
CHAPTER III 
METHODOLOGY

3.1 Materials and Equipment

3 .1 .1  E q u ip m e n t
•  D e s k to p  c o m p u te r  ( In te l  I n s id e  C o re  i7 , R A M  4  G B , W in d o w s  7 

a n d  M ic ro s o f t  O f f i c e  2 0 1 3 )
3 .1 .2  S o f tw a r e

•  S im a P ro  v e r s io n  7.1

3.2 Experimental Procedures

3.2 .1  G o a l ,  S c o p e . F u n c t io n a l  U n i t ,  a n d  S y s te m  B o u n d a ry
T h e  g o a l o f  th is  s tu d y  w a s  to  c o n d u c t  l i f e  c y c le  a s s e s s m e n t  o f  

u t i l i z a t io n  o f  c o m p r e s s e d  b io m e th a n e  g a s  ( C B G )  g e n e ra te d  f ro m  p ig  m a n u re  a n d  
n a p ie r  g ra s s  in  b o th  e n e rg y  a n d  e n v i r o n m e n ta l  a s p e c ts .  T h e n ,  it  c a n  s u g g e s t  th e  
im p ro v e m e n t  o f  th e  p r o d u c t io n  o f  b io f u e ls  to  b e  m o re  e n v i r o n m e n ta l  f r ie n d ly .

R e le v a n t  d a ta  r e q u i r e d  fo r  th e  a n a ly s is  w e r e  e x t r a c te d  f ro m  l i te r a tu r e s  
a n d  w e r e  a ls o  c o l le c te d  a t a n  a c tu a l  C B G  p la n t  in  M a e  T a e n g  d i s t r ic t ,  C h ia n g m a i  
p r o v in c e ,  T h a i la n d .  T h e  d a ta  w e r e  a n a ly z e d  b y  u s in g  c o m m e r c ia l  L C A  s o f tw a re , 
S im a P r o  7 .1 . T h e  f u n c t io n a l  u n i t  fo r  th is  s tu d y  w a s  s e t  to  b e  1 M J  o f  C B G  w h ic h  c a n  
b e  c o n v e r te d  in to  1 k i lo m e te r  o f  v e h ic le  d r iv e n  d is ta n c e . T h e  r e s u l t in g  C B G  f ro m  th e  
p r o c e s s e s  w a s  e v a lu a te d  in  te r m s  o f  g lo b a l  w a r m in g  p o te n t ia l  ( G W P  b a s e d  o n  
g r e e n h o u s e  g a s  e m is s io n s )  a n d  n e t e n e r g y  r a t io  ( N E R ) . T h e  r e s u l t s  w e re  a ls o  
c o m p a r e d  w ith  c o n v e n t io n a l  f u e ls  s u c h  a s  C N G  a n d  g a s o h o l  9 5 .

T h e  s y s te m  b o u n d a r y  o f  th e  w h o le  li fe  c y c le  ( f r o m  W e l l - to - W h e e l )  o f  
C B G  in  th is  s tu d y  c o v e r s  in  th e  a c q u is i t io n  o f  r a w  m a te r ia ls ,  b io g a s  p r o d u c t io n ,  
u p g r a d in g ,  c o m p r e s s io n ,  t r a n s p o r ta t io n ,  r e f u e l in g ,  a n d  th e  u s a g e  o f  C B G  b io fu e l  
( c o m b u s t io n )  a s  s h o w n  in  F ig u r e  3 .1 .
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Figure 3.1 T h e  s y s te m  b o u n d a r y  o f  th is  s tu d y .

3 .2 .2  I n v e n to ry  A n a ly s is  (L C D
i) C o l le c t  b o th  n u m e r ic a l  a n d  q u a l i ta t iv e  d a ta  fo r  a ll a c t iv i t i e s  b a s e d  

o n  th e  s y s te m  b o u n d a r y  c o n c e rn in g  a b o u t  a ll e n e r g y  in p u ts ,  r a w  m a te r ia ls ,  c h e m ic a ls ,  
u t i l i t ie s ,  a n d  e m is s io n s  in  e a c h  p r o c e s s .

Table 3.1 E x a m p le  o f  th e  d a ta  te m p la te  fo r  c o l le c t in g  d a ta

Unit process: Biogas production
In p u t in v e n to r y O u t ru t in v e n to r y

D e s c r ip t io n U n it A m o u n t R e m a r k D e s c r ip t io n U n it A m o u n t R e m a r k
Resources Products
P ig  l iq u id s k g B io g a s
N a p ie r  g r a s s k g

Utilities Emissions
E le c t r ic i ty k W h C 0 2 p p m
. . .
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ii)  Q u a n t i f y  th e  f lo w  o f  m a te r ia l  a n d  e n e r g y  a s  
lo a d  a t t r ib u ta b le  to  e a c h  s ta g e  o f  C B G ’s l i f e  c y c le  b a s e d  o n  th e  

T h e  d a ta  s o u rc e s  o f  in v e n to r y  d a ta  u s e d  in  th is

w e l l  a s  e n v i r o n m e n ta l  
f u n c t io n a l  u n it , 
s tu d y  a re  in d ic a te d  in

T a b le  3 .2 .

T a b le  3 .2  D a ta  s o u rc e s  o f  th is  s tu d y '

Stage Key parameter Type of data Source
Napier grass F e r t i l i z e r s S e c o n d a r y  d a ta  ( a d a p te d ) m , [ 9 ]cultivation D ie s e l S e c o n d a r y  d a ta m , [ 9 ]Biogas E le c t r ic i ty S e c o n d a r y  d a ta [1]production M e th a n e  lo sse s S e c o n d a r y  d a ta [1]

Biogas
upgrading

E le c t r ic i ty  t. 
M e th a n e  lo s s e s

S e c o n d a r y  d a ta  
S e c o n d a r y  d a ta

[ 2 ] , [4 ] ,[ 6 ] ,[ 8 ]  
O n s ite ,

[ 3 ] , [4 ] ,[ 5 ] ,[ 6 ] ,[8 ]
Compression

and E le c t r ic i ty S e c o n d a r y  d a ta  ( a d a p te d ) [1]Gas station
Transportation D is ta n c e P r im a r y  d a ta O n s i te
for napier grass D ie s e l  tru c k P r im a r y  d a ta O n s ite
Transportation D is ta n c e P r im a r y  d a ta O n s ite

for CBG D ie s e l  tru c k P r im a r y  d a ta O n s ite
Combustion F u e l  e c o n o m y S e c o n d a r y  d a ta [7]

[1] Previous reports and studies by National Metal and Materials Technology Center (MTEC).
[2] Scholz M. et al. (2012). Transforming biogas into biomethane using membrane technology. Renewable and 

Sustainable Energy Reviews. 17. 199-212โ
[3] Sternovem. Committee for Green Gas. From biogas to green gas. Upgrading techniques and suppliers. 

2ÉTPNG0840
[4] Jonsson ร. and Westman J. (2011). Cryogenic biogas upgrading using plate heat exchangers. Master’s thesis 

within the Sustainable Energy System Master’s programme. Chalmers University o f Technology. Sweden.
[5] Allégué L.B. and Hinge J. (2012). Biogas and bio-syngas upgrading report, Danish Technological Institute.
[6] UOP LLC.
[7] Emission and fuel consumption test results from PTT Public Company Limited.
[8] Deng L. and Hâgg M. (2010). Techno-economic evaluation o f biogas upgrading process using C 02 facilitated 

transport membrane. International Journal o f Greenhouse Gas Control, 4(4), 638-646.
[9] Bureau o f Animal Nutrition Development, Department o f Livestock Development. (2011). หญ้า1น1จยร์ปากๆ !อง 1.

3 .2 .3  I m p a c t  A s s e s s m e n t  ( L C IA )
I m p a c t  p o te n t ia l s  o f  th e  C B G  s y s te m  w e re  c o m p u te d  b a s e d  o n  th e  

L C I  r e s u l t s  b y  c o m p i l in g  d a ta  in th e  L C A  c o m m e r c ia l  p r o g ra m  n a m e d — S im a P r o  
v e r s io n  7 .1 — 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 d  th e n  
a n a ly z in g  th e  o v e ra l l  p r o c e s s e s  in  b o th  e n e r g y  a n d  e n v ir o n m e n ta l  a s p e c ts .
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E n e r g y  e f f ic ie n c y  w a s  e x p re s s e d  in  te rm s  o f  N E R  w h ic h  is  a  r a t io  o f  
e n e r g y  o u tp u t  to  to ta l  e n e r g y  in p u t  fo r  th e  l i fe  c y c le  o f  C B G . T h e  l i f e - c y c le  e n e r g y  
a n a ly s is  o f  b io g a s  s y s te m  w a s  c o n d u c te d  b y  e v a lu a t in g  d i r e c t  e n e r g y  in p u t;  
e le c t r i c i ty  a n d  d ie s e l ,  a n d  in d i r e c t  e n e r g y  in p u t ;  e n e rg y  a c c u m u la te d  in  c h e m ic a l  
p r o d u c t io n ,  e x c lu d in g  th e  e q u ip m e n t  a n d  m a c h in e r y  u s e d  in  th e  p r o c e s s e s .  T h e  
e n v i r o n m e n ta l  im p a c t  c a te g o r y  c o n s id e re d  in  th is  s tu d y  w a s  G W P  a s  g  C O 2 

e q u iv a le n t .  L U C  im p a c t  in  th is  s tu d y  w a s  e v a lu a te d  b y  u s in g  m e th o d o lo g y  d e v e lo p e d  
b y  in te r g o v e r n m e n ta l  p a n e l  o n  c l im a te  c h a n g e  ( IP C C ) . T h e  c a lc u la t io n  o f  G H G  
e m is s io n s  f ro m  L U C  m a d e  u s e  o f  “ th e  C o m m is s io n  D e c is io n  o f  10 J u n e  2 0 1 0  o n  
g u id e l in e s  fo r  th e  c a lc u la t io n  o f  la n d  u s e  c a r b o n  s to c k s  fo r  th e  p u r p o s e  o f  A n n e x  V  
o f  D i r e c t iv e  2 0 0 9 /2 8 /E C ” .

3 .2 .4  I n te r p r e ta t io n  a n d  R e p o r t in g
T h is  s te p  in v o lv e s  th e  c o m b in a t io n  a n d  in te r p r e ta t io n  o f  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  a s s e s s m e n t  to  p r o v id e  c o n c lu s io n s  a n d  r e c o m m e n d a t io n s  
c o n s is te n t  w i th  th e  g o a l  a n d  s c o p e  o f  th is  s tu d y .

i) C o m p a r e  th e  l i fe  c y c le  e n e r g y  a n d  e n v i r o n m e n ta l  p o te n t ia l  im p a c ts  
o f  C B G  w i th  o th e r  d i f f e r e n t  u p g r a d in g  te c h n o lo g ie s  b y  N E R  a n d  G W P .

ii) 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 rg 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  f o r  e a c h  s ta g e  o f  th e  C B G ’s li fe  c y c le .

ii i)  A n a ly z e  th e  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 r e  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 a ly s is  a n d  im p a c t  a s s e s s m e n t  s ta g e s .
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