
C H A P T E R  I I I

EXPERIMENTAL

3.1 Materials and Equipment
3 .1 .1  E q u ip m e n t :

3 .1 .1 .1  D esk to p  co m p u ter  (P en tium  IV, R A M  1 GB, W in dow  X P  a n d  M i
cro so ft O ffice 2 0 0 7 )

3 .1 .2  S o f tw a re :
3 .1 .2 .1  P R O /II  v e rs io n  8 .2
3 .1 .2 .2  S im a P ro  vers io n  7.0
3 .1 .2 .3  S u sta in P ro
3 .1 .2 .4  IC A S  v ers io n  12 .0
3 .1 .2 .5  G A M S  vers io n  2 .0

3.2 Experimental Procedures
3 .2 .1  P r e p a r a t io n

S tu d y  a n d  r e v ie w  th e  b a c k g r o u n d  o f  b io e th a n o l  p r o d u c t io n  in c lu d in g  
th e i r  e n v i r o n m e n ta l  im p a c t  th r o u g h  L C A  te c h n iq u e ,  c o n t r a c t  T h a i  R o o n g  R u a n g  
E n e r g y  C o .,L td  ( T R E )  a n d  g a th e r in g  a ll o f  th e  d a ta  a v a i la b le .

3 .2 .2  M o d e l in g
S im u la te  th e  p r o c e s s  o f  b a s e  c a s e  d e s ig n  b a s e d  o n  T R E  p r o c e s s  a n d  l i 

te r a tu r e s  a s  s h o w n  in  T a b le  3 .1 , b y  u s in g  P R O /I I  8 .2  s im u la t io n  p r o g r a m  a s  s im u la to r .

Table 3.1 S o u rc e  o f  d a ta  o f  b a s e  c a s e  s im u la t io n

Stage Data Item Source of data
TRE Literatures

P r e t r e a tm e n t * *

N e u tr a l iz a t io n * *

F e r m e n ta t io n *

R e c o v e r y * *
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3 .2 .3  S u s ta in a b i l i ty  A n a ly s is
P e r f o r m  s u s ta in a b i l i ty  a n a ly s is  o f  b a s e  c a s e  d e s ig n  u s in g  S u s ta in P ro . 

T h is  a n a ly s is  is  d iv id e d  in  to  f iv e  s te p s  a s  fo l lo w :
3 .2 .3 .1  C o llec tio n  o f  S tea d y -s ta te  D a ta
3 .2 .3 .2  F lo w sh ee t D eco m p o sitio n
3 .2 .3 .3  C a lcu la tio n  o f  In dica tors, S u sta in a b ility  M etr ic s  a n d  S a fe ty  In die  

es
3 .2 .3 .4  In d ica to r  se n s itiv ity  a n a lys is
3 .2 .3 .5  O p e ra tio n a l se n s itiv ity  a n a lysis

3 .2 .4  L i f e  C y c le  A s s e s s m e n t
T h e  a s s e s s m e n t  is  c a r r ie d  o u t  in  f o u r  p h a s e s  c o n s i s t in g  o f :

3 .2 .4 .1  D efin in g
•  I d e n t i f y  fu n c t io n a l  u n i t  o f  b io e th a n o l  p r o d u c t io n :  In  th is  r e 

s e a rc h , tw o  f u n c t io n a l  u n i t s  a r e  u s e d  in  th i s  s tu d y : 1 k i lo g r a m  o f  b io e th a n o l  9 9 .5  w t%  
p u r i ty  a n d  1 m e g a jo u le  o f  b io e th a n o l  9 9 .5  w t%  p u r i ty .

•  D e te r m in e  s y s te m  b o u n d a r ie s  o f  b io e th a n o l  p r o d u c t io n  (w h a t  
is  a n d  is  n o t  in c lu d e d  in  th is  r e s e a rc h )  a n d  m a k e  a s s u m p t io n s  b a s e d  o n  th e  g o a l d e f i 
n i t io n . In  th is  r e s e a r c h ,  s y s te m  b o u n d a r y  o f  b io e th a n o l  p r o d u c t io n  p r o c e s s  is  s h o w n  
in  F ig u r e  3 .1 .

Figure 3.1 S y s te m  b o u n d a r y  fo r  b io e th a n o l  c o n v e r s io n  p r o c e s s .
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3 .2 .4 .2  In ven to ry  A n a lysis
•  C o l le c t  d a ta  r e la te d  to  e n v i r o n m e n t  a n d  te c h n i c a l  q u a n t i t i e s  fo r  

a ll r e le v a n t  a n d  w i th in  th e  b o u n d a r ie s  u n i t  p r o c e s s e s ,  f o r  e x a m p le ;
R a w  m a te r ia ls ,  u t i l i t ie s ,  a n d  e n e r g y  c o n s u m p t io n s  
A i r  a n d  w a te r  e m is s io n s  
W a s te  g e n e ra t io n s

T h e  s o u rc e  o f  in v e n to r y  d a ta  o f  b io e th a n o l  c o n v e r s io n  p r o c e s s
is  s h o w n  in  T a b le  3 .2 . •

Table 3.2 S o u rc e s  o f  in v e n to r y  d a ta  o f  b io e th a n o l  c o n v e r s io n  p r o c e s s

Step Type of data Data source
S u g a rc a n e  f a r m in g  a n d  p r o c e s s in g 2 nd D a ta M T E C  R e s e a r c h

E th a n o l  c o n v e r s io n 2 nd D a ta P r o c e s s  S im u la t io n
W a s te  w a te r  t r e a tm e n t 2 nd D a ta T R E  C D M  p r o je c t

•  Q u a n t i f y  h o w  m u c h  e n e r g y  a n d  r a w  m a te r ia l s  a r e  u s e d ,  a n d  
h o w  m u c h  s o l id ,  l iq u id  a n d  g a s e o u s  w a s te  is  g e n e ra te d ,  a t  e a c h  s ta g e  o f  th e  p r o d u c t 's  
life .

3 .2 .4 .3  I m p a c t  A s s e s s m e n t

•  C a lc u la te  im p a c t  p o te n t ia l s  b a s e d  o n  th e  L C I  r e s u l t s  b y  u s in g  
s o f tw a re  n a m e d — S im a P r o  v e r s io n  7 .0 — w ith  E c o - in d ic a to r  9 5  a n d  C M L  2  b a s e l in e  
2 0 0 0  m e th o d s .

•  A n a ly z e  a n d  c o m p a re  th e  im p a c ts  o n  h u m a n  h e a l th  a n d  th e  
e n v i r o n m e n t  b u r d e n s  a s s o c ia te d  w i th  r a w  m a te r ia l  a n d  e n e r g y  in p u ts  a n d  e n v i r o n 
m e n ta l  r e le a s e s  q u a n t i f i e d  b y  th e  in v e n to r y ,  f o r  e x a m p le ;

A c id i f ic a t io n  
G lo b a l  w a r m in g  
E u t ro p h ic a t io n  
E n e r g y  R e s o u r c e s
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3 .2 .4 .4  In terp re ta tio n
•  E v a lu a te  th e  n e t  e n e r g y  g a in , n e t  e n e r g y  r a t io  a n d  G H G  e m is 

s io n  p e r  o n e  k i lo g r a m  e th a n o l  th e  d e s ig n  o f  b io e th a n o l  c o n v e r s io n  p r o c e s s .

•  E v a lu a te  o p p o r tu n i t ie s  to  r e d u c e  e n e r g y ,  m a te r ia l  in p u ts ,  o r  
e n v i r o n m e n ta l  im p a c ts  a t  e a c h  s ta g e  o f  th e  p r o d u c t  l i f e - c y c le .

•  A n a ly z e  a n  im p ro v e m e n t ,  in  w h ic h  r e c o m m e n d a t io n s  a re  
m a d e  b a s e d  o n  th e  r e s u l t s  o f  th e  in v e n to r y  a n d  im p a c t  s ta g e s .

3 .2 .5  R e - m o d e l in g
3 .2 .5 .1  G en era te  n ew  design  a lte rn a tive  using  P R O /II  a n d  co n sid er  the 

re su lts  f r o m  su s ta in a b ility  an alysis.
3 .2 .5 .2  P erfo rm  su s ta in a b ility  a n a lys is  o f  n ew  d e s ig n  to  ca lcu la te  in d ica 

tors. su s ta in a b ility  m etrics, a n d  sa fe ty  indices. The exam ple  o f  in d ica to rs  are;
M a te r ia l -v a lu e  a d d e d  (M V A )
E n e r g y  a n d  w a s te  c o s t  ( E W C )
T o ta l  v a lu e  a d d e d  ( T V A )

3 .2 .5 .3  P erform  life cyc le  a ssessm en t o f  new  d es ig n  to  eva lu a te  en v iro n 
m en ta l im pact. The ex a m p les o f  im pacts are;

A c id i f ic a t io n  
G lo b a l  w a r m in g  
E u t ro p h ic a t io n  
E n e r g y  r e s o u rc e s

3 .2 .6  C o m p a r in g
C o m p a r e  th e  r e s u l t s  b e tw e e n  b a s e  c a s e  a n d  a l t e r n a t iv e s  to  c o n f i rm  th a t  

h o w  m u c h  th e  n e w  d e s ig n  is  im p ro v e d . T h e  r e s u l t s  a r e  in c lu d e d ;
3 .2 .6 .1  In d ica to rs
3 .2 .6 .2  S u sta in a b ility  M etrics
3 .2 .6 .3  พA R A Igorithm
3 .2 .6 .4  S a fe ty  In d ices
3 .2 .6 .5  L ife C ycle  A ssessm en t
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