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A P P E N D IC E S

Appendix A Life Cycle Inventory (LCI)

Table A1 Results of the inventory analysis of napier grass plantation and harvesting

Unit process: Napier grass plantation and harvesting
Input Out|put

Type Unit Quantity Type Unit Quantity
Material

-

Product
Fertilizer (N) kg 2 Napier grass Ton 1
Fertilizer (P) kg 0.13 (Curb weight)
Fertilizer (K) kg 0.13

Air emission
Fuel Carbon dioxide kg 4.247
Diesel L 1.568 Dinitrogen monoxide kg 0.03143
Resource
Surface water L 26,666.67

Table A2 Results of the inventory analysis of biogas production process
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Table A3 Results of the inventory analysis of biogas upgrading process

Unit process: Biogas upgrading พ ! ' ^ ? ^ ^ . ■ <<■ '̂'■ ร,,• . ; *  >> '

Iniput ; ■ . Out put
Type Unit Quantity Type Unit Quantity

Substrate
Biogas m3 1.43823

Product
Biomethane m3 1

(39.36°c, 1.01 bar)
Energy
Electricity

kWh 0.45257
(30°c, 1 barg)
Air emission
Methane kg 0.0081199

Table A4 Results of the inventory analysis of compression and gas station (MTEC, 
2012)

Unit process: Compression and gas station -, 4'.- ■*
Input Output

Type Unit Quantity Type Unit Quantity
Substrate Product
Biomethane m3 0.0855 Compressed bio- kg 1
(25°c, 180 psig) methane gas (CBG)
Energy Air emission
Electricity kWh 0.1084 Methane mg 532.35

Carbon dioxide mg 206.46
Chemical _
Compressor oil L 3.068E-04 Liquid waste

- Waste oil mg 188.77
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T a b le  A 5  R esu lts  o f  T h e  in v en to ry  d a ta  o f  n ap ie r  g ra ss  tra n sp o rta tio n  (fu ll lo ad )
(M T E C , 2 0 1 2 )

Inventory of napier grass transportation (full load)
Input - Output

Type Amount Unit Type Amount Unit
Fuel Product
Diesel 7.769E-02 kg Napier grass 318.932 kg

Emission to Air -

Carbon dioxide 2.29E+02 gCarbon monoxide 2 84E+00 gNitrogen oxides 6.13E-01 gParticulate matter 1.91E-02 gElydrocarbons 5.30E-01 gMethane 1.28E-02 gBenzene 1.00E-02 gToluene 4.31E-03 gXylene 4.31E-03 gNon -  methane volatile 2.76E-01 gorganic compounds
Sulfur oxides 5.25E-02 gNitrous Oxide 9.41E-03 gCadmium 7.48E-07 gCopper 1.27E-04 gChromium 3.75E-06 gNickel 5.25E-06 gSelenium 7.48E-07 gZinc 7.48E-05 gLead- 8.23E-09 gMercury 1.50E-09 g
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T a b le  A 6 R e su lts  o f  T he in v e n to ry  d a ta  o f  n a p ie r  g rass  tra n sp o rta tio n  (n o -lo ad )
(M T E C , 2 0 1 2 )

' ' v-'\ . Inventory of napier grass transportation (no-load)
' nput Output

_____Type_____ Amount Unit _________Type Amount Unit
Fuel Product
Diesel 5.758E-07 kg~ Napier grass - kg

Emission to Air
Carbon dioxide 1.65E-03 gCarbon monoxide 2.04E-05 gNitrogen oxides 4.41E-06 gParticulate matter 1.38E-07 gHydrocarbons 3.82E-06 gMethane 9.15E-08 gBenzene 7.25E-08 gToluene 3.05E-08 gXylene 3.05E-08 gNon -  methane volatile 2.05E-06 gorganic compounds
Sulfur oxides 3.89E-07 gNitrous Oxide 7.00E-08 gCadmium 5.55E-12 gCopper 9.45E-10 gChromium 2.78E-11 gNickel 3.89E-11 gSelenium 5.55E-12 gZinc 5.55E-10 gLead -6.10E-14 gMercury 1.1 IE-14 g
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T a b le  A 7 R e su lts  o f  T h e  in v en to ry  d a ta  o f  C B G  tran sp o rta tio n  (fu ll lo ad ) (M T E C ,
2 0 1 2 )

Inventory of CBG transportation (full load)
nput OutpeIt

Type Amount Unit Type Amount Unit
Fuel Product
Diesel 1.03851 kg CBG 5422.46 kg

Emission to Air
Carbon dioxide 3.27E+03 gCarbon monoxide 6.88E+00 gNitrogen oxides 1.32E+01 gParticulate matter 6.83E-01 gHydrocarbons 1.59E+00 gMethane 3.81E-02 gBenzene 3.02E-02 gToluene 1.27E-02 gXylene 1.27E-02 gNon -  methane volatile 4.86E+00 gorganic compounds
Sulfur oxides 6.99E-01 gNitrous Oxide 1.26E-01 gCadmium 1.00E-05 g- Copper 1.70E-03 gChromium 5.01E-05 gNickel 6.99E-05 gSelenium 1.00E-05 gZinc 1.00E-03 gLead 1.10E-07 gMercury 2.01E-08 g
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T a b le  A 8 R e su lts  o f  T h e  in v en to ry  d a ta  o f  C B G  tra n sp o rta tio n  (n o -lo a d )  (M T E C ,
2012)

'
____ Type

Inventory
nput

Amount
of CB(
tü ü l
Unit

Ï transportation (no-load 
Outpi]

Type
)___________

Amount
Fuel Product
Diesel 1.29E-06 kg CBG - kg

Emission to Air
Carbon dioxide 3.77E-03 gCarbon monoxide 7.93E-06 gNitrogen oxides 1.52E-05 gParticulate matter 7.85E-07 gHydrocarbons 1.83E-06 gMethane 4.40E-08 gBenzene 3.48E-08 gToluene 1.47E-08 gXylene 1.47E-08 gNon -  methane volatile 6.06E-06 gorganic compounds
Sulfur oxides 8.74E-07 gNitrous Oxide 1.57E-07 gCadmium 1.25E-11 g- Copper 2.12E-09 gChromium 6.24E-11 gNickel 8.74E-11 gSelenium 1.25E-11 gZinc 1.25E-09 gLead 1.37E-13 gMercury 2.50E-14 g
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Table A9 Results of The inventory data of CBG combustion stage (PTT, 2012)
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Appendix B Life Cycle Impact Assessment (LCIA)

Table B1 R e s u l ts  o f  th e  im p a c t  a s s e s s m e n t  o f  1 M J  C B G  b y  u s in g  C M L  2  b a s e l in e  
2 0 0 0  V 2 .0 3  /  W o r ld , 1 9 9 5

Impact category Unit Total
a b io t ic  d e p le t io n k g  S b  eq 1 .4 8 E -0 4
g lo b a l  w a r m in g  ( G W P 1 0 0 ) k g  C 0 2  eq 5 .6 8 E - 0 2
o z o n e  la y e r  d e p le t io n  ( O D P ) k g  C F C -1 1  e q 5 .7 4 E - 1 2
h u m a n  to x ic i ty k g  1 ,4 -D B  eq 9 .2 8 E - 0 5
f re s h  w a te r  a q u a tic  e c o to £ . k g  1 ,4 -D B  eq 2 .4 9 E - 0 6
m a r in e  a q u a t ic  e c o to x ic i ty k g  1 ,4 -D B  eq 2 .4 5 E - 0 2
te r r e s t r i a l  e c o to x ic i ty k g  1 ,4 -D B  eq 2 .6 6 E - 0 7
p h o to c h e m ic a l  o x id a t io n k g  C 2 H 4 2 .1 2 E - 0 5
a c id i f ic a t io n k g  S 0 2  eq 4 .8 0 E - 0 5
e u t ro p h ic a t io n k g  P 0 4 —  eq 7 .3 4 E - 0 6

Table B2 R e s u l ts  o f  th e  im p a c t  a s s e s s m e n t  o f  1 M J  C B G  b y  u s in g  E c o - in d ic a to r  95 
V 2 .0 3  /  E u r o p e  e

Impact category Unit Total
g r e e n h o u s e k g  C 0 2 3 .5 8 E - 0 2
o z o n e  la y e r k g  C F C 1 1 7 .5 6 E - 1 2
a c id i f ic a t io n k g  S 0 2 5 .6 0 E -0 5
e u t r o p h ic a t io n k g  P 0 4 7 .3 5 E - 0 6
h e a v y  m e ta ls k g  P b 7 .7 7 E - 1 0
c a r c in o g e n s k g  B (a )P 1 .4 3 E - 1 1
w in te r  s m o g k g S P M 8 .4 5 E - 0 4
s u m m e r  sm o g k g  C 2 H 4 3 .1 3 E - 0 5
p e s t ic id e s k g  a c t .s u b s t O.OOE+OO
e n e r g y  r e s o u r c e s M J  L H V 2 .2 2 E -0 1
s o l id  w a s te k g 2 .0 7 E - 0 5
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Table B3 Results of the impact assessment of napier grass cultivation stage for
producing 1 MJ of CBG by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit Total
a b io t ic  d e p le t io n k g  S b  e q 1 .0 9 E -0 7
g lo b a l w a r m in g  ( G W P  1 0 0 ) k g  C 0 2  eq . 4 .3 1 E - 0 5
o z o n e  la y e r  d e p le t io n  ( O D P ) k g  C F C -1 1  e q 2 .7 8 E - 2 3
h u m a n  to x ic i ty k g  1 ,4 -D B  eq 1 .0 3 E -0 7
f re s h  w a te r  a q u a t ic  e c o to x . k g  1 ,4 -D B  eq 2 .6 2 E - 1 0
m a r in e  a q u a t ic  e c o to x ic i ty k g  1 ,4 -D B  eq 1 .8 7 E -0 9
te r re s t r ia l  e c o to x ic i ty - k g  1 ,4 -D B  eq 3 .0 9 E - 1 1
p h o to c h e m ic a l  o x id a t io n k g  C 2 H 4 1 .7 3 E -0 9
a c id if ic a t io n k g  S 0 2  eq 8 .2 9 E - 0 8
e u t ro p h ic a t io n k g  P 0 4 —  e q ,  1 .2 6 E -0 8

Table B4 R e s u l ts  o f  th e  im p a c t  a s s e s s m e n t  o f  n a p ie r  g r a s s  c u l t iv a t io n  s ta g e  fo r  
p r o d u c in g  1 M J  o f  C B G  b y  u s in g  E c o - in d ic a to r  9 5  V 2 .0 3  /  E u r o p e  e

Impact category Unit Total
g r e e n h o u s e k g  C 0 2 4 .0 2 E -0 5
o z o n e  la y e r k g  C F C 1 1 3 .7 0 E -2 3  '
a c id i f ic a t io n k g  S 0 2 9 .3 2 E -0 8
e u t r o p h ic a t io n k g  P 0 4 1 .2 2 E -0 8
h e a v y  m e ta ls kg  P b 6 .8 1 E - 1 6
c a r c in o g e n s k g  B (a )P 2 .4 4 E -1 5
w in te r  s m o g k g  S P M 2 .5 0 E - 0 8
s u m m e r  s m o g k g  C 2 H 4 9 .5 3 E - 1 0
p e s t ic id e s k g  a c t .s u b s t 0 .0 0 E + 0 0
e n e rg y  r e s o u r c e s M J L H V 2 .2 5 E - 0 4
s o l id  w a s te k g 6 .6 0 E - 0 9
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Table B5 Results of the impact assessment of biogas production process for
producing 1 MJ of CBG by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit Total
a b io t ic  d e p le t io n k g  S b  e q 3 .4 9 E -0 5
g lo b a l  w a r m in g  ( G W P 1 0 0 ) k g  C 0 2  e q 3 .1 7 E -0 2
o z o n e  la y e r  d e p le t io n  (O D P ) k g  C F C -1 1  e q 3 .9 9 E -1 3
h u m a n  to x ic i ty k g  1 ,4 -D B  eq 1 .7 9 E -0 5
f r e s h  w a te r  a q u a t ic  e c o to x . k g  1 ,4 -D B  eq 4 .2 4 E - 0 7
m a r in e  a q u a tic  e c o to x ic i ty k g  1 ,4 -D B  e q 4 .6 1 E -0 3
te r r e s t r i a l  e c o to x ic i ty k g  1 ,4 -D B  e q -  5 .2 7 E -0 8
p h o to c h e m ic a l  o x id a t io n k g  C 2 H 4 7 .4 7 E - 0 6
a c id i f ic a t io n k g  S 0 2  eq~ 1 .0 1 E -0 5
e u t r o p h ic a t io n k g  P 0 4 —  e q 1 .4 5 E -0 6

Table B6 R e s u l ts  o f  th e  im p a c t  a s s e s s m e n t  o f  b io g a s  p r o d u c t io n  p r o c e s s  fo r  
p r o d u c in g  1 M J  o f  C B G  b y  u s in g  E c o - in d ic a to r  9 5  V 2 .0 3  /  E u ro p e  e

Impact category Unit Total
g r e e n h o u s e k g  C 0 2 1 .7 2 E -0 2
o z o n e  la y e r k g  C F C 1 1 5 .3 2 E - 1 3
a c id i f ic a t io n k g  S 0 2 1 .1 6 E -0 5
e u t r o p h ic a t io n k g  P 0 4 1 .4 5 E -0 6
h e a v y  m e ta ls k g  P b 1 .5 3 E -1 0
c a r c in o g e n s k g  B ( a )P 3 .0 8 E - 1 2
w in te r  s m o g k g  S P M 1.9 0 E -0 4
s u m m e r  s m o g k g  C 2 H 4 8 .6 5 E - 0 6
p e s t ic id e s k g  a c t . s u b s t 0 .0 0 E + 0 0
e n e r g y  r e s o u r c e s M J L H V 5 .3 6 E - 0 2
s o l id  w a s te k g 4 .9 6 E - 0 6



80

Table B7 Results of the impact assessment of biogas upgrading process for
producing 1 MJ of CBG by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit Total
a b io t ic  d e p le t io n k g  S b  eq 9  9 7 E -0 5
g lo b a l  w a r m in g  ( G W P 1 0 0 ) k g  C 0 2  e q 2 .2 6 E - 0 2
o z o n e  la y e r  d e p le t io n  ( O D P ) k g  C F C - 1 1 e q 1 .2 2 E -1 2
h u m a n  to x ic i ty k g  1 ,4 -D B  e q 5 .4 4 E - 0 5
f re s h  w a te r  a q u a t ic  e c o to x . k g  1 ,4 -D B  eq 1 .3 0 E -0 6
m a r in e  a q u a t ic  e c o to x ic i ty k g  1 ,4 -D B  e q 1 .4 1 E -0 2
te r r e s t r i a l  e c o to x ic i ty k g  1 ,4 -D B  e q 1 .6 1 E -0 7
p h o to c h e m ic a l  o x id a t io n k g  C 2 H 4 3 .4 9 E - 0 6
a c id i f ic a t io n k g  S 0 2  eq 3 .0 3 E - 0 5
e u t ro p h ic a t io n k g  P 0 4 —  eq 4 .4 0 E - 0 6

Table-B8 R e s u l ts  o f  th e  im p a c t  a s s e s s m e n t  o f  b io g a s  u p g r a d in g  p r o c e s s  f o r  
p r o d u c in g  1 M J  o f  C B G  b y  u s in g  E c o - in d ic a to r  9 5  V 2 .0 3  /  E u r o p e  e

Impact category Unit Total
g r e e n h o u s e k g  C 0 2 1 .6 9 E -0 2
o z o n e  la y e r k g  C F C 1 1 1 .6 3 E -1 2
a c id i f ic a t io n k g  S 0 2 3 .4 8 E - 0 5
e u t ro p h ic a t io n k g  P 0 4 4 .4 0 E - 0 6
h e a v y  m e ta ls k g  P b 4 .6 6 E - 1 0  -
c a r c in o g e n s k g  B (a )P 9 .3 9 E - 1 2
w in te f  s m o g k g  S P M 5 .8 0 E - 0 4
s u m m e r  s m o g k g  C 2 H 4 3 .8 8 E - 0 6
p e s t ic id e s k g  a c t .s u b s t O.OOE+OO
e n e r g y  r e s o u r c e s M J L H V 1 .4 8 E -0 1
s o l id  w a s te k g 1 .3 9 E -0 5
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Table B9 Results of the impact assessment of compression and gas station phase for
producing 1 MJ of CBG by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit Total
a b io t ic  d e p le t io n k g  S b  eq 1.31 บ:-05
g lo b a l  w a r m in g  ( G W P  1 0 0 ) k g  C 0 2  eq 1 .8 1 E -0 3
o z o n e  l a y e r  d e p le t io n  ( O D P ) k g  C F C - 1 1 eq 4 .1 2 E - 1 2
h u m a n  to x ic i ty k g  1 ,4 -D B  eq 1 .1 6 E -0 5
f re s h  w a t e r  a q u a t ic  e c o to x . k g  1 ,4 -D B  eq 7 .7 2 E - 0 7
m a r in e  a q u a t ic  e c o to x ic i ty k g  1 ,4 -D B  eq 5 .8 3 E -0 3
te r r e s t r i a l  e c o to x ic i ty k g  1,4 -D B  e q 5 .2 4 E - 0 8
p h o to c h e m ic a l  o x id a t io n k g  C 2 H 4 1 .5 7 E -0 7
a c id i f ic a t io n k g  S 0 2  e q 3 .9 9 E - 0 6
e u t r o p h ic a t io n k g  P 0 4 —  e q 5 .7 6 E - 0 7

Table BIO R e s u l ts  o f  th e  im p a c t  a s s e s s m e n t  o f  c o m p r e s s io n  a n d  g a s  s ta t io n  p h a s e  
fo r  p r o d u c in g  1 M J  o f  C B G  b y  u s in g  E c o - in d ic a to r  9 5  V 2 .0 3  /  E u r o p e  e

Impact category Unit Total
g r e e n h o u s e k g  C 0 2 1 .6 6 E -0 3
o z o n e  la y e r k g  C F C 1 1 5 .4 0 E - 1 2
a c id i f ic a t io n k g  ร  0 2 4 .5 7 E - 0 6
e u t r o p h ic a t io n k g  P 0 4 5 .7 6 E - 0 7
h e a v y  m e ta ls k g  P b 1 .5 6 E -1 0
c a r c in o g e n s k g  B (a )P 1 .8 4 E -1 2
w in te r  s m o g k g  S P M 7 .5 3 E -0 5
s u m m e r  s m o g k g  C 2 H 4 1 .8 6 E -0 7
p e s t ic id e s k g  a c t .s u b s t 0 .0 0 E + 0 0
e n e r g y  r e s o u r c e s M J L H V 1 .9 8 E -0 2
s o l id  w a s te k g 1 .8 1 E -0 6
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Table B11 Results of the impact assessment of transportation phase for producing
1 MJ of CBG by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit Total
a b io t ic  d e p le t io n k g  S b  eq 9 .9 0 E -0 8
g lo b a l  w a r m in g  ( G W P 1 0 0 ) k g  C 0 2  e q 1 .6 1 E -0 5
o z o n e  la y e r  d e p le t io n  ( O D P ) k g  C F C -1 1  e q 7 .3 3 E -2 3
h u m a n  t o x i c i t y - k g  1 ,4 -D B  e q 4 .4 3 E - 0 7
f re s h  w a te r  a q u a t i c  e c o to x . k g  1 ,4 -D B  e q 1 .9 9 E -0 9
m a r in e  a q u a t ic  e c o to x ic i ty k g  1 ,4 -D B  e q 9 .2 3 E - 0 6
te r re s t r ia l  e c o to x ic i ty k g  1 ,4 -D B  e q 1 .5 6 E -1 0
p h o to c h e m ic a l  o x id a t io n k g  C 2 H 4 1 .5 4 E -0 9
a c id if ic a t io n k g  S 0 2  e q 3 .9 5 E -0 8
e u t r o p h ic a t io n k g  P 0 4 —  e q 7 .9 8 E - 0 9

Table B12 R e s u l t s  o f  th e  im p a c t  a s s e s s m e n t  o f - t r a n s p o r ta t io n  p h a s e  f o r  p r o d u c in g  
1 M J  o f  C B G  b y  u s in g  E c o - in d ic a to r  9 5  V 2 .0 3  /  E u r o p e  e

Impact category Unit Total
g r e e n h o u s e k g  C 0 2 1 .5 9 E -0 5
o z o n e  la y e r k g  C F C 1 1 9 .7 8 E -2 3
a c id if ic a t io n k g  ร  0 2 5 .0 3 E -0 8
e u t r o p h ic a t io n k g  P 0 4 7 .9 8 E - 0 9
h e a v y  m e ta ls k g  P b 2 .2 3 E - 1 2
c a r c in o g e n s k g  B ( a )P 8 .7 0 E -1 5
w in te r  s m o g k g S P M  - 7 .3 3 E - 0 9
s u m m e r  s m o g k g  C 2 H 4 , 1 .2 4 E -0 8
p e s t ic id e s k g  a c t . s u b s t 0 .0 0 E + 0 0
e n e r g y  r e s o u r c e s M J L H V 2 .2 2 E - 0 4
s o l id  w a s te k g 1 .7 4 E -0 8
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Table B13 Results of the impact assessment of combustion phase for producing
1 MJ of CBG by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit Total
a b io t ic  d e p le t io n k g  S b  e q 0  0 0 E + 0 0
g lo b a l  w a n n in g  ( G W P 1 0 0 ) k g  C 0 2  eq 5 .6 9 E - 0 4
o z o n e  la y e r  d e p le t io n  ( O D P ) k g  C F C -1 1  e q 0 .0 0 E + 0 0
h u m a n  to x ic i ty k g  1 ,4 -D B  e q 8 .3 1 E - 0 6
f re s h  w a te r  a q u a t ic  e c o to x . k g  1 ,4 -D B  e q 0 .0 0 E + 0 0
m a r in e  a q u a t ic  e c o to x ic i ty k g  1 ,4 -D B  e q 0 .0 0 E + 0 0
te r r e s t r ia l  e c o to x ic i ty k g  1 ,4 -D B  e q O.OOE+OO
p h o to c h e m ic a l  o x id a t io n k g  C 2 H 4 1 .0 0 E -0 5
a c id i f ic a t io n k g  S 0 2  e q 3 .4 6 E - 0 6
e u t r o p h ic a t io n k g  P 0 4 —  e q 9 .0 0 E - 0 7

Table B14 R e s u l ts  o f  th e  im p a c t  a s s e s s m e n t  o f  c o m b u s t io n  p h a s e  fo r  p r o d u c in g  
1 M J  o f  C B G  b y  u s in g  E c o - in d ic a to r  95  V 2 .0 3  /  E u r o p e  e

Impact category Unit Total
g r e e n h o u s e k g  C 0 2 0 .0 0 E + 0 0
o z o n e  la y e r k g  C F C 1 1 0 .0 0 E + 0 0
a c id i f ic a t io n k g  S 0 2 4 .8 5 E - 0 6
e u t r o p h ic a t io n k g  P 0 4 9 .0 0 E - 0 7
h e a v y  m e ta ls k g  P b 0 .0 0 E + 0 0
c a r c in o g e n s k g  B (a )P 0 .0 0 E + 0 0
w in te r  s m o g k g  S P M '0 .0 0 E + 0 0
s u m m e r  s m o g k g  C 2 H 4 _ 1 .8 6 E -0 5
p e s t ic id e s k g  a c t . s u b s t 0 .0 0 E + 0 0
e n e r g y  r e s o u r c e s M J  L H V 0 .0 0 E + 0 0
s o l id  w a s te k g 0 .0 0 E + 0 0
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Appendix c  The Regeneration Process of 4A Molecular Sieve (UOP LLC.)

T y p e  4 A  m o le c u la r  s ie v e  c a n  b e  r e g e n e r a te d  fo r  r e - u s e  b y  p u r g in g  o r  
e v a c u a t in g  a t  e le v a te d  te m p e ra tu re s .  T h e  d e g re e  o f  r e g e n e r a t io n  ( w a te r  r e m o v a l )  is 
d e p e n d e n t  o n  th e  t e m p e r a tu r e  a n d  h u m id i ty  o f  th e  p u rg e  g as .

4 A  m o le c u la r  s ie v e  is  a v a i la b le  in  g r a n u la r ,  s p h e r ic a l  o r  e x t ru d a te  f o rm . T h e  
n o m in a l  s iz e s  o f  th e  g ra n u le s  a n d  s p h e re s  o r  ‘'b e a d s 5’ a r e  s h o w n  b e lo w . T h e  
d ia m e te r s  fo r  th e  e x t r u d a te s  o r  “ p e l le t s ”  a r e  a ls o  s h o w n ;  th e  le n g th  is  a p p r o x im a te ly  
tw ic e  th e  d ia m e te r .

Table Cl P h y s ic a l  p r o p e r t ie s  o f  4 A  m o le c u la r  s ie v e

14 ,\30 10x20 8x12 4x8 1/16” 1/8"granular Beads Beads Beads Pellets Pellets
Nominal Pore Diameter (angstroms) 4 4 4 4 4 4
Particle Size Diameter (null) OS 1.4 2.0 4.0 1.6 3.2Bulk Density (lbs/fp) 44 44 44 44 44 44
Heat of Adsoptiou (Btu lb H ,0) 1800 1S00 1800 1800 1S00 1800Crush Strength (lbs) N/A N/A 7 18 10 20
Equilibrium H ,0  Capacity* (พt-%) DO DD DO 9D 22 22Moisture content (wt-° o) I I 1 I "Î Ï♦ Measured at 17.5 mill Hg and 253C
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Appendix D  Land Use Change Calculation ( C o m m is s io n  d e c i s io n  o f  10 J u n e  
2010, T h e  E u r o p e a n  C o m m is s io n )

Calculation of Carbon Stocks
F o r  th e  c a lc u la t io n  o f  th e  c a r b o n  s to c k  o f  th e  r e f e r e n c e  la n d  u s e  ( CSr) a n d  th e  

c a rb o n  s to c k  o f  th e  a c tu a l la n d  u s e  (CSA) th e  f o l lo w in g  r u le  sh a ll a p p ly :

cs, = (s o c  +  Cveg ) X A
w h e re :
CSj =  th e  c a r b o n  s to c k  p e r  u n i t  a r e a  a s s o c ia te d  w i th  th e  la n d  u s e  i ( m e a s u re d  a s  

m a s s  o f  c a rb o n  p e r  u n i t  a re a , in c lu d in g  b o th  s o i l  a n d  v e g e ta t io n ) ;  
s o c  =  s o i l  o r g a n ic  c a r b o n  ( m e a s u re d  a s  m a s s  o f  c a r b o n  p e r  h e c ta re ) ;
Cveg =  a b o v e  a n d  b e lo w  g r o u n d  v e g e ta t io n  c a r b o n  s to c k  ( m e a s u re d  a s  m a s s  o f  

c a r b o n  p e r  h e c ta re ) ;
A =  f a c to r  s c a l in g  to  th e  a r e a  c o n c e r n e d  ( m e a s u re d  a s  h e c ta re s  p e r  u n i t  a r e a ) . 

Soil Organic Carbon Stock
F o r  th e  c a lc u la t io n  o f  s o c  th e  f o l lo w in g  r u le  m a y  b e  u s e d :

SOC = SOCsr x Flu x Fug X Fj
w h e re :
SOC = s o i l  o r g a n ic  c a r b o n  ( m e a s u re d  a s  m a s s  o f  c a r b o n  p e r  h e c ta re ) ;
SOCsr =  s ta n d a r d  so il o r g a n ic  c a r b o n  in  th e  0 -3 0  c e n t im e te r  to p s o i l  l a y e r  ( m e a s u r e d  

a s  m a s s  o f  c a r b o n  p e r  h e c ta re ) ;
Flu =  la n d  u s e  fa c to r  r e f le c t in g  th e  d i f f e r e n c e  in  s o i l  o rg a n ic  c a r b o n  a s s o c ia te d  

w i th  th e  ty p e  o f  la n d  u s e  c o m p a r e d  to  th e  s ta n d a r d  so i l o r g a n ic  c a rb o n ;
Fug =  m a n a g e m e n t  f a c to r  r e f le c t in g  th e  d i f f e r e n c e  in  s o i l  o rg a n ic  c a r b o n  

a s s o c ia te d  w ith  th e  p r in c ip le  m a n a g e m e n t  p r a c t i c e  c o m p a r e d  to  th e  
s ta n d a r d  so il o r g a n ic  c a rb o n ;

FI = in p u t  f a c to r  r e f le c t in g  th e  d i f f e r e n c e  in  so i l o r g a n ic  c a r b o n  a s s o c ia te d  w i th
d i f f e r e n t  le v e ls  o f  c a r b o n  in p u t  to  s o i l  c o m p a r e d  to  th e  s ta n d a r d  so il 
o r g a n ic  c a rb o n .
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Actual land use;
F or g ra ss la n d :
- S o i l  ty p e  = L o w  a c tiv i ty  c la y  s o i ls
- C l im a te  r e g io n  = T ro p ic a l ,  m o is t
- L a n d  u s e  = S a v a n n a h
- M a n a g e m e n t  = I m p ro v e d
- In p u t  = M e d iu m

S o , _ S O C st ~ 4 7  to n s  c / h a

F lu 1

F mg = 1 .1 7
F , 1

s o c  = S O C st x Flu x F mg x F j

s o c  = 5 4 .9 9  to n s  c / h a

A n d  Cveg = 8 .1 to n s  C /h a

S o , C SA = 6 3 .0 9  to n s  c / h a

Reference land use;
F o r f o r e s t  land:
- C l im a te  r e g io n  = T r o p ic a l ,  m o is t
- L a n d  u s e  = S h i f t in g  c u l t iv a t io n - m a tu r e  f a l lo w

S o , S O C st 4 7  to n s  C /h a
F lu 0 .8

S O C  = S O C st x F lu

s o c  = 3 7 .6  to n s  C /h a

A n d
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- F o r e s t  la n d , h a v in g  m o r e  th a n  3 0 %  c a n o p y  c o v e r
- E c o lo g ic a l  z o n e  =
- C o n t in e n t  =

CvEG =

S o , CSR =

E m is s io n  f ro m  la n d  u s e  c h a n g e

T ro p ic a l  m o i s t  d e c id u o u s  fo re s t  
A s ia  ( c o n t in e n ta l )

1 1 0  to n s /h a

147.6 to n s  c/ha

=  (CSR - CSA) X (3.664/20)
=  1 5 .4 9 3 5  to n s  C O 2 e q . h a ' 1 y e a r ' 1 

=  2 .4 7 9  to n s  C O 2 e q . r a i ' 1 y e a r ' 1
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Appendix E The Analyzed CBG Production Plant, Mae Taeng, Chiang Mai, 
Thailand

Figure El T h e  a n a ly z e d  C B G  p r o d u c t io n  p la n t  (1 ).

Figure E2 T h e  a n a ly z e d  C B G  p r o d u c t io n  p la n t  (2 ) .
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Figure E3 T h e  a n a ly z e d  C B G  p r o d u c t io n  p la n t  (3 ) .

Figure E4 The analyzed CBG production plant (4).

V
*;



Figure E5 T h e  a n a ly z e d  C B G  p r o d u c t io n  p l a n t  (5 ) .

Figure E6 The analyzed CBG production plant (6).
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Figure E7 T h e  a n a ly z e d  C B G  p r o d u c t io n  p l a n t  (7 ) .

Figure E8 The analyzed CBG production plant (8)
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Figure E10 The analyzed CBG production plant (10)
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