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APPENDICES

Appendix A Kinetic model reaction.



T a b le  A l  K in e t i c  M o d e l  o f  R e a c t io n
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Table A l (Continue)

C o r r e c t i o n  P a r a m e t e r U n i t
A  =  ( P / 2 1 ) A( - . 7 ) * e x p ( 4 5 / R * ( l / 7 7 3 - l / ( T + 2 7 3 ) ) )  ; D e h y d r o c y c l i z a t i o n  r e a c t i o n  
B  =  ( P / 2 1 ) A .4 3  3  *  e x p ( 5 5 / R * (1  / 7 7 3 -1  / ( 1 + 2 7 3  ) ) )  ; H y d r o c r a c k i n g  r e a c t i o n  
c  =  ( P / 2 1 ) A . 5 * e x p ( 4 0 / R * ( l / 7 7 3 - l / ( T + 2 7 3 ) ) )  ; H y d r o d e a l k y l a t i o n  r e a c t i o n  
D  =  ( P / 2 1 ) A0 * e x p ( 3 0 / R * ( l / 7 7 3 - l / ( T + 2 7 3 ) ) )  ; D e h y d r o g e n a t i o n  r e a c t i o n  
R =  1 . 9 8 7 * . 0 0 1 ( K c a l ) / ( g m o l ) ( K )

V a r i a b l e U n i t
T  =  T e m p e r a t u r e  
p  =  P r e s s u r e

D e g r e e  C e l s i u s  
b a r



Appendix B Heat exchanger network design.



P i n c h  H e a t  E x c h a n g e r  N e t w o r k

F u r n a c e -3

Fuel oil is used to supply heat requirem ent fo r hot utility 

E-4,6,8,10 use air to cool down stream s.

E -5 ,7 ,9 ,11 apply w ater as coolant.
F u r n a c e -4

Figure B 1  P in c h  H e a t  E x c h a n g e r  N e t w o r k  t y p e .
Lk)



P r a c t i c a l  H e a t  E x c h a n g e r  N e t w o r k

F u m a ce -2  

* —

F u m a ce -4

Fuel oil is used to supply heat requ irem ent fo r hot utility 

E-4,6,8,10 use air to cool down stream s.

E-5,7,9,11 apply w ater as coolant.

Figure B2 Practical Heat Exchanger Network type.



Appendix c  Profit and environmental impact evaluation.

Table Cl E stim a tio n  o f  f ix ed -cap ita l In v e s tm e n t co st

D irec t costs $
T o ta l b a r-m o d u le  e q u ip m e n t cost, (Ctbm) Ctbm
B u ild in g , p ro cess  and  au x ilia ry 1 3 %Ctbm
se rv ice  fac ilitie s  an d  y a rd  im p ro v e m e n ts 2 0 %Ctbm
L an d 2 %Ctbm
T ota l d irec t c o s t , (Ctdc) 1 3 5 %Ctbm

In d irec t costs $
E n g in ee rin g  and  su p e rv is io n 1 0 % C tdc
C o n stru c tio n  ex p en se  an d  c o n tra c to r fee 1 4 %Ctdc
C o n tin g en cy 1 5 %Ctde
T ota l In d irec t co s t 5 3  Ctbm

F ix ed  cap ita l in v es tm en t (C fix) ร
D irec t co st +  in d irec t co st 1 8 8 %Ctbm

W o rk in g -cap ita l in v estm en t $
1 8 %Cfix

T o ta l cap ita l in v estm en t, (Ctci) $
F ix ed  cap ita l +  w o rk in g -cap ita l 
in v es tm en t

2 2 1 %Ctbm
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Table C2 E stim a tio n  o f  g ro ss ea rn in g  an d  to ta l p ro d u c tio n  co st p e r  y ea r

M a n u fac tu rin g  co st, (C m c) $ /y ea r
A . D irec t p ro d u c tio n  co sts
R a w  m a te ria ls Craw
O p e ra tin g  &  d irec t su p e rv iso ry  labo*- C|ab
U tilitie s c u
M a in te n a n c e  and  rep a irs , (C mr) 6 %Cfix
o p e ra tin g  su p p lies .75% Cf,x
L a b o ra to ry  ch arg es 1 5%Ciab

B . F ix ed  ch a rg es
D e p ric ia tio n 17%Ctbm
L o ca l tax es 2.5% Cfix
In su ran ce 7%Cf,x

c. P lan t-o v e rh ead  co sts 6 0 % (C |ar+ C mr)

G en era l ex p en ses $ /y ea r
A d m in is tra tiv e  costs 1 5 % (C lar+ C mc)
D is tr ib u tio n  and  se llin g  costs 15 % C tpc
R esea rch  an d  d e v e lo p m e n t costs 4 % C tpc
F in an c in g 3.5% Ctci

T o ta l p ro d u c tio n  co st $ /y ea r
m a n u fa c tu r in g  co st +  gen era l ex p en ses Ctpc

G ro ss-ea rn in g s $ /y ea r
T o ta l in co m e  - to ta l p ro d u c tio n  co st c g



57

M e asu rin g  th e  p ro c e s s ’ ร p ro fit
T h e re  are  m a n y  w ay s in  p ro fitab ility  m e a su rin g  step , ev en  th o u g h  th e  n e t 

p re se n t v a lu e , (N P V ), is n o rm ally  co n s id e red  to  be  th e  s im p le s t and  eas ie s  
u n d e rs ta n d a b le  m eth o d . H ence , in  th is  re sea rch , it is u sed  to  be  th e  m e th o d  in  p ro fit 
a sse ssm en t. T h e  co n c e p t o f  ca lcu la tio n  are  in  th e  b e lo w  eq u a tio n .

p  = (1)

w h e re  p  is th e  p re sen t v a lu e , ร is th e  fu tu re  w o rth  v a lu e , i is in te re s t ra te , ท 
is th e  n u m b e r o f  years.

T o ev a lu a te  th e  net p re se n t (N P V ) o f  each  d e sig n , its ca sh  f lo w  w as 
c o m p u te d  in  each  y ea r o f  th e  p ro jec ted  life  o f  the  p lan t, f ix ed -cap ita l In v es tm en t co st 
an d  g ro ss-ea rn in g s . T h en , by  th e  in te re s t ra te  ( ty p ica lly  15%  fo r m o st co m p an y  
m a n a g e m e n t) , each  ca sh  f lo w  w as d isco u n ted  to  its  p re sen t w orth . T h e  su m  o f  all 
d isc o u n te d  ca sh  f lo w  w as th e  n e t p re sen t va lues.

M e a su rin g  th e  p ro c e s s ’ ร en v iro n m en ta l im p ac t
In  th is  s tu d y , o v e ra ll a m o u n t o f  h a za rd o u s  su b s tan ce , p ro d u c e d  fro m  each  

d e s ig n , is reg a rd ed  as en v iro n m e n ta l im p ac t fo r each  d esig n .
T o  fin d  o v e ra ll en v iro n m e n ta l im p ac t, a m o u n t o f  c a rb o n  d io x id e  and  

b en zen e  a re  co m b in ed  to  be re p re se n ta tiv e  im p ac t fo r each  d e sig n . In th is  w ork , 
b en zen e  w as v a lu ed  to  hav e  3.5 tim es im p ac t g rea te r  th an  c a rb o n  d io x id e , due  to  
h ig h e r  co n c e rn  in  th e  ca rc in o g e n ic  h a z a rd o u s  e ffec t. H en ce , th e  fo rm u la  o f  
e n v iro n m e n ta l im p ac t ev a lu a tio n  co u ld  be  d e riv ed  as  in  e q u a tio n  3.7.

Environmental im pact = 3.5 * b en zen e  am o n u t +  ca rb o n  d io x id e  a m o u n t (2)
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Appendix D Coke formation and octane number.

Figure DI C o k e  fo r m a t io n  (C  %  w t )  V S. r e la t iv e  r e a c t io n  t im e  ( x ) .



0 10 20 30 40 60 80 70 80 90 100
Vo*. % Aromatic* เท C|* reformats

Figure D 2  O c t a n e  n u m b e r  v s .  a r o m a t ic s  a m o u n t  o f  r e fo r m a te .
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Appendix E Chemical prices and uncertainty source.



Table El Raw material, Product, by-product and utilities prices in Year 1991-2003

Raw
Material Product By-Product Plant Utility

Year Naphtha Reformate(73%aromatic) Reformate(77%aromatic) Hydrogen LPG Fuel Oil W ater
(ร/bbl) ($/bbl) ($/bbl) (ร/ทา3) (ร/kg) (ร /bbl) (ร/ทา3)

1991 22.83 - - 0.09 0.25 14.04 0.49
1992 20.27 - - 0.08 0.24 13.39 0.49
1993 17.18 - - 0.07 0.24 11.76 0.44
1994 16.36 23.69 24.74 0.06 0.24 13.14 0.44
1995 17.54 24.43 26.04 0.07 0.24 14.92 0.44
1996 20.26 25.73 26.55 0.08 0.24 16.78 0.44
1997 21.85 26.61 27.33 0.08 0.25 15.87 0.49
1998 14.77 19.27 20.09 0.06 0.28 10.63 0.60
1999 19.54 23.28 23.87 0.08 0.23 15.75 0.60
2000 28.38 34.82 35.81 0.11 0.22 24.49 0.60
2001 19.10 29.64 30.80 0.07 0.25 20.70 0.60
2002 24.93 30.12 30.92 0.10 0.30 22.38 0.60
2003 29.71 36.85 37.73 0.11 0.32 26.22 0.60
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Table E2 uncertain parameters

Parameter Distribution type Uncertainty (%)
Reformate Demand Normal distribution 25.53
Naphtha price Normal distribution 19.33
Reformate(73%aromatic) price Norma' distribution 21.45
Reformate(77%aromatic) price Normal distribution 21.12
Hydre gen price Normal distribution 19.33
LPG price Normal distribution 10.32
Fuel Oil price Normal distribution 18.75
Water price Normal distribution 9.08
Financial evaluation Uniform random distribution 25.00
Environmental impact Uniform random distribution 20.00
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