 3 1 E 1 1 0 1 7 9 5 0

C H 3C H C12 +  C H 2C1CHC1 =  C H 3CHC1 +  
C H 2C1CHC12 1E 6 2 1 6 7 8 3

C 2H 3C1 +  C H jC H C l =  C 2H 3 +  C H 3CH C12 1E 6 2 2 1 5 0 8
c h 2c i c h c i  +  C 2H 3C l =  C H 2C1CHC12 +  C 2H 3 1E 12 0 1 8 5 5 0

C H 2C1CHC1 +  C l2 =  C H 2C1CHC12 +  C l 1E 12 0 6 1 7 5

Radical Addition Reactions

C 2H 2 +  C 2H 3 =  C 4H 5U 7 .9 4 E 8 0 6 9 0 0
C 2H 2 +  C 2H 3 =  C 4H 5S 7 .9 4 E 8 0 6 9 0 0

C 2H 3C l +  c 2h  3 =  C 4H 6C1 2 .2 8 E 2 7 -4 .6 1 1 7 7 8
c 2h 3C l +  c 2h 3 =  c 4h 6 +  C l 2 .1 3 E 8 1.7 9 1 5 7

C 2H 3C1 +  C H 2CC1 =  C 4H 5C IS +  Cl 7 .9 4 E 1 3 0 1 2 8 4 4
c h 3 +  c 2h 4 =  C 3H 7 1E 12 0 2 0 0 0

c h 3 +  C 3H 6 =  (C H 3) 2C H C H 2 6 .3 1 E 1 1 0 8 8 0 0
c 2h  3 +  c 2h 4 =  c 4h 7 2 E 1 1 0 2 0 0 0

c 2h 3 +  c 4h 6 =  C 6H 9 3 .2 E 1 1 0 3 0 0 0
C 4H 5 +  C 2H 2 =  c 6h 7 3 .9 8 E 1 2 0 6 9 0 0

C 2H 3 +  c-C 6H 6 =  C 6H 6c 2H 3 1 .58E 11 0 3 0 0 0

Radical decomposition Reactions
C H 2C1CHC1 =  C 2H 3C1 +  Cl 1 .5 8 E 1 3 0 2 0 6 0 0

CHC1CC1 =  C 2HC1 +  C l 3 .8 2 E 2 8 -5 3 7 4 4 1
C H C 1C H  =  C 2H  2 +  C l 1 .5E 13 0 2 3 0 0 0

C 4H 5C12U  =  C 4H 5C IU  +  C l 3E 1 3 0 3 7 0 0 0
C 4H 6C1 =  c 4h 6 +  Cl 3 E 1 3 0 4 1 6 0 0

c 2h 5 =  c 2h 4 +  h 2 E 1 3 0 3 9 1 0 0
C 3H 7 =  C 3H 6 + H 6 .3 1 E 1 3 0 3 8 0 0 0

(C H 3) 2C H C H 2 =  (C H 3)2C C H 2 +  H 1E 1 4 0 3 6 3 0 0
c 4h 7 =  c 4h 6 +  h 3 .2 E 1 3 0 3 4 8 0 0
C 4H 5 = C 4H 4 + H 1E 14 0 4 1 4 0 0
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C 6H 9 =  C 6H 8 + H 3 .2 E 1 3 0 4 2 2 0 0
c-C éH ç = c-C 6H 8 +  H 6 . 3 1E 7 0 3 4 3 0 0

c 6h 6c 2h 3 =  c 6h 5c 2h 3 +  h 5 .0 1 E 1 3 0 2 6 0 0 0
c 4h 3 =  c 4h 2 + H 1E 14 0 4 0 8 0 0
C 2H 3 =  C 2H 2 + H 1E 14 0 4 0 4 0 0

c-C 6H 7 = c-C 6H 6 + H 1E 14 0 1 5 0 0 0

Pure Radical Reactions
C H 2CC1 +  C 2H 3 =  C 4H 5ร  +  Cl 3 .4 6 E 1 1 0 104 43

C 2H 3 +  C H 2C1CHC1 =  C 4H 6C l +  C l 1 .4 1 E 1 4 0 1 0 4 1 6
CôH9 =  c-CgH9 2 E 1 1 0 8 0 0 0
C 6H 7=  c-C 6H 7 3 .1 6 E 1 1 0 8 0 0 0

Pure Molecular Reactions
C H 2C 1CH 2C1 =  C 2H 3C1 +  H C l 1 .4 3 E 1 2 -0 .7 5 8 9 2 0

C 2H 3C1 =  C 2H 2 +  H C l 2 .7 5 E 1 7 -1 .3 6 9 3 1 2
c 4h 6C12 = C 4H 5C1S +  HC1 3 .9 8 E 1 0 0 4 9 0 0 0
c 4h 6C12 = C 4H 5C1U +  HC1 3 .9 8 E 1 0 0 5 1 0 0 0

C 2H jC1 =  C 2H 4 +  H C l 3 .2 E 1 3 0 5 7 6 0 0
c 6h 8 = c 6h 6 + h 2 3 .2 E 1 3 0 4 0 0 0 0

c-C 6H 8 =  c-C 6H 6 +  H 2 2 .5 1 E 1 2 0 4 3 8 0 0

Chain Termination Reactions
C H 2C1 +  C H 2C1 =  C H 2C1CH 2C1 3 E 3 8 -8 9 4 3 1

C H 2C1CHC1 +  C l =  CH C1CHC1 +  H C l 1 E 8 2 0

CHC1CC1 + C l = C 2C12 + H C l 1E 8 2 3 0 8 0
C H 2C1 + C H 2C1 = C 2H 3 C l +  H C l 1 .1 E 2 4 -3 .2 8 2 0 0
C H 2C 1C H 2 + C l = C 2H 3C l +  H C l 1 .1 E 3 0 -4 .7 1 7 4 6 4

C 2H 3 + C l = C 2H 2 +  H C l 4 .7 E 2 5 -3 .2 1 1 7 9 0
C 2H 3 +  C H 2C1 = C 2H 2 +  C H jC l 1E 13 0 0

C 2H 3 + C H 2C1CHC1 = C 4H 5C1S + H C l 1 .9 8 E 1 3 0 7 1 2 7
C 2H 3 + C H 2C1CHC1 = C 4H 5C1U + H C l 1 .9 8 E 1 3 0 7 1 2 7

C H 2CC1 + C 2H 3 = C 4H 5C1S 1 .2 9 E 1 2 0 .4 156 5
c 4h 5c i 2s  + C l = C 4H 4C l2 + H C l 1E7 2 0

C 4H 5C12S + C l = C 4H 4CIS + C l2 1E 7 2 0
C 4H 5C12U  + C l = C 4H 4C l2 + H C l 1E7 2 0

C 4H 5C12U  + C l = C 4H 4C1U + C l2 1E7 2 0
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R eaction A b E
C 4H 5C12S +  C H 3 =  C 4H 5CIS +  C H 3C1 1E5 2 0

c 4h 6c i  +  C l =  C 4H 5C1S +  H C l 1E7 2 0

C 4H 5ฆ  +  C l =  C 4H 4 +  H C l 1E5 2 0

C 2H 5 +  C l =  C 2H 4 +  H C l 2 .3 6 E 2 3 -2 .6 9 7 3 5
C 2H 3 +  C H 2C1CHC1 =  C 4H 6C12 1 .2 1 E 1 7 - 1 .2 3 1 0 3

C H jC H C I +  C H 2C1CHC1 =  C 4H 6 C l2 +  H C l 3 .6 9 E 1 3 0 1 0 6 8 9
C H 2C1CH 2 +  C H 2C1CHC1 =  C H 2C1CH2C1 +  C 2H 3C1 1E5 2 0

c h 3 +  c h 3 =  C 2H 6 2 .5 1 E 1 3 0 0

c h 3 +  C H 2C1 =  C 2H 5C1 5 .0 1 E 1 3 0 0

k = A T be x p (-E /R T ) (m o l/c m 3.s)

w h ere: A : freq u en cy  factor  (1 /s )  for  u n im o lecu la r  rea ctio n s,

(c m 3/m o l* s )  for  b im o le cu la r  reaction s  

b: e x p o n en t o f  tem perature

E: activ a tio n  en e rg ie s  (c a l/m o l)

T h e m o d e lin g  w a s  p er fo rm ed  w ith  Fortran u s in g  the fo l lo w in g  equ ation:

d Q
dt = Z v ,

C '- '

w h ere: C k =  co n cen tra tio n  o f  th e  kfh sp e c ie s

kfi =  forw ard  rate co n stan t o f  the ith reaction  

k rj =  rev erse  rate co n sta n t o f  the ith reaction  

kn =  Kj/kfi w h ere  Kj is  the th erm o d y n a m ic  co n stan t o f  the ith reaction

P y ro ly s is  R eactor  P aram eters
•  R e s id e n c e  t im e  = 5 ร
•  P ressure = 3 0 bars
•  T em p eratu re = 7 0 0 K
R eactant co n cen tra tio n = 0 .5 m o l/L
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TableA3 P y r o ly s is  e ff lu e n t  fractio n s

C h e m ic a ls F ractio n  o f  e f f lu e n t  c o m p o n e n ts
V C M 3 .9 5 E -0 1
HC1 3 .9 7 E -0 1
E D C 2 .0 7 E -0 1

ch lo ro p ren e 1 .7 2 E -1 4
a c e ty le n e 3 .0 6 E -0 4
e th y le n e 1 9 1 E -0 5

T C E 1 .2 4 E -1 1
CH 3C1 1 3 9 E -0 6

1 , 1-d ich lo ro e th y le n e 1 .4 4 E -0 6
1 ,2 -d ich lo ro e th y  len e 7  1 4 E -0 7

C h loroeth a n e 2 .9 8 E -0 7
C H 2C 12 4 .6 0 E -0 8

b u tad ien e 4 .5 5 E -0 8
C 12 2 .4 8 E -0 9

tr ich lo ro e th y len e 1 .8 8 E -0 9
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Appendix B Sizing and cost estimation of equipment.

Thermal Incineration
1. T h erm al in c in erator  sy s te m  d es ig n
T h e  rea ctio n s o f  co m b u stio n  (c o m p le te  co m b u stio n )
E th y len e  b u m s as fo llo w s:  C 2H 4 +  3<ว2 —» 2 C 0 2 +  2 H 20
E th y len e  D ic h lo r id e  m ay b u m s as fo llo w s:  C 2H 4C12 +  3 0 2 - »  2 C 0 2 +  2 H 20  +  C l2

In th e  in c in era tio n  en v iro n m en t, the h a lo g en  a c id s  (H X )  and th e  free  e le m e n ts  (X 2) are in 
d y n a m ic  eq u ilib r iu m  w ith  w a ter  vap or and o x y g e n  (th e D e a c o n  rea ctio n ) in N ie s s e n , 2 0 0 2  a c co rd in g  
to

2 H X  +  0.5O2 <7» H 20  +  x 2

K p  =
P h 1 o P x 1  1/ 2atm
P hxPo,

1/2

T h e tem p eratu re d e p e n d e n c e  o f  Kp (fo r  partia l p ressu re in  atm  an d  tem p eratu re (T ) in  K  is  g iv e n  b y
C h lo rin e  In Kp =  -8 .2 4 4  +  1 .5 1 2 * 1 0 '4T + 7 0 8 7 /T

H o w e v e r , th e  in c in era to r  sy ste m  h a v e  large am ou n t o f  o x y g e n  e x c e s s ,  so  o ccu rr in g  HC1 can  n eg lec t.

T = 'K  ไ

w h ere
T =  r e s id e n c e  tim e

V  =  in tern al v o lu m e  o f  the in cin erator ch a m b er
Q  =  f lo w  rate o f  g a s e s  out o f  the in cin erator  
The total Hue gas flow

Q-Qw+Qf
w h ere
Q  =  T ota l f lu e  g a s  f lo w  rate
Q w =  W a ste  g a s  f lo w  rate at in le t to  incin erator
Q f =  F lo w  rate o f  a u x iliary  fu el

The flow rate of auxiliary fuel
Q f =  Qw X /Y

w h ere
X  = 1 .1  C po(T c-T r) - C p i(T ,-T r) - h w
Y  =  h f -  1.1 C po(T c-T r)
Cpo =  m ean  heat ca p a c ity  o f  ex h a u st stream  from  the incin erator  
T c =  co m b u stio n  tem perature
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T r =  re fe ren c e  tem perature
Cp, =  m ea n  h ea t ca p a c ity  o f  in let strea m s to  th e  in cin erator  
Tj =  in let g a s  stream  tem p eratu re, after p reh eatin g .

T i m ay  b e  ca lcu la ted  from  th e  eq u a tio n  Ti =  T w +  E f f  (T c-T w)
T w  =  tem p eratu re o f  w a ste  g a s  stream  b e fo r e  p reh eatin g  
E ff  =  an tic ip a ted  fractio n a l th erm al e f f ic ie n c y  o f  th e  in cin erator  
hw =  h ea t co n ten t o f  w a ste  g a s  stream  
hf =  h ea t co n ten t o f  fu el
T h e se  eq u a tio n s  are co n sid e red  v a lid  for g a s  stream s w ith  an o x y g e n  co n te n t a b o v e  16%  that 

co n ta in  V O C s at a co n cen tra tio n  le s s  than 2 5 %  o f  th e  L E L . T h ey  a ssu m e  a 10%  lo ss  o f  en e rg y  from  
th e  incin erator.
2 . E c o n o m ic  E stim a tes
T h e ca p ita l c o s t  o f  a p a c k a g e  recu p erative  therm al in c in eration  sy s te m  (H u n ter  e t  a l ,  2 0 0 0 )

c c  =  a (Q )b
w h ere

C C  =  p u rch ased  p r ice , in 1 9 8 8  (d o lla rs)
Q  =  f lo w  rate o f  g a se s  a fter co m b u stio n  (ftV m in )

A t 70%  h eat r e c o v e r y , a =  5 .6 9 0  and  b =  0 .4 0 8

Absorption System
1. A b so rp tio n  sy s te m  d e s ig n  (H u n ter  e t  a l ,  2 0 0 0 )
Design Procedures for Packed Columns Separating Dilute Solutes

T  (  n  ไ 05
L y  P g

w h ere
L m  =  liq u id  f lo w  rate, m a ss /h  units  
G m  =  g a se o u s  f lo w  rate, m a ss/h  units  
P c  =  g a s  d e n sity , 0 .0 7 3  lb /ft3 for  air at 3 0 3  K  

P i  =  liq u id  d en sity , 6 2 .4  lb /ft3 for w a ter  at 3 0 3  K

r - _ [ £ P g P l S c T

J๒°d = [ F f r f l 5
w h ere

G f 1 1 1 1 1 1 1  =  the m a ss f lo w  rate o f  g a s  per unit o f  co lu m n  c r o ss -s e c t io n a l area that w ill  ju st

ca u se  the co lu m n  to  f lo o d , lb ร”1 ft‘2
ร  =  th e  y -a x is  v a lu e  from  F ig . 5 .8  in H u n ter e t  a l ,  2 0 0 0

g c  =  th e  gra v ita tio n a l co n stan t, 3 2 .2  ft/s2



59

( j )  =  ratio  o f  liq u id  s p e c if ic  g rav ity  to  that o f  w ater

1  =  liq u id  v is c o s ity , cP , 0 .8  cP  for  w ater

A s s u m e  75%  o f  flo o d in g ,

w h ere
G oper =  ° - 7 5 G  flood

G 0 p e r  =  m a ss f lo w  o f  g a s  stream  per unit area o f  c o lu m n  u nder n orm al op eration ,

(lb  ร-1 ft'2)
T h e  req u ired  co lu m n  c r o ss -se c t io n a l area,

A = G /G oper

w h ere
A  =  th e  c r o ss -se c t io n a l area, ft2 

C a lcu la tin g  the co lu m n  d ia m eter  from

D  = 7 4 A y 12
V n

where

D  =  the d ia m eter  o f  the co lu m n

l n { [ ( / i - l ) / 4 ( r - K X , ) / (y„- K X ,  ) ] + ( M }
N og = ■ ( A - \ ) / A

w h ere

¥ 0  =  p o llu tan t co n cen tra tio n  in g a s  stream  le a v in g  ab sorber, k g -m o l p o llu ta n t/k g -m o l

p o llu ta n t-free  g a s  ( lb -m o l/lb -m o l)

¥ 1 =  p o llu ta n t co n cen tra tio n  ๒ g a s  stream  en ter in g  ab sorb er, k g -m o l p o llu ta n t/k g -m o l 

p o llu ta n t-free  g a s  ( lb -m o l/lb -m o l)

X 1 =  co n cen tra tio n  o f  p o llu tan t in liq u id  stream  en ter in g  the ab sorb er k g -m o l

p o llu ta n t/k g -m o l p o llu ta n t-free  so lv e n t  ( lb -m o l/lb -m o l)
A  =  L /K V
L  =  liq u id  f lo w  rate
V  =  g a s  f lo w  rate
T h e h e ig h t  o f  a th eo retica l tran sfer u n it (H og) sh o u ld  b e  ob ta in ed  from  v e n d o r  in form ation  

for  the s p e c if ic  a p p lica tio n , but it u su a lly  ra n ges b e tw e e n  0 .3  and  1.2 m (1 and  4  ft). A  rough  
estim a tio n  o f  0 .6  m (2 ft)  can b e u sed  i f  n ec essa ry .

D  = f  4 V
V  ท  J

1/2



The total packing height is calculated from
H  pack =  N og  - H 0 G

2 . E c o n o m ic  E stim a tes
T h e  to ta l c o lu m n  su rfa ce  area is first ca lcu lated :

ร  = ttD(\  A H  pack +1.52D + 2.81)
w h ere
ร  =  su rfa ce  area o f  co lu m n , ft2
T h e c o s t  o f  ad sorp tio n  sy s te m  (in  th ird-quarter 1991 ร ) can  be estim a ted  by:

C o st (ร )  =  ร (ft2) * 1 1 5 ($ /ft2)



Appendix c Forecasted value and reference data,

Forecasted value
T a b le  C l  F o re ca ste d  d em a n d  o f  v in y l ch lo r id e  m o n o m e r  ( ,0 0 0 T /Y )  in T h a ilan d

year d em a n d ca p a c ity d em a n d -ca p a c ity
1 9 9 6 4 0 2 2 8 0 122
1 9 9 7 4 8 9 3 0 0 189
1 9 9 8 4 7 8 6 0 0 -1 2 2
1 9 9 9 5 3 8 6 0 0 -6 2
2 0 0 0 6 0 5 6 1 5 -1 0
2 0 0 1 6 4 5 6 2 7 18
2 0 0 2 6 7 0 6 2 7 43
2 0 0 3 9 6
2 0 0 4 137
2 0 0 5 178
2 0 0 6 2 1 9
2 0 0 7 2 6 0
2 0 0 8 301
2 0 0 9 3 4 2
2 0 1 0 3 8 3
2 0 1 1 4 2 4
2 0 1 2 4 6 5
2 0 1 3 5 0 6
2 0 1 4 5 4 7
2 0 1 5 5 8 8
2 0 1 6 6 2 9
2 0 1 7 6 7 0
2 0 1 8 711
2 0 1 9 7 5 2
2 0 2 0 793
2 0 2 1 8 3 4
2 0 2 2 8 7 5
2 0 2 3 9 1 6
2 0 2 4 9 5 7
2 0 2 5 9 5 8
2 0 2 6 103 9
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D e m a n d s  o f  V C M  (P etro leu m  Institu te  o f  T h a ila n d ) are p lo tted  b e tw e e n  d em a n d s o f  V C M  
( ,0 0 0 T /Y )  v s . y e a r  from  1 9 9 8 -2 0 0 2  to  d eterm in e fo re ca st d em a n d  o f  V C M .

Demand of VCM in Thailand vs. Year
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y = 41x-82027
R = 0.9626
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F ig u r e  C l  D e m a n d  o f  V C M  in T h ailand .
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Table C2 F o re ca ste d  P r ices  and random  v a lu e s  o f  v in y l ch lo r id e  m o n o m er , e th y le n e  (T h a i O le fin s  
C o .,L td .)

U n it: บ S $ /T o n

Y ear E th y len e  p rice V in y l ch lo r id e  
m o n o m e r  p rice

1 9 9 0 7 1 5 .0 8 4 4 5 .9 1
1991 5 7 0 .0 8 3 4 7 .9 0
199 2 3 6 6 .3 3 3 8 3 .0 8
1993 3 3 1 .2 5 4 5 9 .7 3
199 4 4 5 5 .5 0 6 4 8 .0 8
199 5 4 1 0 .6 7 7 0 5 .0 0
199 6 4 6 4 .4 2 5 1 4 .7 9
199 7 5 5 2 .7 5 5 4 3 .7 5
199 8 3 5 7 .7 5 3 2 6 .6 7
199 9 4 5 1 .0 8 4 4 0 .8 3
2 0 0 0 6 0 2 .5 0 5 6 2 .2 9
2 0 0 1 4 5 0 .4 2 3 7 8 .5 4
2 0 0 2 4 2 2 .2 9 4 5 5 .0 0
2 0 0 3 4 7 2 .9 9 5 1 4 .8 8
2 0 0 4 4 3 6 .9 7 4 9 0 .4 6
2 0 0 5 4 3 2 .1 2 4 9 1 .8 0
2 0 0 6 4 2 7 .2 6 4 9 3 .1 4
2 0 0 7 4 2 2 .4 0 4 9 4 .4 8
2 0 0 8 4 1 7 .5 5 4 9 5 .8 2
2 0 0 9 4 1 2 .6 9 4 9 7 .1 6
2 0 1 0 4 0 7 .8 3 4 9 8 .5 0
2 0 1 1 4 0 2 .9 8 4 9 9 .8 3
2 0 1 2 3 9 8 .1 2 5 0 1 .1 7
2 0 1 3 3 9 3 .2 6 5 0 2 .5 1
2 0 1 4 3 8 8 .4 0 5 0 3 .8 5
2 0 1 5 3 8 3 .5 5 5 0 5 .1 9
2 0 1 6 3 7 8 .6 9 5 0 6 .5 3
2 0 1 7 3 7 3 .8 3 5 0 7 .8 7
2 0 1 8 3 6 8 .9 8 5 0 9 .2 1
2 0 1 9 3 6 4 .1 2 5 1 0 .5 5
2 0 2 0 3 5 9 .2 6 5 1 1 .8 9
202 1 3 5 4 .4 1 5 1 3 .2 3
2 0 2 2 3 4 9 .5 5 5 1 4 .5 7
2 0 2 3 3 4 4 .6 9 5 1 5 .9 1
2 0 2 4 3 3 9 .8 4 5 1 7 .2 5
2 0 2 5 3 3 4 .9 8 5 1 8 .5 9
2 0 2 6 3 3 0 .1 2 5 1 9 .9 3

Standard Error 107.38 114.06



64

Forecasted Ethylene Price

y ea r

Figure C2 F o re ca ste d  p r ices  o f  e th y le n e .

Forecasted VCM Price

IHร*3tuo'É(E5บ>

800
700
600
500
400
300
200
100

0
1985

y = 1.3395X - 2193.9
R2 = 0.0026

1990 1995 2000 2005 2010 2015 2020 2025
Year

Figure C3 F o re ca ste d  p rices  o f  V C M .
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Reference data
Table C 3  R e fe r e n c e  data

D ata R e fe ren c e

C h lo r in e  p rice =  2 1 0 .4  ร / ton P eters e t  a l ,  2 0 0 3
O x y g e n  p rice  =  4 0  $ /to n P eters  e t  a l ,  2 0 0 3
HC1 p rice =  2 7 3  $ /to n P eters e t  a l ,  2 0 0 3
1 บ ร ร  =  3 9 .8 3  B ath O cto b er  11, 2 0 0 3 .
L an d  rent in  M a p  T a P hut =  3 0 ,3 6 0  
B a th /R a i/y ea r

M ap  T a P hut O ffic e .

L abor C o st =  1 7 ,6 8 4  B ath /m on th  

C o a l prop erties
•  H e a tin g  v a lu e  =  8 2 5 0  k ca l/k g
•  C o m p o s itio n  o f

c  =93.9%
H 2 =  2 .1 %
0 2 =  2 .3 %
ร =  0 .9 %
N 2 =  0 .3%

F isc a l year  2 0 0 0 -2 0 0 1
D a ta  o f  A v e r a g e  W a g es  T y p e  in R a y o n g .
L ab ou r stu d ies  and  p la n n in g  d iv is io n  ๒  d ep artm en t o f  
labour p ro tectio n  and  w elfa re .
C o a l from  S c h u y lk ill,  U S A  in T a b le  2  and  3 in  A p p . B  in 
N ie s s e n  et al, 2 0 0 2
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Appendix D The method of calculations of financial and environmental risks.

T h e m eth o d  o f  c a lcu la tio n s  o f  f in a n c ia l and  e n v iro n m e n ta l risk  for  V C M  p lan t at ca p a c ity  o f  
3 0 0 ,0 0 0  to n /y e a r  and  50%  HC1 r e c y c le  w ith  h ea t in tegration  an d  th e  trea tm en t sy s te m .

Equipment Cost

T h e m ajor eq u ip m en t o f  th e  V C M  p lan t c o n s is ts  o f  th ree reactors, h ea t ex ch a n g ers , four  
d is tilla tio n  to w e rs , e ig h t  fla sh  tanks, carb on  a d sorp tio n  sy s te m , a re g en era tio n  u n it, an incin erator , and  
ab so rp tio n  co lu m n . T h e eq u ip m en t p rice  v a lu e s  is  fou n d  in P eters e t  a l ,  2 0 0 3 ,  and  H u n ter e t  a l ,  2 0 0 0  
and u s in g  C h em ica l E n g in ee r in g  p lan t c o s t  in d ex' to  u p d ate th e  p rice.

R eactors
S ta in le ss  s te e l w a s  s e le c te d  m aterial u se d  for  a ll o f  th e  reactors. O x y ch lo r in a tio n  reactor  

(R X 2 )  w a s  trea ted  as p lu g  f lo w  tu b u lar reactors (P F T R ) c o n sid e r e d  sh e ll and  tu b e h ea t ex ch a n g ers . 
T h e cra ck in g  reactor (P Y R O ) w a s treated  a fu rn ace. T h e d u ty  o f  th e  reactor is  u sed  to  d eterm in e  the  
co st.
Table D1 R ea cto r  C o st

N a m e T y p es C o st (ร )  
(J a n 2 0 0 2 ) C o st R e fe ren c e C o st (ร )  

(A u g 2 0 0 4 )

RX 1 C S T R 2 ,2 3 5 ,0 0 0 F ig . 1 2 -5 2 , 
P eters  e t  a l ,  2 0 0 3 2 ,3 0 3 ,6 9 9

R X 2 P FT R 6 0 ,0 0 0 F ig .1 4 -1 7 , 
P eters  e t  a l ,  2 0 0 3 6 1 ,8 4 4

P Y R O C rack in g 4 4 0 ,0 0 0 F ig . 1 4 -3 7 , 
P eters e t  a l ,  2 0 0 3 4 5 3 ,5 2 5

D is t illa t io n  C o lu m n
T ray ty p e  se le c te d  is s ie v e  tray w ith  tray sp a c in g  o f  2 4  in  b e c a u se  th is  ty p e  is  su ita b le  for  

h ig h  p ressu re  and  h ig h  liq u id  f lo w  rate op era tin g  co n d it io n s  w h en  th e  c o lu m n  d ia m eter  is large. S ie v e  
trays are th e  c h o ic e  in m a n y  d is tilla tio n  sep a ra tio n s s in c e  its tray fu n d a m en ta ls  are w e ll  e s ta b lish ed , 
en ta ilin g  lo w  risk . In ad d ition , the trays are lo w  in c o s t  re la tiv e  to  m an y  o th er tray ty p es  w h ile  
h a n d lin g  w id e  v a r ia tio n s  in f lo w  rates. U s in g  th e  correla tio n  o f  c o lu m n  d ia m eter  to  c o s t  per tray from  
F ig u re  15 -13  in  P eters  e t  a l ,  2 0 0 3 , th e  co st  o f  th e  d istilla tio n  c o lu m n s  w a s  estim a ted .

C h em ica l E n g in ee r in g , N o v e m b e r  2 0 0 3 ,  p. 124.
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Table D2 D ist illa t io n  C o lu m n  C o st

P aram eters D is t illa t io n
C o l 1 C o l 2 C o l 3 C o l 4

N u m b er  o f  T ray 15 2 8 4 0 18
D ia m eter  (m ) 0 .1 2 6 2 .91 1.08 1.20

H e ig h t (m ) 1 3 .0 4 2 0 9 7 2 8 .2 9 1 4 .8 7
P u rch ased  &  In sta lled  co st  ($ /tray) 3 0 0 1 ,3 0 0 5 0 0 5 0 0

Q u a n tity  factors 1.25 1 0 .9 7 1.1
P u rch ased  &  In sta lled  c o s t  (ร )  (J a n 2 0 0 2 ) 5 ,6 2 5 3 6 ,4 0 0 1 9 ,4 0 0 1 4 8 5 0
P u rch ased  &  In sta lled  c o s t  (ร )  (A u g 2 0 0 3 ) 5 7 9 8 3 7 ,5 1 9 1 9 ,9 9 6 8 ,9 9 8

H eat In tegra tio n  D e s ig n  and  H eat E x ch a n g er  C o st
H eat In tegration  D e sig n : T h e V C M  p lan t p ro cess  d e s ig n  in c lu d in g  a h ea t-in teg rated  n etw ork  

a ssu m es  a m in im u m  ap p roach  tem perature (A T m) o f  10 °c for  e f f ic ie n t  heat e x c h a n g e . B a sed  n o  the  
stream  data and  the tem perature targets are required  for the p ro cess , and a ta b le  ca sca d e  w a s  
co n stru cted  to  fin d  the m in im u m  u tilities  b y  u s in g  the p in ch  m eth o d . T h ese  u tilities  in c lu d e  a ll h eat  
ex ch a n g ers , a ll o f  th e  c o lu m n  reb o ilers and  th e  co lu m n  co n d en sers . T h e h eat ca p a c ity  data for th e  
in d iv id u a l stream s is  g iv e n  in  T ab le  D 2  to set up the grand c o m p o s ite  cu rve  for  th e  sy s te m  (se e  F igu re  
D l ) .
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Table D3 D a ta  for  th e  h ea t e x ch a n g er  n etw o rk  in the v in y l ch lo r id e  c a se  stu d y

Stream D escr ip tio n
T in
(°C )

T ou t
(°C )

F
(MM BTU/hr/°C)

E l - 6 0 2 5 0 .0 5 2

E2 - 3 1 0 2 5 0 .0 4 6

E3 - 9 0 2 5 0 .2 4 4

E5 - 160 9 0 1.721

C l- C C o n d en ser  o f  the C O L 1 1 5 2 .2 9 4 .7 0 .0 0 6

C 2 -C C o n d en ser  o f  th e  C O L 2 1 4 5 .7 1 3 6 .8 4 .2 1 3

C 3 -C C o n d en ser  o f  the C O L 3 -31 -3 1 .2 2 9 .2 7

C 4 -C C o n d en ser  o f  th e  C O L 4 3 6 .5 3 6 .3 6 7 .6 1

E 4 - 137 2 0 0 0 .4 3 7 4

C l- R R eb o iler  o f  th e  C O L 1 2 0 3 2 0 3 .7 1 8 .8 7 6

C 2 -R R e b o iler  o f  th e  C O L 2 158 .3 1 6 2 .2 7 .7 7 7 3

C 3 -R R e b o iler  o f  th e  C O L 3 6 9 .8 7 2 .8 2 .3 2 0 6

C 4 -R R eb o iler  o f  th e  C O L 4 154 .3 155 1 8 .4 7 7

F rom  the grand c o m p o s ite  cu r v e  (F ig u re  D l ) ,  th e  m in im u m  h ot u tility  is  7 1 .4 9  M M B T U /h r , 
and m in im u m  c o ld  u tility  is 1 8 8 .9  M M B T U /h r . T h e p in ch  tem p eratu re is eq u a l to  1 6 0 ° c ,  T h e o v e ra ll 
en e rg y  req u irem en ts  o f  th e  p lan t o f  a ll eq u ip m en t red u ced  from  149 .11  to  104 .61  M M B T U /h r  for  the  
h o t u tility , and  red u ced  from  2 0 8 .4 2  to  1 6 3 .9 2  M M B T U /h r  for  the c o ld  u tility  w h ich  th e  heat 
ex c h a n g e r  n etw o rk  for  the p ro cess  stream s p resen t in F igu re  D 2 .

T h e F igu re  D 2  s h o w s  the o p tim a l h eat ex ch a n g er  n etw o rk . T h e in term ed ia te  u tilit ie s  (c h ille d  
w a ter, steam  an d  w a ter) w e re  n ot co n sid e red  as p ro cess  stream s. N in e  h o t stream s (E 1 -E 3 , E 5, C l- C ,  
C 2 -C , C 3 -C , C 4 -C , h o t s tea m ) and e ig h t  c o ld  stream s (E 4 , C l- R ,  C 2 -R , C 3 -R , C 4 -R , c h ille d  w ater, 
p ro p an e and w a ter) w e re  in c lu d ed  in th e  netw ork .
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Grand Composite Curve

Figure D1 G rand C o m p o s ite  C u rve.
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Figure D2 H ea t e x c h a n g e  n etw ork  for  th e  p ro cess  stream s.

H eat E x ch a n g er  C o s t: T h e ov era ll heat-tran sfer c o e f f ic ie n ts  ( บ d ) w a s  a ssu m e  from  th e  hot 
and co ld  flu id  u sed  for ea ch  h ea t e x ch a n g er  (P eters  e t  a l ,  2 0 0 3 ) .  T o  e stim a te  the c o sts  o f  heat 
ex ch a n g ers , th e  co rrela tio n  o f  su rface  area to  p u rch ase  co st  from  F ig u re  1 4 -1 7  in P eters e t  a l ,  2 0 0 3  
w a s  u sed . F rom  F igu re  D 2 , T h e h eat ex ch a n g er  co st  is eq u a l to  $ 4 1 9 ,5 7 6 .

F lash  Tank C o st
U s in g  the graph o f  ca p a c ity  o b ta in ed  from  the liq u id  f lo w  rate le a v in g  the v e s s e l  to  

p u rch ased  co st  from  F ig u re  12 -52  in P eters e t  a l ,  2 0 0 3 , the c o s ts  o f  the flash  tanks w a s  estim a ted .
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Table D3 F lash  T an k  C o st

N a m e
L ea v in g  o f  

L iq u id  F lo w  
R ate (ft3/hr)

R e sid e n c e  
t im e  (hr) V o lu m e  (ft3) C o st  (ร )  

(J a n 2 0 0 2 )
C o st (ร )  

(A u g 2 0 0 3 )
D C -F L A S H 1 1 0 4 .4 2 0 .0 8 9 2 .0 4 2 .61 1 6 ,0 0 0

O X Y -F L A S H 4 4 0 .3 0 0 .0 8 3 6 .6 9 1 .04 1 0 ,0 0 0
F L S 3 1 4 8 6 .0 8 0 .0 8 1 2 3 .8 4 3 .51 1 9 ,0 0 0
F L S 4 2 2 0 9 .4 0 0 .0 8 1 8 4 .1 2 5.21 2 4 ,0 0 0
F L S 5 1 2 3 6 0 .1 7 0 .0 8 1 ,0 3 0 .0 1 2 9 .1 7 6 0 ,0 0 0
F L S 6 1 1 8 7 3 .1 9 0 .0 8 9 8 9 .4 3 2 8 .0 2 6 0 ,0 0 0
F L S 7 2 2 5 7 .5 8 0 .0 8 1 8 8 .1 3 5 .3 3 2 4 ,0 0 0

D C -C A U S 9 .6 5 0 .0 8 0 .8 0 0 .0 2 2 ,9 0 0

In cin eration  U n it
In cin eration  sy s te m  is trea tm en t unit to  e lim in a te  or red u ce  v a p o r  and  liq u id  b y p ro d u ct  

b e fo r e  re lea se  to  th e  a tm o sp h ere . T h e c o s t  o f  in c in eration  u n it can  b e  e stim a ted  b y  u s in g  a p a ck a g e  
recu p era tiv e  th erm a l in c in eration  sy s te m  m eth o d  d escr ib ed  in H unter e t  a l ,  2 0 0 0  and sh o w n  in 
A p p e n d ix  B . T h e  c o s t  o f  in c in eration  un it w a s  o b ta in ed  form  th e  f lo w  rate o f  g a s e s  after co m b u stio n . 
Table D4 In cin eration  unit co st

In cin eration  U n it

F lo w  rate o f  g a s e s  after co m b u stio n (ft3/m in ) 2 8 8 ,3 3 7 .7
C o st o f  In cin eration  sy s te m  (ร , 1 9 8 8 ) 9 6 1 ,0 6 3

C o st o f  In cin eration  sy s te m  (ร , A u g 2 0 0 3 ) 1 ,1 2 7 ,0 0 0

C arbon  A d so r p tio n  C o lu m n  and R eg en e ra tio n  U n it
W a stew a ter  w a s  treated  b y  ca rb on  ad sorp tio n  sy s te m . U s in g  th e  co rre la tio n  o f  the ca p a c ity  o f  

s e w a g e  to  p u rch a sed  c o s t  o f  ca rb on  ad sorp tio n  from  F ig u re  B -8  in P eters e t  a l ,  2 0 0 3 ,  the c o s t  o f  the  
in c in eration  unit w e r e  estim a ted .
Table D5 C arbon ad sorp tio n  co lu m n  and reg en era tio n  co st

C arbon  A d so rp tio n  S y stem
C a p a city  o f  w a ste  w a ter  (m 3/s ) 0 .0 1 2 8 9

C o st (ร , J a n 2 0 0 2 ) 7 2 0 ,2 3 6
C o st (ร , A u g 2 0 0 3 ) 7 4 2 ,3 7 4

A b so r p tio n  S y stem
A b so r p tio n  sy s te m  is u sed  to  re m o v e  co n ta m in a n ts  in th e  p lant ex h a u st b e fo r e  it is  re lea se  

in to  th e  a tm o sp h ere . T h e co st o f  ab sorp tio n  un it can b e estim a ted  b y  u s in g  a m eth o d  d escr ib ed  in 
H u n ter e t  a l ,  2 0 0 0 ,  and  is co n sid e red  to  b e accu ra te to  w ith in  30%  sh o w n  in A p p e n d ix  B.
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T a b le  D 6  A b so r p tio n  sy s te m  co st

A b so r p tio n  S y stem

D ia m eter  o f  the co lu m n  (ft) 12 .1 8

T h e total p a c k in g  h e ig h t (ft) 7 .4 6 2

T h e tota l c o lu m n  su rfa ce  area (ft2) 1 2 1 6 .7 4

C o st (ร , th e  th ird-quarter 1 9 9 1 ) 1 3 9 ,9 2 5

C o st (ร , A u g u st  2 0 0 3 ) 1 5 5 ,7 1 3

Financial and Environmental Risk Curves

M a ss an d  e n e r g y  in fo rm a tio n  o b ta in in g  from  th e  p r o c e ss  sim u la to r  ProII p ro v id e  fin a n c ia l 
and en v iro n m en ta l r isk s b y  u s in g  th e  G A M S  p rogram  to  create  scen a r io s . T h e k e y w o r d  input f i le  o f  
ProII and  G A M S  p ro gram  for  V C M  p lan t is sh o w n  in A p p e n d ix  F.

T h e resu lt from  G A M S  p rogram  is sh o w n  in T a b le  D 7  w h ic h  is se t  th e  n u m b er o f  scen a r io s  
o f  1 0 0 0  scen a r io s . T h is  data is m a n ip u la ted  to  set up N P W  h isto g ra m  and  its r isk  an d  E l h istogram  
and its r isk s in F igu re  D 3 , and F igu re  D 4 , re sp e c tiv e ly .
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Table D 7  T h e resu lt from  G A M S  program

Financial Environmental

NPW  (ร) Frequency Cumulative
% (EIU/ton o f  VCM ) Frequency Cumulative

% Risk %
-381 ,950 ,000 1 .10% 4.0076 1 .10% 99.90%
-354,489,871 0 .10% 4.12459677 0 .10% 99.90%
-327 ,029 ,742 0 .10% 4.24159355 2 .30% 99.70%
-299,569,613 4 .50% 4.35859032 3 .60% 99.40%
-272 ,109 ,484 2 .70% 4.4755871 6 1.20% 98.80%
-244 ,649 ,355 3 1.00% 4.59258387 5 1.70% 98.30%
-217 ,189 ,226 6 1.60% 4.70958065 16 3.30% 96.70%
-189 ,729 ,097 8 2.40% 4.82657742 24 5.70% 94.30%
-162 ,268 ,968 8 3.20% 4.94357419 31 8.80% 91.20%
-134 ,808 ,839 16 4.80% 5.06057097 37 12.50% 87.50%
-107 ,348 ,710 14 6.20% 5.17756774 61 18.60% 81.40%
-79,888,581 25 8.70% 5.29456452 49 23.50% 76.50%
-52,428 ,452 27 11.40% 5.41156129 69 30.40% 69.60%
-24,968,323 37 15.10% 5.52855806 92 39.60% 60.40%

2,491 ,806 53 20.40% 5.64555484 86 48.20% 51.80%
29,951 ,935 67 27.10% 5.76255161 60 54.20% 45.80%
57,412,065 63 33.40% 5.87954839 67 60.90% 39.10%
84,872 ,194 66 40.00% 5.99654516 63 67.20% 32.80%
112,332,323 96 49.60% 6.11354194 56 72.80% 27.20%
139,792,452 90 58.60% 6.23053871 49 77.70% 22.30%
167,252,581 75 66.10% 6.34753548 56 83.30% 16.70%
194,712,710 65 72.60% 6.46453226 30 86.30% 13.70%
222,172,839 70 79.60% 6.58152903 32 89.50% 10.50%
249 632,968 48 84.40% 6.69852581 30 92.50% 7.50%
277,093,097 45 88.90% 6.81552258 17 94.20% 5.80%
304,553,226 36 92.50% 6.93251935 14 95.60% 4.40%
332,013,355 21 94.60% 7.04951613 15 97.10% 2.90%
359,473,484 21 96.70% 7.1665129 10 98.10% 1.90%
386,933,613 11 97.80% 7.28350968 10 99.10% .90%
414,393,742 13 99.10% 7.40050645 5 99.60% .40%
441,853,871 4 99.50% 7.51750323 2 99.80% .20%

More 5 100.00% More 2 100.00% .00%

E(NPW ), ร =  110,765,996
ร. D . , $ =  138,471,273

E(EI), EIU/ton o f  VCM  =  5 75
ร .D .= 0.62
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Figure D3 N P W  h isto g ra m  and  fin a n c ia l risk.

Environmental Risk ! า Probability 
—X—Risk

Elu (EIU / ton of VCM)

Figure D4 E n v iro n m en ta l im p act h istogram  and  en v iro n m en ta l risk.
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A  su m m a ry  o f  th eir  m e th o d o lo g y  for d eterm in in g  th e se  param eters w o u ld  b e p resen ted
here.
G lo b a l a tm o sp h er ic  im p act ca te g o r ie s

T h e G W P  is d eterm in ed  b y  co m p a rin g  th e  ex te n t  to  w h ic h  a u n it m a ss  o f  a ch e m ica l  
ab sorb s infrared rad iation  o v e r  its a tm o sp h er ic  l ife tim e  to  th e  e x te n t  that C 0 2 ab sorb s infrared  
rad iation  o v er  its re sp e c tiv e  life tim es . T h e h a lf - liv e s  o f  ea ch  o f  th e se  c h e m ic a ls  w a s  factored  in to  the 
c a lcu la tio n  for d eter m in in g  th e  G W P . S in c e , c h e m ic a ls  h a v e  d iffere n t a tm o sp h er ic  h a lf - liv e s  the  
len gth  o f  tim e o v e r  w h ich  th e  c o m p a r iso n  is m ad e w ill ch a n g e  th e  G W P  o f  a ch e m ica l. F or the  
d atab a se , 100 y e a rs  w a s  c h o se n  as the b a se  tim e  fram e.

T h e O D P  is d eterm in ed  b y  co m p a r in g  th e  rate at w h ic h  a u n it m a ss  o f  c h e m ic a l reacts w ith  
o z o n e  to  form  m o lec u la r  o x y g e n  to  th e  rate at w h ic h  a u n it m a ss  o f  C F C -1 1 (tr ich lo r o flu o ro m eth a n e)  
reacts  w ith  o z o n e  to  form  m o lec u la r  o x y g e n .

For a c h e m ic a l to  h a v e  O D P  it m u st e x is t  in the a tm o sp h ere  lo n g  en o u g h  to reach  the  
stra tosp h ere , it, a lso , m ust co n ta in  a ch lo r in e  or b ro m in e atom .

T h e P C O P  or s m o g  form ation  p o ten tia l is d eterm in ed  b y  co m p a r in g  th e  rate at w h ich  a unit 
m a ss  o f  c h e m ic a l reacts w ith  a h y d r o x y l rad ica l (O H  ) to  th e  rate at w h ich  a u n it m a ss  o f  e th y le n e  

reacts  w ith  O H -.
T h e A P  or ac id  rain p oten tia l is d eterm in ed  by co m p a rin g  the rate o f  re lea se  o f  H + in the  

a tm o sp h er e  as p ro m o ted  by a ch e m ica l to  th e  rate o f  re lea se  o f  H + in th e  a tm o sp h ere  as p ro m oted  b y
so2.

T h e v a lu e s  reported  b y D a v is  e t  a l  (1 9 9 4 )  d eterm in e the ch e m ic a l p o ten tia l en v iro n m en ta l  
im p a c ts  o f  th ese  fou r  ca te g o r ie s .
L o c a l to x ic o lo g ic a l  im p act ca teg o r ie s

T w o  c a te g o r ie s  w e re  u sed  to  e stim a te  the p o ten tia l for hum an to x ic ity :  in g e st io n  and  
in h a la tio n /d erm a l ex p o su re . T h e se  tw o  c a te g o r ie s  w e re  u sed  to  e stim a te  to x ic ity  p o ten tia l b e c a u se  
th ey  co n sid e red  a ll o f  the prim ary ro u tes o f  ex p o su re  o f  a c h e m ic a l. A s  a g en era l ru le , H T PI w ere  
c a lcu la ted  for a c h e m ic a l i f  it e x is te d  as a liq u id  or so lid  at a tem p eratu re o f  0°c and atm osp h er ic  
p ressu re , and an e x p o su re  p o ten tia l, H T P E , w a s  d eterm in ed  for that c h e m ic a l i f  it e x is te d  as a g a s  at 
th o se  c o n d it io n s . S o m e  c h e m ic a ls , h o w ev e r , w e re  a s s ig n e d  v a lu e s  for b oth  c a te g o r ie s  i f  it w a s  
w arranted .

A s  a first a p p ro x im a tio n , th e  le th a l-d o se  that p ro d u ced  death  in 50%  o f  rats b y  oral in g estio n  
(L D 50) w a s  u sed  as an e stim a te  for  th e  H T P I. T h e v a lu e  w a s  c h o se n  b ec a u se  o f  its p re v a le n ce  in the  
literature and a c c ep ta n c e  as a standard to x ic ity  in d icator. B y  in sp ec tio n  o f  th is sc a le , it is q u ite  
apparent that a c h e m ic a l w ith  a h ig h er  L D 50 rep resen ts  a c h e m ic a l w ith  lo w e r  to x ic ity . This sc a le  is 
in verted  from  th e  m an n er in w h ich  the W A R  a lgo rith m  is p resen ted  w h ere  a h ig h er  sco re  rep resen ts a 
greater p o ten tia l en v iro n m en ta l im pact.

Appendix E Potential environmental impact.
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T h is in v e rs io n  a ss ig n s  sc o r e s  to  c h e m ic a ls  in the d atab a se  so  that the m o re  to x ic  c h e m ic a ls  
h a v e  h ig h e r  sc o r e s  w h ich  fo llo w  w ith  th e  c o n c e p ts  o f  th e  W A R  a lgo rith m . T h is  in v ers io n  a lso  
m ain ta in s a p ro p o rtio n a l re la tio n sh ip  b e tw e e n  ch e m ic a ls . F or e x a m p le , a c h e m ic a l w ith  an L D 5 0  o f  
2 0 0  m g /k g , p ro d u cin g  a (Score)HTPi =  0 .0 0 5 , is co n sid e red  to  b e tw ic e  as harm fu l as a c h e m ic a l w ith  
an L D 5 0  o f  4 0 0  m g /k g , p ro d u cin g  a (S c o r e )HTP1 =  0 .0 0 2 5 . T h e  T T P  w a s a lso  es tim a ted  u s in g  th is  sam e  
rat-oral L D 5 0  data in e x a c tly  th e  sa m e m anner.

T o  e stim a te  the H T P E , t im e -w e ig h te d  a v e ra g es  (T W A ) o f  the th resh o ld  lim it v a lu e s  (T L V )  
w e re  u sed . T h ese  v a lu e s  w e re  o b ta in ed  from  O S H A , A C G IH , N IO S H  and rep resen t o c cu p a tio n a l 
sa fe ty  e x p o su re  lim its. T h is w a s  co n sid e red  to  b e an ad eq u a te  m ea su r in g  s tic k  for co m p a riso n  o f  
c h e m ic a ls  that w o u ld  p o s e  a threat to  hu m an  hea lth  th rou gh  in h a la tio n  and  d erm al ex p o su re  rou tes. 
R e ca ll, o n ly  a re la tiv e  co m p a riso n  w ith in  c a te g o r ie s  is n e e d e d  for  th is m e th o d o lo g y . A g a in , th ese  
v a lu e s  w ere  in v erted  to  m aintain  th e  prop er re la tio n sh ip s  w ith in  th e  d atab ase . T h e se  estim a tio n s  o f  
h u m an  to x ic ity  p o ten tia l sh o u ld  b e  c o n sid e r e d  to  b e  a first-ord er  ap p ro x im a tio n  o n ly . H o w e v e r , for  
the tim e  b e in g  the L D 5 0  v a lu es  w ill  b e  u sed  to  p ro v id e  a r e la tiv e  to x ic ity  co m p a r iso n  for  both  hum an  
and terrestrial en tit ies . T h e A T P  w a s estim a ted  b y  u s in g  to x ic o lo g ic a l  data  for a  s in g le ,  rep resen ta tive  
s p e c ie s  o f  fish . T h e data for th is a ssa y  c o m e s  in the form  o f  a L C 5 0 , a leth a l co n cen tra tio n  w h ich  
c a u se s  d eath  in 50%  o f  the test sp e c im e n s . T h e data u sed  in th is  d atab a se s p e c if ic a lly  c o m e s  from  9 6  
h, L C 5 0  ex p er im e n ts .

T a b les  E l and E 2 sh o w  the v a lu e s  o f  ch e m ic a l k  on  s o m e  arbitrary s c a le  for  ca te g o ry  1 and  
th e  s p e c if ic  p o ten tia l en v iro n m en ta l im p act o f  c h e m ica l k for im p act ca te g o ry  I, r e sp e c t iv e ly , w h ich  is 
u sed  as re feren ce  v a lu e  to ca lcu la te  en v iro n m en ta l im p act o f  d e s ig n s .

Table El T h e v a lu e  o f  ch e m ica l k  on  so m e  arbitrary sc a le  for  ca te g o ry  1

C h e m ic a ls
, k

( S c o r e )  k11

G W P O D P A P P C O P
H T P I,
T T P H T P E A T P

1/L D 50 1 /T L V l/LCfish50
E th y len e 1.00E+00 7.14E-02
C h lo r in e 2.00E +00 2.94E +00

E D C 2.10E -02 1.49E-03 1.00E-01 7.35E-03
V C M 2.10E -02 2.00E-03 2.00E-01 6.99E-03
T C E 1.00E+02 1.20E-01 2.10E -02 1.77E-04 2.00E -02 2.27E -02
HC1 8.80E-01 2.00E-01 5.26E -02
S O , 1 00E +00 5.00E-01
C O , 1.00E+00 2.00E -04

( ( S c o r e )  k )  1 5.05E+01 1.20E-01 9.40E-01 2.66E-01 1.22E-03 4.31E-01 5.17E-01
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Table E 2 T h e s p e c if ic  p oten tia l en v iro n m e n ta l im p act o f  c h e m ic a l k for  im p act ca te g o ry  1

C h e m ic a ls , k f a  (E IU /to n  o f  V C M )
E th y len e 0 0 0 3 .7 6 2 9 3 5 0 0 0 .1 3 8 1 4 6
C h lorin e 0 0 0 0 0 4 .6 3 5 4 5 5 5 .6 8 8 3 6 1

E D C 0 0 0 0 .0 7 9 0 2 2 1 .2 2 0 2 1 5 0 .2 3 1 7 7 3 0 .0 1 4 2 2 1
V C M 0 0 0 0 .0 7 9 0 2 2 1 .6 3 5 0 8 7 0 .4 6 3 5 4 5 0 .0 1 3 5 2 5
T C E 1 .9 8 0 1 9 8 1 0 0 .0 7 9 0 2 2 0 .1 4 4 6 9 8 0 .0 4 6 3 5 5 0 .0 4 3 9 5 6
HC1 0 0 9 .3 6 E -0 1 0 0 0 .4 6 3 5 4 5 0 .1 0 1 7 9 2
so2 0 0 1 .0 6 E + 0 0 0 0 1 .1 5 8 8 6 4 0
co2 0 .0 1 9 8 0 2 0 0 0 0 0 .0 0 0 4 6 4 0
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Appendix F Keyword input fde for the VCM plant.

K eyw ord In p u t File o f P ro II P rogram

ร G e n e r a te d  b y  P R O /I I  K e y w o rd  G e n e ra t io n  S y s te m  e v e r s io n  5 . 6 1>
ร G e n e r a te d  o n : T h u  M a r  2 5  1 7 :4 2 :5 7  2 0 0 4  
T IT L E  D A T E = 0 9 /2 3 /0 3

D IM E N S IO N  E N G L IS H , T E M P = C , P R E S = P S IG
S E Q U E N C E  S IM S C I  

C O M P O N E N T  D A T A
L IB ID  1 ,E T H Y L E N E /2 ,C L 2 /3 ,E D C /4 ,C C L 4 /5 ,C H C L 3 /6 ,C H 3 C L /7 ,C H 4 /  &

8 ,D C L M E T H N /9 ,C O /1 0 ,C O 2 /l  1 ,C 2 C L 4 /1 2 ,C 2 C L 6 /1 3 ,C 2 H C L 3 /1 4 ,C 2 H C L 5 /  &
15 ,C 2 H 2 /1 6 ,1 2 D C L E T T /1 7 ,1 1 D C L E T E /1 8 , 1 2 D C L E T C /1 9 ,C 2 H 2 C L 4 /  &
2 0 ,H 2 C 2 C L 4 /2 1, V C M /2 2 ,1 1 2 T C L E T /2 3 ,1 1 1 T C L E T /2 4 ,1 1 D C L E T H / &  
2 5 ,C 2 H C L 3 0 /2 6 ,V A C /2 7 ,C L E T H A N E /2 8 ,P R 0 P D I E N /2 9 ,P R O P E N E / &
3 0 ,2 C L 1 3 B D /3  L 1 3 B U T D /3 2 ,B E N Z E N E /3 3 ,H C L /3 4 ,0 2 / 3 5 ,N 2 / 3 6 ,H 2 0 /  &  
3 7 ,T C L E T H L N /3 8 ,H 2  

T H E R M O D Y N A M I C  D A T A
M E T H O D  S Y  S T E M - S R K , K V A L (V L E )= S R K M , D E N S IT Y (L )= R C K  1, S E T = 2 , D E F A U L T  

K V A L (V L E )
S R K M  3 ,4 ,0 .0 1 7 0 7 2 ,0 .1 4 7 4 8 2 ,8 .7 4 9 3 ,-4 0 .8 5 6 8 ,0 ,0 ,1 ,1  
S R K M  3 ,5 ,0 .0 9 7 2 5 4 ,-0 .0 1 0 0 0 4 ,-2 9 .4 8 1 5 ,2 .9 5 6 5 ,0 ,0 ,1 ,1  
S R K M  3 ,1 3 ,-0 .0 4 5 4 2 1 ,0 .0 4 7 9 6 ,2 4 .2 1 9 8 ,-6 .5 5 9 2 ,0 ,0 ,1 ,1  
S R K M  3 ,2 1 ,0 .0 4 7 5 3 5 ,-0 .0 2 9 7 2 ,-6 .5 8 7 6 ,1 1 .4 5 2 6 ,0 ,0 ,1 ,1  
S R K M  3 ,2 4 ,0 ,0 .0 0 0 4 3 3 ,0 ,-4 .1 1 7 ,0 ,0 ,1 ,1  
S R K M  3 ,3 2 ,0 .0 1 4 7 3 3 ,0 .0 3 9 9 9 4 6 ,- 5 .0 2 5 8 ,- 1 3 .9 2 ,0 ,0 ,1 ,1  
S R K M  3 ,3 3 ,-0 .0 9 3 4 1 5 ,-0 .0 9 5 8 6 6 ,1 6 .8 1 4 6 ,1 1 .1 9 4 4 ,0 ,0 ,0 .9 6 5 ,0 .9 1 6  
S R K M  4 ,5 ,0 .0 1 9 1 6 4 ,0 .0 0 4 2 9 8 ,- 3 .2 1 6 7 ,0 .6 7 1 1 ,0 ,0 ,1 .1 7 3 8 5 ,0 .0 7 9 7 8  
S R K M  4 ,8 ,0 .0 7 2 8 0 3 ,- 0 บ 4 6 3 5 8 ,-1 5 .0 1 0 6 ,5 2 .9 6 1 5 ,0 ,0 ,1 .4 4 0 8 1 ,  &

S R K M  4 ,3 2 ,-0 .0 0 4 9 8 7 ,0 .0 0 7 7 3 8 ,3 .3 9 2 1 ,- 0 .3 9 7 3 ,0 ,0 ,1 ,1  
S R K M  4 ,3 6 ,0 .4 3 9 3 ,-0 .1 2 0 6 ,0 ,0 ,0 ,0 ,1 ,1  
S R K M  5 ,1 6 ,0 .0 0 2 9 3 ,- 4 .7 1 2 8 E -5 ,- 0 .1 7 6 0 5 ,0 .3 9 3 4 5 ,0 ,0 ,1 ,1  
S R K M  5 ,2 4 ,0 .0 5 1 7 4 1  ,-0 .0 6 1 0 2 2 ,-1 8 .7 3 0 3 ,1 8 .4 1 6 6 ,0 ,0 ,1 ,1  
S R K M  5 ,3 2 ,-0 .0 8 9 1 1 9 ,-0 .0 3 1 9 7 1 ,2 1 .2 9 3 7 ,4 .1 6 5 2 ,0 ,0 ,1 .1 4 4 9 2 ,  &

S R K M  5 ,3 6 ,0 .2 7 0 3 ,-0 .0 6 4 1 ,0 ,0 ,0 ,0 ,1 ,1
S R K M  8 ,1 3 ,0 .0 0 5 4 3 4 ,-0 .0 1 8 6 1 8 ,-0 .3 3 9 ,5 .0 3 3 2 ,0 ,0 ,1 ,1
S R K M  1 6 ,3 6 ,0 .2 2 5 5 ,-0 .0 7 9 ,0 ,0 ,0 ,0 ,1 ,1
S R K M  2 1 ,3 3 ,-0 .0 0 8 7 5 2 ,0 .0 1 1 0 3 8 ,1 .7 8 9 ,- 4 .3 0 7 1 ,0 ,0 ,1 .1 0 5 3 ,0 .9 3 7 8 9  
S R K M  2 2 ,3 6 ,0 .1 9 1 7 ,-0 .1 2 5 1 ,0 ,0 ,0 ,0 ,1 ,1  
S R K M  2 4 ,3 6 ,0 .2 4 2 9 ,-0 .1 1 7 1 ,0 ,0 ,0 ,0 ,1 ,1

M E T H O D  S Y S T E M = S R K , D E N S I T Y ( L ) = R C K 1 , S E T = 3  
W A T E R  D E C A N T = O N , S O L U B IL IT Y = S IM S C I ,  P R O P E R T Y = S A T U R A T E D  

S T R E A M  D A T A
P R O P E R T Y  S T R E A M = O X Y C , T E M P E R A T U R E = 3 10, P R E S S U R E = 5 7 .8 2 3 ,  P H A S E = M , &  

R A T E ( M ) = 2 1 2 .0 2 5 , C O M P O S lT I O N ( M )=  1 ,0 .0 1 2 8 1 2 /3 ,0 .4 6 1 7 2 6 / &
2 2 ,0 .0 2 5 3 6 5 /3 3 ,0 .0 0 0 2 5 8 9 8 4 /3 4 ,6 .4 7 4 6  l E -5 /3 6 ,0 .4 9 9 7 7 3 , &
N O R M A L IZ E

P R O P E R T Y  S T R E A M = R A W -D IR , T E M P E R A T U R E = 3 0 , P R E S S U R E = 5 5 4 .2 4 ,  P H A S E = M , &  
R A T E ( M )= 1 7 0 0 , C O M P O S I T IO N ( M )=  1 ,0 .5 1 5 5 /2 ,0 .4 8 4 5

P R O P E R T Y  S T R E A M = W T R 1 , T E M P E R A T U R E = 3 0 , P R E S S U R E S ,  P H A S E = M , &  
R A T E (M )= 5 3 5 2 , C O M P O S I T IO N ( M )= 3 6 ,1 0 0 ,  N O R M A L IZ E

P R O P E R T Y  S T R E A M = P Y R O L Y S IS , T E M P E R A T U R E = 4 2 6 .8 5 ,  P R E S S U R E = 4 2 0 .4 2 ,  &  
P H A S E = M , R A T E (W T )=  1 2 8 4 0 0 , C O M P O S I T I O N ( M ) = l ,1 .9 1 E - 5 /2 ,2 .4 8 E - 9 /&
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3 .0 .  2 0 7 /6 ,1 .3 9 E -6 /8 ,4 .6 E -8 /1 5 ,0 .0 0 0 3 0 6 /1 7 ,1 .4 4 E -6 /1 8 ,7 . 1 4 E -7 /&
2 1 .0 .  3 9 5 /2 2 ,1 .2 4 E - 1 1 /2 7 .2 .9 8 E - 7 /3 0 ,1.7 2 E - 1 4 /3 1 ,4 .5 5 E -8 /  &
3 3 .0 .  3 9 7 /3 7 ,1 .8 8 E -9 , N O R M A L IZ E

P R O P E R T Y  S T R E A M - E D C D , T E M P E R A T U R E = 6 0 , P R E S S U R E = 4 4 .0 8 8 , P H A S E = M , &  
R A T E ( M )= 8 4 9 .9 9 9 ,  C O M P O S I T I O N ( M ) = l ,0 .0 6 4 7 9 6 /2 ,0 .0 0 0 3 6 3 /  &
3 .0 .  9 2 5 6 8 1 /2 2 ,0 .0 0 4 5 8 /3 3 ,0 .0 0 4 5 8 ,  N O R M A L IZ E

P R O P E R T Y  S T R E A M = R A W -O X Y C , T E M P E R A T U R E = 3 0 , P R E S S U R E = 5 5 4 .2 4 , P H A S E = M , &  
R A T E ( M )= 9 8 6 .2 ,  C O M P O S I T I O N ( M ) = l ,0 .2 8 5 7 /3 3 ,0 .5 7 1 4 /3 4 ,0 .1 4 2 9  

N A M E  P Y R O L Y S IS ,F R O M  P Y R O L Y S IS /E D C D ,F ro m  D ire c t  C h lo r in a tio n  -C S T R  
N O T E S  S T R E A M  =  O X Y C , T E X T  =  d o  n o t  in p u t  c o m p o n e n t s - 3 6 ,3 4 ,1 0  

R X D A T A
R X S E T  I D = D IR E C T -C L  

R E A C T IO N  ID = R E A C 1  
S T O IC H I O M E T R Y  1 ,-1 /2 ,-1 /3 ,1
K IN E T I C S  P E X P ( C ,L B ,F T 3 ,P S I G ,H R ) S .1 3 2 ,  A C T I V A T I O N S ,  &

T E X P O N E N T S  
K O R D E R  1 ,1 /2 ,1  

R E A C T IO N  ID = R E A C 2  
S T O IC H IO M E T R Y  1 ,0 /2 ,-1  / 3 1-1 / 2 2 ,1 /3  3,1
K IN E T IC S  P E X P ( C ,L B ,F T 3 ,P S I G ,H R ) S .0 2 3 9 ,  A C T I V A T I O N S ,  &

T E X P O N E N T S  
K O R D E R  1 ,1 /2 ,2 /3 ,0  

U N IT  O P E R A T IO N S  
S T C A L C U L A T O R  U ID = O X Y -C A U S  

F E E D  O X Y C ,l  
O V H D  V = O X Y D  
B T M S  L = W S T 2  
F O V H D (M )  1 ,32,1 
F O V H D (M )  3 4 ,3 6 ,1  
F O V H D (M )  3 7 ,3 7 ,1  
F O V H D (M )  3 8 ,3 8 ,1  
F B T M S (M )  3 3 ,3 3 ,1  
O P E R A T IO N  S T O P = Z E R O  

C O N T R O L L E R  U I D S i X Y ,  N A M E = B a la n c e  o f  R X 2
S P E C  S T R E A M = O X Y c ,  R A T E (W T ,L B /H ) ,T O T A L ,W E T , D IV ID E , &

S T R E A M = R A W -O X Y C , R A T E (W T ,L B /H ) ,T O T A L , W E T , V A L U E = 1  
V A R Y  S T R E A M = O X Y C , R A T E (L B M /H )
C P A R A M E T E R  IP R IN T , N O S T O P  

H X  U ID = E 2 , N A M E = O X Y D  
H O T  F E E D = O X Y D , M = O X Y D 2  
O P E R  H T E M P = 2 5  

F L A S H  U ID = O X Y -F L A S H  
F E E D  O X Y D 2
P R O D U C T  V = V N T 2 , L = E D C 2  
IS O  T E M P E R A T U R E S 5 ,  P R E S S U R E = 6 0  

M IX E R  U ID = M I X 8 
F E E D  P Y R O L Y S IS ,Q 1 ,Q 2  
P R O D U C T  M = E F F 2

F L A S H  U ID = F L S 5 , N A M E = P O S T  F L A S H  1 
F F . F n  F F F 7
P R O D U C T  V = V F 5 , L = L F 5  
IS O  T E M P E R A T U R E = 1 6 0 , P R E S S U R E = 1 6 5  

S P L IT T E R  U ID = S P L 3 , N A M E = q u e n c h  sp lit 
F E E D  L F 5
P R O D U C T  M = Q 1 ,M = Q S P  
O P E R A T IO N  O P T I O N S I L L
S P E C  S T R E A M = Q S P , R A T E (L B M /H ) ,T O T A L ,W E T , V A L U E = 2 0 0 0
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"  แบ1! '1! 'ผ น )  V :; î . M V H ,
O P E R  H T E M P = 9 0  

F L A S H  U I D = F L S 6

PRODUCT
IS O  T E M P E R A T U R E = 9 0 , P R E S S U R E = 1 5 0  

H X  U ID = E 3
H O T  F E E D = V F 6 , M = V F 6 1  
O P E R  H T E M P = 2 5

F L A S H  U ID = F L S 7 , N A M E = P O S T  F L A S H 2  
F E E D  V F 6 1
P R O D U C T  V = V F 7 , L = L F 7  
IS O  T E M P E R A T U R E = 2 5 , P R E S S U R E S  4 0  

C O L U M N  U ID = C O L 3 , N A M E = H C L  C O L U M N  
P A R A M E T E R  T R A Y = 4 2 ,C H E M D IS T = 2 5  
F E E D  V F 7 ,1 8 /L F 7 ,2 2
P R O D U C T  O V H D ( M ) = T O P 3 ,1 0 0 0 , B T M S (M )= B T M 3 , S U P E R S E D E = O N  
C O N D E N S E R  T Y P E - P A R T , T E S T = -3 1  
D U T Y  1 ,1 /2 ,4 2
P S P E C  P T O P = 1 3 5 , D P C O L U M N =  10 
P R IN T  P R O P T A B L E = P A R T
E S T IM A T E  M O D E L = C O N V E N T I O N A L . R R A T IO (L )= 2 .5 ,  C T E M P = -3 1 , R T E M P = 9 0  
T E M P E R A T U R E  1 ,-3 1 /6 ,-3 1 /9 ,-2 5 /1 1 ,0 /1 3 ,2 0 /1 7 ,2 0 /2 4 ,2 2 /2 7 ,4 0 /&

3 5 ,7 8 /4 0 ,8 0 /4 2 ,9 0
S P E C  S T R E A M = T O P 3 ,P P M (W T ) ,  C O M P = 2 1 ,W E T , V A L U E = 1 0 0
S P E C  S T R E A M = B T M 3 ,P P M ( W T ) ,  C O M P = 3 3 ,W E T , V A L U E = 5
V A R Y  D U T Y = 1 ,2
V L L E C H E C K  C H E C K = O F F
R E B O IL E R  T Y P E = K E T T L E
M E T H O D  S E T = 2

C O L U M N  U ID = C O L 4 , N A M E = V C  C O L  
P A R A M E T E R  T R A Y = 2 0 ,C H E M D IS T = 1 0 0  
F E E D  B T M 3 ,7
P R O D U C T  O V H D ( M ) = T O P 4 ,2 0 0 0 ,  B T M S (M )= B T M 4 , S U P E R S E D E = O N  
C O N D E N S E R  T Y P E - B U B B  
D U T Y  1 ,1 /2 ,2 0
P S P E C  P T O P = 6 5 , D P C O L U M N = 1 0  
P R IN T  P R O P T A B L E = P A R T
E S T IM A T E  M O D E L = C O N V E N T I O N A L . R R A T IO (L )= 2 .5
T E M P E R A T U R E  1 7 ,1 4 0
S P E C  R R A T IO (M O ) , P H A S E = L , V A L U E = 0 .4 5
S P E C  T R A Y = 1 7 , T E M P E R A T U R E (C ) ,  V A L U E = 1 4 0
V A R Y  D U T Y = 1 ,2
V L L E C H E C K  C H E C K - O F F
R E B O IL E R  T Y P E = K E T T L E
M E T H O D  S E T = 2

C O N T R O L L E R  U ID = V C M -P R O , N A M E = V C M  c a p a c i ty
S P E C  S T R E A M = T O P 4 , R A T E ( W T ,T S /D ) ,T O T A L ,W E T , V A L U E = 8 2 1 .9  
V A R Y  S T R E A M = P Y R O L Y S IS , R A T E (L B M /H )
C P A R A M E T E R  IP R IN T , N O S T O P , IT E R = 5 0  

H X  U II)  E L  N A M E  F D C I )
H O T  F E E D = E D C D , M = E D C D 2  
O P E R  H T E M P = 2 5

C O N T R O L L E R  U ID = D IR , N A M E = B a la n c e  o f  RX1
S P E C  S T R E A M = E D C D , R A T E ( W T ,L B /H ) ,T O T A L ,W E T , D IV ID E , &

S T R E A M = R A W -D IR , R A T E ( W T ,L B /H ) ,T O T A L ,W E T , V A L U E = 1



V A R Y  S T R E A M = E D C D , R A T E (L B M /H )
C P A R A M E T E R  I P R IN T , N O S T O P  

F L A S H  บ  I D = D C -F L A S H , N A M E = D - C O L  o v  F L S  
F E E D  E D C D 2
P R O D U C T  V = V N T 1 , L = E D C E  
IS O  T E M P E R A  T U R E = 2 5 , P R E S S U R E = I3  

S T C A L C U L A T O R  U ID = D C -C A U S , N A M E = c a u s t ic  w a sh  
F E E D  E D C E ,1  
O V H D  L = E D C 1  
B T M S  L = W S T 1  
F O V H D (M )  1,1,1 
F O V H D (M )  3 ,3 2 ,1  
F O V H D (M )  3 4 ,3 6 ,1  
F O V H D (M )  3 7 ,3 7 ,1  
F O V H D (M )  3 8 ,3 8 ,1  
F B T M S (M )  2 ,2 ,1  
F B T M S (M )  3 3 ,3 3 ,1  
O P E R A T IO N  S T O P = Z E R O  

F L A S H  U ID = F L S 3 , N A M E = S a tu r a to r  
N O T E S  T E X T  =  w h y  V N T 3  =  n /a  
F E E D  E D C 1 ,E D C 2 ,W T R 1 
P R O D U C T  V = V N T 3 , L = E D C 4 , พ = W T R 2  
A D IA B A T IC  D P = 1  
M E T H O D  S E T = 3

M I X E R  U ID = M I X 6 , N A M E = E D C  F D  M IX  
F E E D  E D C 4 ,B T M 4  
P R O D U C T  M = E D C 5

C O L U M N  U I D = C O L l ,  N A M E = E D C  L T  C O L  
P A R A M E T E R  T R A Y = 1 7 ,C H E M D IS T = 5 0  D A M P IN G = 0 .7  
F E E D  E D C 5 ,2 ,S E P A R A T E
P R O D U C T  O V H D ( M ) = T O P l ,1 5 ,  B T M S (M )= B T M 1 , S U P E R S E D E = O N  
C O N D E N S E R  T Y P E - P A R T  
D U T Y  1 ,1 /2 ,1 7
P S P E C  P T O P = 1 8 5 , D P C O L U M N = 2 2  
P R IN T  P R O P T A B L E = P A R T  
E S T IM A T E  M O D E L = C H E M , R R A T IO (L )= 3
S P E C  S T R E A M = T O P l ,  R A T E (L B M /H ) , C O M P = 3 ,W E T , D IV ID E , S T R E A M = E D C 5 , &  

R A T E (L B M /H ) , C O M P = 3 ,W E T , V A L U E = 0 .0 0 1  
S P E C  R R A T IO (M O ) , P H A S E = L , V A L U E = 2 .1  
V A R Y  D U T Y - 1 ,2  
V L L E C H E C K  C H E C K = O F F  
M E T H O D  S E T = 2

M IX E R  U ID = M IX 7 , N A M E = H V Y  F D  M IX  
F E E D  B T M l .V A P P  
P R O D U C T  M = H V Y F  

C O L U M N  U ID = C O L 2 , N A M E = H V Y  C O L  
P A R A M E T E R  T R A Y = 3 0 ,IO  
F E E D  H V Y F ,1 7 /Q S P ,2 9
P R O D U C T  O V H D (M )= T O P 2 , B T M S (M )= B T M 2 ,3 0 , S U P E R S E D E = O N  
C O N D E N S E R  T Y P E - B U B B  
D U T Y  1 ,1 /2 ,3 0
P S P E C  P T O P = 6 0 , D P C O L U M N =  15
P R IN T  P R O P T A B L E = P A R T
S P E C  R R A T IO , V A L U E = 0 .6 , R T O L E R = 0 .0 0 0 1
S P E C  S T R E A M = B T M 2 , R A T E (L B M /H ), C O M P = 3 ,W E T , D IV ID E , S T R E A M = H V Y F , &  

R A T E (L B M /H ) , C O M P = 3 ,W E T , V A L U E = 0 .0 3 , R T O L E R = 0 .0 0 0 1  
V A R Y  D U T Y = 1 ,2



R E B O IL E R  T Y P E = K E T T L E  
M E T H O D  S E T = 2

H O T  F E E D = T O P 2 , M = T O P 2 1 
O P E R  H T E M P = 2 0 0  

O P T IM I Z E R  U ID = O P 3
V A R Y  I D = O P T 3 V A R Y l,  C O L U M N = C O L 3 , F T R A Y ( l ) ,  M IN I= 1 5 , M A X I= 3 0  
V A R Y  I D = O P T 3 V A R Y 2 , C O L U M N = C O L 3 , F T R A Y (2 ) ,  M IN I= 1 5 , M A X I= 4 0  
O B J E C T IV E  C O L U M N - C O L 3 ,  D U T Y (2 ,B T U /H R ) , M IN IM IZ E  

O P T IM I Z E R  U ID = O P 4
V A R Y  I D = O P T 4 V A R Y l,  C O L U M N = C O L 4 , F T R A Y ( l ) ,  M IN I= 3 , M A X I= 1 9  
O B J E C T IV E  C O L U M N = C O L 4 , D U T Y (2 ,B T U /H R ) , M IN IM IZ E  

F L A S H  U ID = F L S 4 , N A M E = P Y R O  F D  F L S H  
F E E D  T O P 2 1
P R O D U C T  V = P Y R F , L = V A P P
T P S P E C  T E S T IM A T E = 2 0 0 , P R E S S U R E = 2 0 0
S P E C  S T R E A M = V A P P , R A T E ( W T ,L B /H ) ,T O T A L , W E T , V A L U E =  1 0 0 0 0  

O P T IM I Z E R  U ID = O P 2
V A R Y  I D = O P T 4 V A R Y 2 , C O L U M N = C O L 2 , F T R A Y ( l ) ,  M IN I= 1 5 , M A X I= 2 0  
V A R Y  I D = O P T 4 V A R Y 3 , C O L U M N = C O L 2 , F T R A Y (2 ) ,  M IN I= 2 5 , M A X I= 2 9  
O B J E C T IV E  C O L U M N - C O L 2 ,  D U T Y (2 ,B T U /H R ) , M IN IM IZ E  

C O N T R O L L E R  U ID = C N 3
S P E C  S T R E A M = P Y R F , R A T E ( W T ,L B /H ) ,T O T A L ,W E T , D IV ID E , &

S T R E A M = P Y R O L Y S IS , R A T E (W T ,L B /H ) ,T O T A L , W E T , V A L U E = 1  
V A R Y  S T R E A M = E D C D , R A T E (L B M /H )
C P A R A M E T E R  I P R IN T , N O S T O P , IT E R = 1 0 0  

M IX E R  U ID = M 1
F E E D  V N T 1,V N T 3 ,V N T 2 ,B T M 2 ,T O P  1 
P R O D U C T  M = W -V O C  

M IX E R  U ID = M 2  
F E E D  W S T 1 ,W S T 2 ,W T R 2  
P R O D U C T  M = W -W A T E R  

E N D

K eyw ord In p u t File o f G A M S P rog ram

i y e a r  / i l * i 2 0 /
ร s c e n a r io  / s i * s  10 0 0 /;

p a ra m e te r s
P E (s )  P e rc h a s e d  E q u ip m e n t(U S S )
F C I(s )  F ix e d  C a p ita l  In v e s tm e n t(U S $ )
E p ( i ,ร) E th y le n e  P r ic e (d o l la r  p e r  to n )
V C M p ( i ,ร) V in y l  C h lo r id e  P r ic e (d o l la r  p e r  to n )
D _ V C M ( i ,ร) D e m a n d  o f  V C M  in T h a i la n d ( to n )
M a r ( i ,ร) A n n u a l-c o m p o u n d in g  d is c o u n t  ra te  o r  m in im u m  a c c e p ta b le  ra te  o f  re tu rn  
E n v j m p ( s )  E n v iro n m e n ta l  Im p a c t  U n it  (E IU  p e r  to n  o f  V C M )
F a c _ E P (ร) E th y le n e  C o n s u m p tio n  ( to n  E th y le n e  p e r  to n  o f  V C M )

F a c  U ti l i t i e s ( s )  U t i l i t i e s  C o n s u m p tio n  (U S $  p e r  to n  o f  V C M )
L a b  C o s t( s )  L a b o r  C o s t  (U S $  p e r  y e a r )
O y e a r ( i )  y e a r
M A C R S ( i)  U s in g  5 -y  M A C R S
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**************************************************************
**************************************************************

E th y le n e (s )  
C h lo r in e ( s )  
E D C (s )  
V C M (s )  
T C E (s )
H C l(s )
S 0 2 ( s )  
C 0 2 ( s )  
G W P T C E ( s )  
G W p I c 0 2 ( s) 
O D P J T C E ( s )  
A P _ S 0 2 ( s )

W a s te  p ro d u c t io n  o f  E th y le n e  (k g  p e r  to n  V C M  p ro d u c t io n )  
W a s te  p ro d u c t io n  o f  C h lo r in e  (k g  p e r  to n  V C M  p ro d u c t io n )  

W a s te  p ro d u c t io n  o f  E D C  (k g  p e r  to n  V C M  p ro d u c t io n )  
W a s te  p ro d u c t io n  o f  V C M  (k g  p e r  to n  V C M  p ro d u c t io n )  

W a s te  p ro d u c t io n  o f  T C E  ( k g  p e r  to n  V C M  p ro d u c t io n )
W a s te  p ro d u c t io n  o f  H C l (k g  p e r  to n  V C M  p ro d u c t io n )  
W a s te  p ro d u c t io n  o f  S 0 2  ( k g  p e r  to n  V C M  p ro d u c t io n )
W a s te  p ro d u c t io n  o f  C 0 2  (k g  p e r  to n  V C M  p ro d u c t io n )

A P _ H C l( s )
P C O P E t h y l e n e ( s )
P C O P J c ( s )
H T P I a T T P E D C ( s )
H T P Ia T T P ~ V C M (s )
H T P I a T T P T C E ( s )
H T P E c h l o r i n e ( s )
h t p e I e d c ( s)
H T P E ~ V C M (s )
H T P E ~ T C E (s )
T-ÏTPF HfUfcA 
H T P E ~ S 0 2 ( s)
H T P E ~ C 0 2 ( s)
A T P E t h y l e n e ( s )
A T P C h l o r i n e ( s )
A T P E D C ( s )
A T P _ V C M (s )
A T P ~ T C E (s )
a t p I h c i ( s)

C 0 2 ( s )  =  n o r m a l ( 2 2 4 .1 6 5 ,2 2 4 .1 6 5 * 0 .1 ) ;
S 0 2 ( s )  =  n o rm a l( 0 .5 4 4 2 ,0 .5 4 4 2 * 0 .1 ) ;
E th y le n e (s )  =  n o rm a l(0 ,0 ) ;
C h lo r in e ( s )  =  n o rm a l(0 ,0 ) ;
E D C (s )  =  n o rm a l(0 ,0 ) ;
V C M (s )  =  n o rm a l(0 ,0 ) ;
T C E (s )  =  n o rm a l(0 ,0 ) ;
H C l( s )  =  n o rm a l( 0 ,0 ) ;
* re q u ire d  u s e r  in p u t*  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

G W P T C E ( s )  =  n o r m a l ( l  .9 8 0 2 ,1 .8 9 0 2 * 0 .1 ) ;
G W P ~ C 0 2 ( s )  =  n o rm a l( 0 .0 1 9 8 ,0 .0 1 9 8 * 0 .1 ) ;
O D P jT C E ^ s )  =  n o r m a l( l ,0 .1 ) ;
A P  S 0 2 ( s )  =  n o r m a l ( 1 .0 6 ,1 .0 6 * 0 .1 ) ;
A P _ H C l( s )  =  n o rm a l( 0 .9 3 6 ,0 .9 3 6 * 0 .1 ) ;
P C O P E t h y l e n e ( s )  =  n o rm a l( 3 .7 6 2 9 ,3 .7 6 2 9 * 0 .1 ) ;  
P C O P  3 c (s )  =  n o rm a l(0 .0 7 9 0 ,0 .0 7 9 0 * 0 .1 ) ;
H T P Ia T T P _ E D C ( s )  =  n o rm a l(  1 .2 2 0 2 ,1 .2 2 0 2 * 0 .1 ) ;  
H T P Ia T T P ~ V C M (s )  =  n o rm a l(  1 .6 3 5 1 ,1 .6 3 5 1 * 0 .1 ) ;  
H T P Ia T T P  T C E (s )  =  n o r m a l ( 0 .1 4 4 7 ,0 .1 4 4 7 * 0 .1 ) ;  
H T P E c h l o r i n e ( s )  =  n o rm a l(4 .6 3 5 4 ,4 .6 3 5 4 * 0 .1 ) ;  
H T P E lE D C ( s )  =  n o r m a l( 0 .2 3 1 8 ,0 .2 3 1 8 * 0 .1  ); 
H T P E ~ V C M (s )  =  n o rm a l(0 .4 6 3 5 ,0 .4 6 3 5  *0.1 );



84

H T P E _ T C E ( s )  =  n o rm a l(0 .0 4 6 4 ,0 .0 4 6 4 * 0 .1 ) ;  
H T P E ~ H C l(s )  =  n o rm a l( 0 .4 6 3 5 ,0 .4 6 3 5 * 0 .1 ) ;  
H T P E ~ S 0 2 ( s )  =  n o rm a le  1 .1 5 8 9 ,1 .1 5 8 9 * 0 .1  ); 
H T P E ~ C 0 2 ( s )  =  n o rm a l( 0 .0 0 0 5 ,0 .0 0 0 5 * 0 .1 ) ;  
A T P  É th y le n e (s )  =  n o rm a l( 0 .1 3 8 1 ,0 .1 3 8 1 * 0 .1 ) ;  
A T P ~ C h lo r in e ( s )  =  n o rm a l( 5 .6 8 8 4 ,5 .6 8 8 4 * 0 .1 ) ;  
A T P lE D C ( s )  =  n o r m a l ( 0 .0 1 4 2 ,0 .0 1 4 2 * 0 .1 ) ;  
A T P l v C M ( s )  = n o r m a l ( 0 .0 1 3 5 ,0 .0 1 3 5 * 0 .1 ) ;  
A T p I t C E ( s) =  n o rm a l( 0 .0 4 4 0 ,0 .0 4 4 0 * 0 .1 ) ;
A T P  J l C l ( s )  =  n o r m a l ( 0 .1 0 1 8 ,0 .1 0 8 0 * 0 .1 ) ;

E n v l m p ( s )  =  G W P _ T C E ( s ) * T C E ( s ) + G W P _ C 0 2 ( s ) * C 0 2 ( s )
+ O D P _ T C E (s ) * T C E (s ) + A P _ ร 0 2 ( s ) * S 0 2 ( s ) + A P _ H C l( s ) * H C l( s )  
+ P C O P _ E th y le n e (s ) * E th y le n e (s )
+ P C O P  J  c (s )*  ( E D C (s )+ V C M (s )+ T C E (s ) )
+ H T P I a T T P _ E D C (s ) * 2 * E D C ( s )+ H T P Ia T T P _ V C M ( s )* 2 * V C M ( s )
+ H T P I a T T P ~ T C E ( s )* 2 * T C E (s ) + H T P E _ c h lo r in e ( s )* C h lo r in e ( s )
+ H T P E _ E D C (s ) * E D C ( s )+ H T P E _ V C M ( s )* V C M ( s )+ H T P E  T C E (s ) * T C E ( s )
+ H T P E ~ H C l( s ) * H C l( s ) + H T P E _ S 0 2 ( s ) * S 0 2 ( s ) + H T P E _ C 0 2 ( s ) * C 0 2 ( s )
+ A T P _ E th y le n e ( s ) * E th y le n e ( s ) + A T P _ C h lo r in e ( s )* C h lo r in e ( s )
+ A T P ~ E D C ( s )* E D C (s ) + A T P  V C M (s )* V C M (s )
+ A T P  T C E (s ) * T C E ( s ) + A T P  H C I(s )* H C I(s )  ;

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
**************************************************************

L a b C o s t ( s )  =  n o r m a l( 5 5 6 3 8 ,5 5 6 3 8 * 0 .1 ) ;
*Pan VOODOO tnn/v*******************************************
* L ^ S ï ™ j 5 7 8 0 0
* C a p  4 0 0 0 0 0  to n /y * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* L a b  C o s t( s )  -  n o rm a l( 5 9 4 7 7 ,5 9 4 7 7 * 0 .1 ) ;
* C u p  5 0 0 0 0 0  to n /y * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

F a c _ E P (ร)=  0 .4 7 5 0 ;
* re q u ire d  u s e r  in p u t* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

F a c _ U ti l i t ie s ( s )=  n o r m a l( 5 2 .5 ,5 2 .5 * 0 .1 );
* r e q u ir e d  u s e r  in p u t*  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

P E (s )=  n o rm a l( 5 5 8 4 0 5 6 ,5 5 8 4 0 5 6 * 0 .3 ) ;
* r e q u ire d  u s e r  in p u t*  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

O y e a r ( 'i l ') =  1 ;
O y e a r ( 'i2 ') =  2 ;
O y e a r ( 'i3 ') =  3 ;
O y e a r ( 'i4 ') =  4 ;
O y e a r ( 'i5 ') =  5 ;
O y e a r ( 'i6 ') =  6 ;
O y e a r ( 'i7 ') =  7 ;
O y e a r ( 'i8 ') =  8 ;
O y e a r ( 'i9 ') =  9 ;
O y e a r ( 'i lO ') =  10
O y e a r ( 'i l  T ) =  11
O y e a r ( 'i l2 ') =  12

O y e a r ( 'i  13') =  13



O y e a r ( 'i l4 ') =  14 ;
O y e a r ( 'i l5 ') =  15 ;
O y e a r ( ' i l 6 ') =  1 6 ;
O y e a r ( 'i l7 ') =  1 7 ;
O y e a r ( ' i l 8 ') =  1 8 ;
O y e a r ( 'i l9 ') =  1 9 ;
O y e a r ( 'i2 0 ') =  2 0 ;

M A C R S ( 'i l ') =  0 .2 ;
M A C R S ( 'i2 ’) =  0 .3 2  ;
M A C R S ( 'i3 ') =  0 .1 9 2 ;
M A C R S ( 'i4 ') =  0 .1 1 5 2  ;
M A C R S ( ’i5 ') =  0 .1 1 5 2  ;
M A C R S ( 'i6 ') =  0 .0 5 7 6  ;
M A C R S ( 'i7 ') =  0.0  ;
M A C R S ( 'i8 ') =  0.0  ;
M A C R S ( 'i9 ') =  0.0  ;
M A C R S ( 'i lO ') =  0.0  ;
M A C R S ( 'i l l ') =  0.0  ;
M A C R S ( ’i l 2 ' ) =  0.0  ;
M A C R S ( ’i l 3 ' ) =  0.0  ;
M A C R S ( 'i l4 ') =  0.0  ;
M A C R S ( 'i l5 ') =  0.0  ;
M A C R S ( 'i l 6 ') =  0.0  ;
M A C R S ( 'i l7 ') =  0.0  ;
M A C R S ( 'i l  8 ') =  0.0  ;
M A C R S ( 'i l9 ') =  0.0  ;
M A C R S ( 'i2 0 ') =  0.0  ;

M a r ( i ,ร)=  u n if o r m ( 0 .0 8 ,0 .1 6 )
* U s in g  M a r  in  th is  ra n g e  b e c a u s e  n e w  c a p a c i ty  
* w ith  e s ta b l is h e d  c o r p o ra te  m a rk e t  p o s itio n  
* R e f: T a b le  8 -1 , P .3 2 2

E p ( 'i  1 ’,s )=  n o rm a l( -4 .8 5 6 8 * 2 0 0 7 + 1 0 1 7 0 ,1 0 7 .3 8 ) ;  
E p ( 'i2 ’,s )=  n o rm a l( -4 .8 5 6 8 * 2 0 0 8 + 1 0 1 7 0 ,1 0 7 .3 8 ) ;  
E p ( 'i3 ’,s )=  n o rm a l( -4 .8 5 6 8 * 2 0 0 9 + 1 0 1 7 0 ,1 0 7  3 8 ); 
E p ( 'i4 ',s )=  n o r m a l( - 4 .8 5 6 8 * 2 0 1 0 + 1 0 1 7 0 ,1 0 7 .3 8 ); 
E p ( 'i5 ',s )=  n o r m a l( - 4 .8 5 6 8 * 2 0 1 1 +  1 0 1 7 0 ,1 0 7 .3 8 ) ; 
E p ( 'i6 ',s )=  n o rm a l( -4 .8 5 6 8 * 2 0 1 2 + 1 0 1 7 0 ,1 0 7 .3 8 ) ;  
E p ( 'i7 ',s )=  n o rm a l( -4 .8 5 6 8 * 2 0 1 3 + 1 0 1 7 0 ,1 0 7 .3 8 )  ; 
E p ( 'i8 ',s )=  n o rm a l( -4 .8 5 6 8 * 2 0 1 4 + 1 0 1 7 0 ,1 0 7  3 8 )  ; 
E p ( 'i9 ',s )=  n o rm a l( -4 .8 5 6 8 * 2 0 1 5 + 1 0 1 7 0 ,1 0 7 .3 8 )  ; 
E p ( 'i l0 ', s ) =  n o rm a l( -4 .8 5 6 8 * 2 0 1 6 + 1 0 1 7 0 ,1 0 7 .3 8 )  ; 
E p ( 'i l  l ' ,s ) =  n o rm a l( -4 .8 5 6 8 * 2 0 1 7 + 1 0 1 7 0 ,1 0 7  3 8 )  ; 
E p ( 'i l2 ', s ) =  n o rm a l( -4 .8 5 6 8 * 2 0 1 8 + 1 0 1 7 0 ,1 0 7  3 8 )  ; 
E p ( 'i l3 ', s ) =  n o r m a l( -4 .8 5 6 8 * 2 0 1 9 + 1 0 1 7 0 ,107 3 8 )  ; 
E p ( 'i l4 ', s ) =  n o n n a l ( - 4 .8 5 6 8 * 2 0 2 0 + 1 0 1 7 0 ,1 0 7 .3 8 )  ; 
E p ( ’i l 5 ' , s ) =  n o rm a l( -4 .8 5 6 8 * 2 0 2 1  +  1 0 1 7 0 ,1 0 7  3 8 )  ; 
E p ('i  1 6 ',ร)=  n o rm a I( -4 .8 5 6 8 * 2 0 2 2 + 1 0 1 7 0 ,1 0 7  3 8 )  ; 
E p ( ' i l 7 ’,ร ) -  n o rm a l( -4 .8 5 6 8 * 2 0 2 3 + 1 0 1 7 0 ,1 0 7 .3 8 )  ; 
E p ( ' i l 8’,s )=  n o rm a l( -4 .8 5 6 8 * 2 0 2 4 + 1 0 1 7 0 ,1 0 7  3 8 )  ; 
E p ( ' i l 9 ' ,ร ) -  n o rm a l( -4 .8 5 6 8 * 2 0 2 5 + 1 0 1 7 0 ,1 0 7 .3 8 )  ; 
E p ( 'i2 0 ',s )=  n o rm a l( -4 .8 5 6 8 * 2 0 2 6 + 1 0 1 7 0 ,1 0 7 .3 8 )  ;

V C M P (’iT ,s )=  n o r m a l ( l .3 3 9 5 * 2 0 0 7 -2 1 9 3 .9 ,1 1 4 .0 6 )  
V C M P ( 'i2 ',s )=  n o r m a l ( l .3 3 9 5 * 2 0 0 8 -2 1 9 3  9 ,1 1 4  0 6 )



V C M P ( 'i3 ',s )=  n o rm a l(  1 .3 3 9 5 * 2 0 0 9 -2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i4 ',s )=  n o rm a le  1 .3 3 9 5 * 2 0 1 0 -2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i5 ',s )=  n o r m a l ( l .3 3 9 5 * 2 0 1 1 - 2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i6 ',s )=  n o r m a l ( l .3 3 9 5 * 2 0 1 2 - 2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i7 ,s ) =  n o rm a le  1 .3 3 9 5 * 2 0 1 3 -2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i8 ',s )=  n o r m a l ( l .3 3 9 5 * 2 0 1 4 - 2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i9 ',s )=  n o r m a l ( l .3 3 9 5 * 2 0 1 5 - 2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i  10 ',s ) =  n o rm a l(  1 .3 3 9 5 * 2 0 1 6 -2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i l  1 ,s )=  n o rm a lO  .3 3 9 5 * 2 0 1 7 -2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i l 2 ' , s ) =  n o rm a le  1 .3 3 9 5  * 2 0 1 8 -2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i l 3 ' , s ) =  n o rm a le  1 .3 3 9 5 * 2 0 1 9 -2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i  14 ,s )=  n o rm a le  1 .3 3 9 5  * 2 0 2 0 -2 1 9 3 .9 ,1 1 4 .0 6 ) ;  
V C M P ( 'i  15 ',s )=  n o r m a l( l  .3 3 9 5 * 2 0 2 1 -2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i  16 , s ) =  n o rm a le  1 .3 3 9 5 * 2 0 2 2 -2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i  17 , s ) =  n o rm a le  1 .3 3 9 5 * 2 0 2 3 -2 1 9 3 .9 ,1 1 4 .0 6 ) ;  
V C M P ( 'i l 8 ,ร)=  n o r m a l ( l .3 3 9 5 * 2 0 2 4 -2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i l 9 ,ร)=  n o r m a l ( l .3 3 9 5 * 2 0 2 5 - 2 1 9 3 .9 ,1 1 4 .0 6 )  ; 
V C M P ( 'i2 0 ,s ) =  n o rm a le  1 .3 3 9 5 * 2 0 2 6 -2 1 9 3 .9 ,1 1 4 .0 6 ) ;

D _ V C M ( 'i  1 ',s )=  n o r m a l ( 4 1 * 2 0 0 7 *  
D ~ V C M ('i2  ,s )=  n o r m a l ( 4 1 * 2 0 0 8 *  
D ~ V C M ( 'i3 ',s )=  n o r m a l ( 4 1 * 2 0 0 9 *  
D ^ V C M ( 'i4 ',s ) =  n o rm a l(4 1 * 2 0 1 0 *  
D _ V C M ( 'i5 ',s )=  n o r m a l ( 4 1 * 2 0 1 1 *  
D ~ V C M ( 'i6 ', s ) =  n o r m a l ( 4 1 * 2 0 1 2 *  
D J V C M ( 'i7  ,s )=  n o r m a l ( 4 1 * 2 0 1 3 *  
D ~ V C M ( 'i8 ,s )=  n o r m a l ( 4 1 * 2 0 1 4 *  
D ~ V C M ( 'i9 ,s ) =  n o rm a l(4 1 * 2 0 1 5 *  
D ~ V C M ('i  1 O',ร)=  n o r m a l ( 4 1 * 2 0 1 6  
D ~ V C M ('i  11 ',s )=  n o r m a l ( 4 1 * 2 0 1 7  
D ^ V C M C i 12 , s ) =  n o r m a l ( 4 1 * 2018  
D ~ V C M ('i  13 ,ร)=  n o r m a l ( 4 1 * 2 0 1 9  
D ~ V C M ('i  14 ,s )=  n o r m a l ( 4 1 * 2 0 1 0  
D ~ V C M ( 'i l5 ', s ) =  n o r m a l ( 4 1*2021  
D ~ V C M ('i  16 ',s ) =  n o r m a l ( 4 1 * 2 0 2 2  
D J V C M ( 'i  17 ,s )=  n o rm a l(4 1  * 2 0 2 3  
D ~ V C M ('i  18 , s ) =  n o r m a l ( 4 1 * 2 0 2 4  
D ^ V C M ( 'i  19 ',s ) =  n o r m a l ( 4 1 * 2 0 2 5  
D ~ V C M ( 'i2 0 ,s ) =  n o r m a l ( 4 1 * 2 0 2 6

1 0 0 0 -8 2 0 2 7 *
1 0 0 0 -8 2 0 2 7 *
1 0 0 0 -8 2 0 2 7 *
1 0 0 0 -8 2 0 2 7 *
1 0 0 0 -8 2 0 2 7 *
1 0 0 0 -8 2 0 2 7 *
1 0 0 0 -8 2 0 2 7 *
1 0 0 0 -8 2 0 2 7 *
1 0 0 0 -8 2 0 2 7 *
* 1 0 0 0 -8 2 0 2 7
* 1 0 0 0 -8 2 0 2 7
* 1 0 0 0 -8 2 0 2 7
* 1 0 0 0 -8 2 0 2 7
* 1 0 0 0 -8 2 0 2 7
* 1 0 0 0 -8 2 0 2 7
* 1 0 0 0 -8 2 0 2 7
* 1 0 0 0 -8 2 0 2 7
* 1 0 0 0 -8 2 0 2 7
* 1 0 0 0 -8 2 0 2 7
* 1 0 0 0 -8 2 0 2 7

1 0 0 0 ,1 4 .7 6 * 1 0 0 0 )  ; 
1 0 0 0 ,1 4 .7 6 * 1 0 0 0 )  ; 
1 0 0 0 ,1 4 .7 6 *  1 0 0 0 )  ; 
1 0 0 0 ,1 4 .7 6 *  1 0 0 0 ) ; 
1 0 0 0 ,1 4 .7 6 *  1 0 0 0 ) ; 
1 0 0 0 ,1 4 .7 6 *  1 0 0 0 ) ; 
1 0 0 0 ,1 4 .7 6 *  1 0 0 0 ) ; 
1 0 0 0 ,1 4 .7 6 *  1 0 0 0 )  ; 
1 0 0 0 ,1 4 .7 6 *  1 0 0 0 )  ; 
* 1 0 0 0 ,1 4 .7 6 * 1 0 0 0 )
* 1 0 0 0 ,1 4 .7 6 *  1 0 0 0 ) 
* 1 0 0 0 ,1 4 .7 6 * 1 0 0 0 )  
* 1 0 0 0 ,1 4 .7 6 * 1 0 0 0 )
* 1 0 0 0 ,1 4 .7 6 *  1 0 0 0 )
* 1 0 0 0 ,1 4 .7 6 *  1 0 0 0 )
* 1 0 0 0 ,1 4 .7 6 *  1 0 0 0 ) 
* 1 0 0 0 ,1 4 .7 6 * 1 0 0 0 )
* 1 0 0 0 ,1 4 .7 6 *  1 0 0 0 ) 
* 1 0 0 0 ,1 4 .7 6 *  1 0 0 0 )
* 1 0 0 0 ,1 4 .7 6 *  1 0 0 0 )

S c a la rs
L a n d  R e n t L a n d  R e n t in M a p  T a  P h u t In d u s tr ia l  E s ta te  P e r  Y e a r  / 1 7 6 2 8 2 / 
C a p V C M  C a p a c i ty  o f  V C M  p la n t  3 0 0 0 0 0  to n  p e r  y e a r  / 3 0 0 0 0 0 / 
* C a p V C M  C a p a c i ty  o f  V C M  p la n t  4 0 0 0 0 0  to n  p e r  y e a r  /4 0 0 0 0 0 /  
* C a p V C M  C a p a c i ty  o f  V C M  p la n t  5 0 0 0 0 0  to n  p e r  y e a r  / 5 0 0 0 0 0 / 
* re q u ire d  u s e r  c h o o s e  o n e  c a p a c i ty  o f  p la n t ............ ...................................

P a ra m e te rs
L C (S ) L a b o r a t i n g C h a r g e s
O p e S (s ) O p e r a t i n g s u p p l i e s
O S (s ) O p e r a t i o n S u p e r v i s i o n
M R (s ) M a in te n a n c e  a n d  re p a ir s
FC (S ) F i x e d C h a r g e s

F C l( s ) =  (P E (s )*  1 .1 0 )* (  I + 2 .6 + 1 .4 4 )  ; 
oses) =  L a b _ C o s t ( s ) * 0 .15 ;
M R (s )  =  0 .0 6 * F C I (s )  ;



OpeS(s) = 0 .06*0 .15*FCI(s) ; 
LC(s) = Lab_Cost(s)*0.15 ;
FC(s) = 0.03*FCI(s) + Land Rent ;

Variables 
Tax(i,ร) 
AP(i,ร) Annual production capacity(ton j
RMC(i, ร) R aw M aterialC ost
PV(i,ร) ProductValue
VC(i,ร) Variable_Cost
POC(i,ร) Plant_Overhead Costs
MC(i,ร) ManufacturingCost
Co(i,ร) T otal_Product_Cost
GE(i,ร) GeneralExpense
AGP(i,s) Annual”  Gross_Profit
Ann Net_Profit(i,ร) A nn ualN etP rofit
TACF(i,ร) T otal_Annual_Cash_Flow
PWACF(i,ร) Present W orth o fA C F
WC(s) WorkingCapital
TCI(s) Total Capital Investment
TACF Y0(s) T otalAnnualCashFlowY 0
NPW(s) N et_Present_พ  orth
AVE NPW A verageN PW
Ann EIU(i,ร) Annual_EIU
A V Ë  EIU Average EIU
Tot EIU(s) T otE IU  ”
T otA G P (s) J
Parameters
net_HCl(s) ton per ton VCM
net~C12(s) ton per ton VCM
net~02(s) ton per ton VCM
p HCl(s) price o f HC1 (ร per ton)
P~C12(s) price o f C12 (ร per ton)
p~02(s) price o f  0 2  (ร per ton);

net HCl(s) =0.3005 ;
* required user input* ********************************************* 
net C12(s) =0*8521 ;
^required user input********************************************** 
n et_02(ร) =0.0659;

ร ” ะ ; ; ; 1;
PC 12(s) = normaI(210.4,69.7);
p_02(s) = normal(40,4);

Equations
W orkingCapital(s)
Total Capital lnvestment(s) 
Total AnnualCashFlowYO(s) 
Net_Present_Worth(s) 
A verageN PW  
Total F โบ(ร)
Average_ElU
T otalA G P(s)
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*Financial

Working C apital(s).. WC(s) =e= PE(s)* 1.10*0.89; 
Total_Capital_Investment(s).. TCl(s) = e -  FCI(s)+WC(s);

TotalAnnualCashFlowYO(s)..
TACF_Y0(ร) =e= (Land_Rent+FCI(s)+WC(s))*(-l) ;

* Ycâr 1 -20* ** * *********************************************************
p( AP.l(i,ร) = CapVCM$(D_VCM(i,ร)>CapVCM)

+D_VCM (1,ร)ริ(อ_VCM(i, ร><CapVCM) 
+D~VCM(i,s)$(D~VCM(i,s)=CapVCM);

R M C .l ( i ,ร) =  E p ( i ,ร )*A P .l ( i ,ร )* F a c  E P (s )
+ (n e t_ C 1 2 (s ) * P _ C 1 2 ( s )+ n e t_ 0 2 ( s )* P _ 0 2 ( s ) )* A P .l ( i ,ร);

P V .l( i ,ร) =  n e t_ H C l( s ) * P _ H C l( s ) * A P .l ( i ,ร)+ A P .l( i ,ร)* V C M p ( i ,ร) );

v c . l ( i , ร) =  R M C .l ( i ,ร)+  L a b C o s t ( s )  +  F a c _ U ti l i t ie s ( s )* A P .l ( i ,ร)
+  O S (s )  +  M R (s )  +  O p e S (s )  +  L C (s )  );

p  P O C .l( i ,ร) =  0 .6 * (L a b _ C o s t ( s )  +  O S (s )  +  M R (s ))  ;
M C .l( i ,ร) =  V C .1(1,ร)+  F C (s )  +  P O C .l( i ,  ร) ;
C o .l ( i ,ร) =  ( M C .l( i ,ร)+  0 .2 * (L a b _ C o s t ( s ) + O S ( s ) + M R ( s ) ) )

/(  1 -0 .0 1 -0 .0 5 -0 .0 4 )  ;
G E .l ( i ,s )=  0 .2 * (L a b  C o s t( s )  +  O S (s )

+  M R ( s ) ) + 0 .0 5 * C o .l ( i ,ร)+ 0 .0 4 * C o .l ( i ,ร);
A G P .l ( i ,ร) =  P V .l( i ,ร) - C o .l ( i ,ร)- M A C R S ( i) * F C l( s )  ;
T a x . l ( i ,ร ) -  0 .3 $ (A G P .l ( i ,ร)> 0 )+ 0 $ (A G P .l( i ,ร)< 0 )  ;
A n n _ N e t_ P ro f i t . l ( i ,s ) =  A G P .l( i ,ร)*( l - t a x . l ( i ,ร)) ;
T A C F .l ( i ,ร) =  A n n _ N e t_ P ro f i t . l ( i ,ร )+  M A C R S ( i)* F C I (s )  ; 
P W A C F .l( i ,ร) =  T A C F .l ( i ,ร )* ( 1 + M a r ( i ,ร ))* * ( -O y e a r ( i ) )  ;

*Environmental Impact
Index=========— =======================================

Ann ElU.l(i,ร) = AP.l(i,ร)*Env lmp(s) );
* All
Years==================================================

Net Present Worth(s) ..NPW(s) =e= TACF_Y0(ร)+ sum(i,PWACF.l(i,ร)) ; 

Total EIU(s).. sum(i, Ann_EIU.l(i,ร))/รนm(i,AP.l(i,ร)) =e= Tot ElU(s) ; 

Average NPW ,.sum(s, NPW (s))/1000 =e= AVE NPW ;
Average EIU .. sum(s, Tot_EIU(s))/1000 =e= AVE EIU ;
Total A G P (s).. sum(i, AGP.I(i,ร)) =e= Tot AGP(s);
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Model A11NPW  /all/

Solve A11_NPW using lp maximizing AVE JNPW;

Display NPW.l, AVE_NPW.l,Tot_EIU.l, AVE_EIU.l ,PWACF.l, AP.l,TACF_Y0.1,tax.l,Mar,MACRS

File pilotresult /C:\result_GAM\result_D5T.excel/;
pilot_result.pc=6 ; 

put pilot^result;

put "Scenarios", "NPW", "AVENPW ", "Tot_EIU", "AVEEIU", "TCI'V'TotalAGP" /; 
loop (ร, put s.tl, NPW.I(s): 10:4, AVE NPW.l: 10:4, Tot_EIU.l(s): 10:4, AVE EIU.l: 10:4, 
TCI.l(s): 10:4, Tot AGP.l(s): 10:4/);
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Appendix G Reference data of VCM plant from Dr. Thevarak Rochanapruk.

In p u t D ata to G A M S P rogram

T able  G1 Reference data from Thai Plastics and Chemicals Co., Ltd.

Data Value
Utility cost 25 $/ton o f VCM
Land rent 20,000,000 $/year
Labor cost 8,000,000 $/year
Purchased equipment cost 150,000,000 $ at a capacity o f 250,000 tons/year
Working capital cost 35,000,000 ร
Indirect cost 70,000,000 ร
Total cost 255,000,000 ร
Ethylene consumption 0.250 ton Ethylene/ton VCM
Oxygen consumption 0.190 ton Oxygen/ton VCM
Chlorine consumption 0.005 ton Chlorine/ton VCM
Price o f chlorine 210 $/ton
Price o f oxygen 150 $/ton

R esults

F i g u r e d  Financial risk curve.

From the data, financial risk curve is shown in Figure G1 with the expected net present worth o f  
$159,081,000 and the standard deviation o f $44,237,647
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