
RESULTS AND DISCUSSION
C H A P T E R  IV

4.1 Inventory Analysis for the Three Scenarios Under Study

L ife  c y c le  in v e n to r y  (L C I )  d a ta  w e r e  c o m p i le d  f o r  P V C  p r o d u c t io n  in  th e  
f i r s t  tw o  c a s e s :  f u l ly  in te g r a te d  p r o c e s s  a n d  P V C  c o m p o u n d in g  f ro m  im p o r te d  V C M , 
f r o m  d a ta  s u p p l ie d  b y  c o r r e s p o n d in g  T h a i la n d  in d u s t r ia l  a s s o c ia t io n s  ( F ig u re s  4 .1  
a n d  4 .2 ) .  T h e  la s t  c a s e  e m p lo y e d  L C I  d a ta  in  th e  E c o in v e n t  d a ta b a s e , w h ic h  r e p r e ­
s e n t  a v e ra g e  P V C  p r o d u c t io n  in  E u r o p e  a s  a  re f e re n c e .

F ig u re  4.1 LCI data for a fully integrated P V C -production  process.-
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D e m in  w a te r 2 .8 2 2  k g

I m p o r te d  V C M 1 .0 5 0 8 1  k g

c o 2 3 3 5  g

S O x 0 .0 0 4  g

N O x 0 .0 2 3  g

T S P 1 2 .7 3  k g

V O C s 0 .0 3 1  g

B O D 5 1 .4 4 8  m g

C O D 3 4 .7 0 4  m g

S S 4 3 .2 7 2  m g

T D S 9 1 8 1 .6  m g

P V C  p r o d u c t io n P V C 1 k g

E le c tr ic i ty 0 .2 2 1  k W h

F u e l  g a s 2 6 6 .1  B T U

S te a m 0 .6 7 2  k g

W a te r 0.868  k g

Figure 4 .2  L C I  d a ta  f o r  m a n u f a c tu r in g  P V C  f ro m  im p o r te d  V C M .

T h e  e n v i r o n m e n ta l  lo a d s  a s s o c ia te d  w i th  th e  p r o d u c t io n  o f  1 k g  o f  P V C  
( f r o m  c r a d le - to - g a te )  in  e a c h  c a s e  w e r e  t a b u la te d  a n d  c o m p a r e d  ( T a b le  4 .1  a n d  F ig ­
u r e  4 .3 ) .  O n ly  th r e e  a tm o s p h e r ic  e m is s io n s ,  n a m e ly  C O 2, N O x  a n d  S O x , w e re  r e ­
p o r te d  h e r e  d u e  to  th e i r  m a jo r  c o n t r ib u t io n s  to  th e  o v e r a l l  e n v ir o n m e n ta l  p e r f o r m ­
a n c e  o f  p e t r o c h e m ic a l  p r o d u c ts  in  g e n e ra l .
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Table 4.1 L C I d a ta  r e g a r d in g  a i r  e m is s io n s  f ro m  th r e e  s c e n a r io s

: c o 2(kg) NOx (g) SOKg)

Manufacture PVC from fully integrated process 39.1 3820 158

Compounding PVC from imported VCM 1.95 9.79 1 0 . 6

PVC imported from Europe 1.95 9.72 9.68

■ FVC, fully integrated process B FVC, imported VCM □ FVC, imported from Europe

Figure 4.3 C o m p a r i s o n  o f  a i r  e m is s io n s  o f  th e  th r e e  s c e n a r io s .

T h e  l i f e  c y c le  in v e n to r y  a n a ly s i s  fo r  th e  th r e e  s c e n a r io s ,  f o c u s in g  o n  a tm o s ­
p h e r ic  p o l lu t io n ,  c le a r ly  s h o w s  th a t  th e  a m o u n t  o f  a i r  e m is s io n s  f ro m  f u l ly  g e n e r a te d  
p r o c e s s  is  to  a  g re a t  e x te n t  h ig h e r  th a n  th a t  f ro m  o th e r  c a s e s ,  p a r t ic u la r ly  in  th e  c a t e ­
g o ry  o f  N O x .  C o m p o u n d in g  P V C  f ro m  im p o r te d  V C M  a n d  P V C  m a n u f a c tu r e d  in  
E u r o p e  r e g i s te r  v e ry  a n a lo g o u s  p r o f i le s  th r o u g h o u t  th e  th r e e  c a te g o r ie s .  T h is  c a n  b e  
e x p la in e d  b y  th e  s im p l ic i ty  o f  th e  P V C  c o m p o u n d in g  p ro c e s s  a n d  th e  c o m p le x i ty  o f  
th e  V C M  s y n th e s i s  p r o c e s s ,  p a r t ic u la r ly  th e  e le c t r o ly s i s  o f  N a C l  to  p r o d u c e  C I2.
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To identify the sources o f  em issions from  the fully integrated  process, fu r­
ther analysis w as conducted  and the resu lts are presented  in F igures 4.4 and 4.5.

■  E th y le n e  0 E D C  □  V C M  □  P V C

Figure 4.4 C o m p a r i s o n  o f  e m is s io n s  f ro m  d i f f e r e n t  s ta g e s  ( u p s tr e a m  to  d o w n s t r e a m  
p r o d u c t io n )  in  th e  fu l ly  in te g r a te d  p r o c e s s  s y s te m .

■  M a te ria l อ  E nergy □  E m is s io n s

Figure 4 .5  C o m p a r i s o n  o f  e m is s io n s  f ro m  d if f e r e n t  s o u r c e s  ( th e  u s e  o f  m a te r ia l s ,  th e  
u s e  o f  e n e r g y  a n d  th e  m a n u f a c tu r in g  p r o c e s s )  in  th e  fu l ly  in te g r a te d  p r o c e s s  s y s te m .

T h e  e m is s io n s  o f  C O 2 a n d  S O x  a re  b o th  o r ig in a te d  d u r in g  th e  p r o d u c t io n  o f
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e th y le n e  a n d  d u e  to  t h e  in te n s iv e  u s e  o f  e n e r g y  a s  c le a r ly  s h o w n  in  th e  a b o v e  g ra p h s . 
O n  th e  o th e r  h a n d ,  N O x  is  p r e d o m in a n t ly  e m it te d  d u r in g  th e  m a n u f a c tu r in g  p r o c e s s  
o f  V C M  p r o d u c t io n .  L im i te d  b y  th e  s c o p e  o f  th i s  r e s e a r c h ,  it is  im p o s s ib le  to  id e n t i fy  
th e  s p e c i f ic  h o t- s p o ts  r e s p o n s ib le  fo r  th i s  e x c e s s iv e  a m o u n t  o f  N O x  e m is s io n s .  F u r ­
th e r  s tu d ie s ,  f o c u s in g  o n  th e  p r o d u c t io n  o f  V C M , a re  v ita l  in  o r d e r  to  im p ro v e  th e  
e n v ir o n m e n ta l  p e r f o r m a n c e  o f  th e  fu l ly  in te g r a te d  p r o c e s s  in  T h a ila n d .

4.2 Life Cycle Impact Assessment (LCIA) Results for the Three Scenarios

T h e  L C I  d a ta  f o r  e a c h  s c e n a r io  w e re  t r a n s la te d  in to  m o re  m e a n in g f u l  
e n v ir o n m e n ta l  im p a c t  in d ic a to r s ,  s u c h  a s  c l im a te  c h a n g e ,  r e s p i r a to r y  p r o b le m  o r  r e ­
s o u r c e  ( fo s s i l  fu e ls )  d e p le t io n ,  b y  a p p ly in g  th e  E c o in d ic a to r  9 9  a s s e s s m e n t  m e th o d . 
T h is  m e th o d o lo g y  a l s o  in c lu d e s  a  d a m a g e  a s s e s s m e n t  s te p  w h ic h  e x te n d s  th e  e n v i ­
r o n m e n ta l  im p a c ts  f u r th e r  to  s o c ie ta l  c o n c e r n s  o r  s a fe g u a rd  s u b je c ts ,  g ro u p e d  in to  
th r e e  d a m a g e  c a te g o r ie s :  h u m a n  h e a l th ,  e c o s y s te m  q u a li ty ,  a n d  r e s o u rc e s .  T h e  r e s u l ts  
o f  c o m p a r in g  im p a c t  c a te g o r ie s  a n d  d a m a g e  c a te g o r ie s  a m o n g  th e  th r e e  s c e n a r io s  a re  
s h o w n  b e lo w  in  F ig u r e s  4 .6  - 4 .1 0 .

■  PVC, fully integrated process □  PVC. imported VCM □  PVC, imported from Europe

F ig u re  4.6 C om parison  per im pact category (m id-poin t categories).
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■  PVC, fully integrated process □  PVC, imported VCM □  PVC, imported from Europe

Figure 4 .7  C o m p a r i s o n  b a s e d  o n  s o c ie ta l  c o n c e r n s  (e n d -p o in ts ) .

■ PVC, fully integrated process □ PVC, imported VCM □ PVC, imported from Europe

F ig u re  4.8 C om parison  per norm alized im pact category.
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■ PVC, fully integrated process □ PVC, imported VCM □ PVC, imported from Europe

Figure 4 .9  C o m p a r i s o n  p e r  n o r m a l iz e d  d a m a g e  c a te g o ry .
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PVC, fully integrated process PVC, imported from Europe PVC, imported raw material

F ig u re  4 .10 C om parison  per single-score dam age category.
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T a b l e  4 .2  P r o c e s s  c o n tr ib u t io n  to  o v e ra l l  e n v ir o n m e n ta l  lo a d s

P r o c e ss U n it P V C , fu lly  in te ­
g r a te d  p r o c ess

P V C , im ­
p o r te d  fr o m  
E u r o p e

P V C , im ­
p o r te d  V C M

T o ta l o f  a ll p r o c e sse s Pt 12.1 0 .2 2 8 0 .2 1 6

V in y l c h lo r id e  (V C M ) p r o c ess Pt 10.3 X X

E le c tr ic ity Pt 1.6 X 0 .0 0 4 4

E th y le n e  d ic h lo r id e Pt 0 .1 3 2 X X

N a p h th a , a t r e fin e r y Pt 0 .0 63 X X

S te a m , fo r  c h e m ic a l p r o c esse s Pt 0 .0 1 9 6 X 0 .0 1 0 7

L P G Pt 0 .00191 X X

E th y le n e Pt 0 .0 0 1 7 2 X X

F u e l g a s  (N a tu r a l gas) Pt 0 .0 0 1 6 9 X X

R e fin e r y  g a so lin e Pt 0 .0 0 1 2 6 X 0.00111

P e n ta n e , a t  p lan Pt 0 .0 0 0 4 2 4 X X

P V C  (fu lly  in te g r a te d ) Pt 0 .0 0 0 4 1 5 X X

W a te r , d e m in e r a liz e d , a t  p la n t Pt 5 .7 4 E -0 6 X 5 .2 5 E -0 6

W a te r , d e c a r b o n iz e d , a t p la n t Pt 2 .2 2 E -0 6 X 5 .1 9 E -0 7

V in y l  c h lo r id e , a t p la n t (S o u r c e :  
E u r o p e )

Pt X X 0 .1 9 8

P V C  (S o u r c e : E u ro p e ) Pt X 0 .2 2 8 X

P V C  (im p o r te d  V C M ) Pt X X 0 .0 0 1 9 1
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A m o n g  th e  th r e e  a n a ly z e d  s c e n a r io s ,  th e  f u l ly  in te g ra te d  p r o c e s s  to  m a n u ­
f a c tu re  P V C  f r o m  E th y le n e  a n d  N a C l a p p a r e n t ly  h a s  th e  p o o r e s t  e n v ir o n m e n ta l  p e r ­
fo rm a n c e  in  a ll  r e s p e c t s ,  m a r k e d ly  in  th e  “ r e s p i r a t io n  o f  in o rg a n ic s ”  c a te g o r y ,  w h ic h  
r e s u l ts  in  s e v e re  d a m a g e  to  h u m a n  h e a l th .  A f te r  th a t ,  in  d e s c e n d in g  o r d e r  o f  m a g n i ­
tu d e ,  e u t r o p h ic a t io n ,  f o s s i l  fu e l  d e p le t io n  a n d  c l im a te  c h a n g e  a re  m a jo r  p r o b le m s  a s ­
s o c ia te d  w i th  th e  f u l ly  in te g r a te d  p r o c e s s .  O v e ra l l ,  th e  e n v ir o n m e n ta l  lo a d s  b ro u g h t  
a b o u t  b y  th i s  p r o c e s s  a re  o v e r  f i f ty  t im e s  a s  s e r io u s  a s  th o s e  o f  th e  o th e r  tw o .

T h e  s c h e m e  o f  im p o r t in g  V C M  as  r a w  m a te r ia l  to  m a n u f a c tu r e  P V C  is  
r o u g h ly  c o m p a r a b le  to  P V C  p r o d u c t io n  in  E u ro p e .  B o th  o f  th e m  s h o w e d  v e r y  s im i la r  
p r o f i le s  a c ro s s  th e  im p a c t  c a te g o r ie s ,  in  w h ic h  d e p le t io n  o f  r e s o u rc e s  ( f o s s i l  f u e l)  
r e m a in e d  th e  m a jo r  c o n c e rn .

A s  a  r e s u l t  o f  th e  a b o v e  in te r p r e ta t io n s ,  th e  p r o d u c t io n  o f  V C M  is  th e  p r i ­
m a ry  c a u s e  f o r  p o o r  e n v ir o n m e n ta l  p e r f o r m a n c e  o f  th e  in te g ra te d  p r o c e s s  to  p r o d u c e  
P V C  in  T h a i la n d ,  p a r t ic u la r ly  d u r in g  th e  p r o c e s s  o f  m a n u f a c tu r in g  V C M , w h ic h  a c ­
c o u n ts  f o r  m o r e  th a n  8 5 %  o f  th e  to ta l  l o a d s  a s  i l lu s t r a te d  in  T a b le  4 .2  ( th e  r e s t  a re  
a t t r ib u te d  to  th e  u s e  o f  r a w  m a te r ia ls ) .  T h is  a ls o  a g r e e s  w e l l  w i th  th e  c o n c lu s io n  f ro m  
th e  F in a l  R e p o r t  o n  L if e  C y c le  A s s e s s m e n t  o f  P V C  ( E u ro p e a n  C o m m is s io n ,  2 0 0 4 ) .  
F u r th e r m o r e ,  a c c o r d in g  to  th e  L C I  a n a ly s i s ,  i t  c a n  b e  le a rn e d  t h a t  th e  e x c e s s iv e  
a m o u n t  o f  n o x io u s  N O x  in  a i r  e f f lu e n t  is  l ia b le  fo r  th a t  r e s p ir a to ry  p r o b le m .

4.3 Improvements Analysis for PVC Production

A s  d is c u s s e d  a b o v e , t h e  m a in  s o u r c e  o f  p ro b le m s  o c c u r r in g  in  th e  
P V C  p r o d u c t io n  s y s te m  c o m e s  f ro m  V C M  a n d  e a r l i e r  s ta g e s  ( f ro m  m id d le - s t r e a m  
u p w a rd s ) .  T h u s ,  w e  c a n  e i th e r  im p r o v e  th e  e n v ir o n m e n ta l  p e r f o r m a n c e  in  th e s e  tw o  
s ta g e s  (p r o c e s s - w is e ,  u p s t r e a m  a n d  m id d le - s t r e a m  p r o c e s s e s )  o r  in c r e a s e  th e  u s e  o f  
o th e r  s o u r c e s  o f  r a w  m a te r ia l  w h ic h  h a v e  le s s  e n v ir o n m e n ta l  b u rd e n s ,  s u c h  a s  im ­
p o r te d  V C M  in  th i s  c a s e . F o r  th e  l a t te r  o p t io n ,  t h r e e  d if f e r e n t  c a s e s , u s in g  th e  p r e s e n t  
s i tu a t io n  a s  a  b a s e l in e ,  w e r e  a n a ly z e d . P r e s e n t ly ,  th e  ra t io  o f  im p o r te d  a n d  d o m e s t ic  
V C M  c u r r e n t ly  is  1 2 .4 :8 7 .6  ( s o u rc e  P T I T ) ,  a n d  th u s  i t  w a s  in c re a s e d  to  3 0 :7 0  a n d  
4 0 :6 0  in  tw o  p r o p o s e d  s c e n a r io s .  L C A  a n a ly s i s  w a s  th e n  a p p l ie d  f o r  c o m p a r is o n  a n d  
th e  r e s u l ts  a re  p r e s e n te d  in  t h e  fo l lo w in g  g ra p h s  ( F ig u r e s  4 .1 1  -  4.15).
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F i g u r e  4 .1 1  C o m p a r i s o n  p e r  im p a c t  c a te g o r y  a m o n g  d if f e r e n t  r a t io s  o f  d o m e s t ic  a n d  
im p o r te d  V C M  in  P V C  p ro d u c tio n .

Human Health Ecosystem Quality Resources
■  P V C  (c u r re n t ,  8 7 .6 :1 2 .4 )  D  P VC  (h y p o th e s iz e d ,  7 0 :3 0 )  □  P VC  (h y p o th e s iz e d , 6 0 :4 0 )

F i g u r e  4 .1 2  C o m p a r i s o n  p e r  d a m a g e  c a te g o r y  a m o n g  d if f e r e n t  r a t io s  o f  d o m e s t ic  
a n d  im p o r te d  V C M  in  P V C  p ro d u c tio n .
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■  PVC (current, 87.6:12.4) □  PVC (hypothesized,70:30) DPVC (hypothesized,60:40)

F i g u r e  4 .1 3  C o m p a r i s o n  p e r  n o r m a l iz e d  im p a c t  c a te g o ry  a m o n g  d i f f e r e n t  r a t io s  o f  
d o m e s t ic  a n d  im p o r te d  V C M  in  P V C  p r o d u c tio n .
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■  PVC (current, 87.6:12.4) m PVC (hypothesized, 70.30) DPVC (hypothesized, 60:40)

F i g u r e  4 .1 4  C o m p a r i s o n  p e r  n o r m a l iz e d  d a m a g e  c a te g o r y  a m o n g  d if f e r e n t  r a t io s  o f  
d o m e s t ic  a n d  im p o r te d  V C M  in  P V C  p ro d u c tio n .
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F i g u r e  4 .1 5  C o m p a r i s o n  p e r  s in g le - s c o r e  d a m a g e  c a te g o r y  a m o n g  d i f f e r e n t  r a t io s  o f  
d o m e s t ic  a n d  im p o r te d  V C M  in  P V C  p r o d u c t io n .

A c c o r d in g  to  th e  a n a ly s i s  r e s u l ts ,  b y  in c r e a s in g  th e  p e r c e n ta g e  o f  im p o r te d  
V C M  in  f e e d s to c k ,  f ro m  1 2 .4 %  to  3 0 % , th e  o v e ra l l  e n v ir o n m e n ta l  p e r f o r m a n c e  o f  
P V C  p r o d u c t io n  c a n  b e  e n h a n c e d  c o n s id e r a b ly  b y  2 0 % , w i th  th e  c o r r e s p o n d in g  d e ­
c r e a s e  in  a l l  th e  r e l e v a n t  e n v ir o n m e n ta l  im p a c ts .  F u r th e r m o r e ,  th e  im p r o v e m e n t  c a n  
b e  b o o s te d  u p  to  3 0 %  w h e n  th e  ra t io  b e tw e e n  im p o r te d  a n d  d o m e s t ic  V C M  w a s  
s h if t e d  to  4 0 :6 0 ,  a s  i l lu s t r a te d  in  F ig u r e  4 .1 5 .

T h is  s h i f t  in  im p o r te d  a n d  lo c a l ly  m a n u f a c tu r e d  V C M  a ls o  p r o v id e s  e x t r a  
b e n e f i t  in  t e r m s  o f  s a v in g  o n e  o f  th e  m o s t  im p o r ta n t  r e s o u r c e s  o f  T h a i la n d  -  n a tu r a l  
g a s  f o r  p r o d u c in g  e th y le n e .  U t i l i z in g  im p o r te d  V C M  m a y  h e lp  to  p r o lo n g  th e  s e rv ic e  
t im e  o f  th e  lo c a l  n a tu r a l  g a s  r e s o u r c e ,  w h ic h  is  l im i te d  in  c a p a c ity  a n d  in te n s e ly  d e ­
m a n d e d  b y  th e  e n e r g y  p r o d u c t io n  s e c to r . H o w e v e r ,  i t  is  a d v is a b le  th a t  o th e r  fa c to r s ,  
s u c h  a s  th e  e c o n o m ic  a n d  s o c ia l  im p a c ts ,  w h ic h  w e re  b e y o n d  th e  s c o p e  o f  th i s  s tu d y , 
s h o u ld  b e  c a r e f u l ly  ta k e n  in to  c o n s id e r a t io n  w h e n  im p le m e n t in g  s u c h  a  c h a n g e .

PVC, mixed raw material PVC, mixed raw material PVC, mixed raw material
(87.6:12.4) (hypothized, 70:30) (hypothized, 60:40)
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