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2.7  

(Equation for output flows) 
1

Fc1 =  Rice x Cpaddy

C

1

Fp1 =  Rice x Ppaddy 
P

 
2

Fc2 =  Empa x Apaddy x 12/16 x Factor adjust 
Empa

4 m-2 crop-1
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12/16

./ ./

4

Fc4 =  Fc4_paddy + Fc4_fallow 

   
 

Fc4_paddy =  Ecpapaddy x Apaddy x 12/44 x Factor adjust 
Ecpa

2 m-2 crop-1

12/44

./ ./

Fc4_fallow =  Ecpt fallow x Apaddy x 12/44 x Factor adjust 
Ecpt

12/44

./ ./
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3

Fc3 =  Straw x Cstraw x Rstubble x TCop x Psb  
 1

R
C
R
op

P

5

Fc5 =  (Wd x Cwater) / 106 
W /
C

5 r
Fc5 =  (Wd x Pwater) / 106 

W /
P

  
 

(Equation for input flows) 
7

Fc7 =  Wu x Apaddy x Cuw 
W . ./ /

C

7

Fp7 = Wu x Apaddy x Puw 
W . ./ /

p
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8

Fc8 =  Fer x Apaddy x Cfer 
2 2 /

Cfer

8

Fp8 = Fer x Apaddy x Puw 
16-20- /

Pfer

9

Fc9 =  Seed x Apaddy x Cseed 
/

C
C

9

Fp9 = Seed x Apaddy x Pseed 
/

P
P

10

Fc10 =  Fc6 - Fc14 - Fc15 
6

6 - 3

14

15

 



37 

 

10

Fp10 = Fp6 - Fp14 - Fp15 
6

P -P
14

15

11

Fc11 =  NPPgrain + NPPstem+root 

NPPgrain = yave x Cgrain x Apaddy 
ave

C

NPPstem+root = yave x Rsr/s x Cstem+root x Apaddy 
R
C

12

Fc12 =  Hpaddy x Chusk 
H
C
C

12 P
Fp12 =  Hpaddy x Phusk 

H
P
P
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14  
  Fc14 =  Strawanimals x Cstraw 

C

 
14

Fp14 =  Strawanimals x Cstraw 

P

15  
Fc15 =  Strawcompost x Cstraw 

  
C  
C  

 
15

Fp15 =  Strawcompost x Pstraw 
  
P  
P  

C il

C C - C
7 8 9 10 11 12 – 1 2 3 4 5 6

P

C P - P
7 8 9 10 11 12 – 1 2 3 4 5 6
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2.2  
   Min Max  

 

Rice 282,329 -

rice 0.069 0.0656 0.0725

0.12 0.11 0.15

R 2.3 2.22 2.37

475,456 - -

H 963.14 590.40 1,115.92

W 480 432 528

W 228,218,880 193,986,048 262,451,712

2 2 7.5 5 10

16-20- 22.5 20 25

ave 0.6065 0.585 0.753

R 0.2 0.15 0.25
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2.2 ( ) 

   Min Max  

R 2.82 2.71 2.94

P

/
0.015 0.0125 0.0175

0.12 0.10 0.15

0.10 0.07 0.15

37,628 31,984 43,272

                  

C 0.475 0.404 0.499

C . 0.475 0.404 0.499

op 1994

Ecpa

2 m-2 crop-1

480 384 576
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2.2 ( ) 

   Min Max  

Ecpa

2 m-2 crop-1

885 708 1,062

Empa

4 m-2

crop-1

182 145.6 218.4

C

C

Cfer 0.092 - -

C 0.3817 0.3626 0.4008
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2.2 ( ) 

   Min Max  

C 0.475 0.4513 0.4998

C 0.475 0.4513 0.4998

C 0.3817 0.3626 0.4008

2553

C 0.475 0.4513 0.4998

C 0.3748 0.3561 0.3935

C 0.3817 0.3626 0.4008

                     

P 0.1432 0.1360 0.1504

P 0.1432 0.1360 0.1504
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2.2 ( ) 

   Min Max  

P 3 3 3

P 3 3 3

Pfer
16-20-0

- -

P 0.08 0.076 0.084

P 0.1432 0.1360 0.1504

P 0.1432 0.1360 0.1504

P 0.08 0.076 0.084

2553
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2.2 ( ) 

   Min Max  

P 0.0095 0.0090 0.01

P . 0.0095 0.0090 0.01

P . 0.08 0.076 0.084
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2.3  1  
                     

  

pH 5.99
2.58
1.5
0.129
24.20
95.19

. 1.41

105
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 2.4   
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2.  

H2
He Carrier 250 injection port 245

Chin
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145
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5 R2

R2 CH4 CO2
4 m-2 h-1 2 m-2 h-1
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PVMx

A
1x

dt
dcF

CO2 CH4 -2 h-1
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- × 100 × 10
103 W

1.724 

    
3.  

,

400-

 
  
 1.  

2
-

 2. (Total Organic Carbon)  

-
-
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 3. (Total Phosphorus)

O
ate

  PO4 4 2MoO4 4 3PO4.12MoO3 4 2

4 3PO4.12MoO3
 

 
2.14

2.5

 
2.14   
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(Equation for output flows)
17

Fc17 =  (Fc1 + Fc16) x TCrice x Crice 

rice

Crice
16

17

Fp17 =  (Fp1 + Fp16) x TCrice x Price 
rice

Price
16

18

Fc18 =  (Fc1 + Fc16) x TCbr x Cbr 

C

18

Fp17 =  (Fp1 + Fp16) x TCbr x Pbr 

P

23

Fc23 =  (Fc1 + Fc16) x TCrb x Crb 

C

23

Fp23 =  (Fp1 + Fp16) x TCrb x Prb 

P
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RC
RChusk =  (Fc1 + Fc16) x TChusk x Chusk 

C
 

RP
RPhusk =  (Fp1 + Fp16) x TChusk x Phusk 

P
 

19

Fc19 =  RChusk x Rboiler 
R

 
19

Fp19 =  RPhusk x Rboiler 
R

20

Fc20 =  Hsell x Chusk  
H
C  
 

20

Fp20 =  Hsell x Phusk  
H
P

21

Fc21 =  Hanimals x Chusk  
H
C  
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21

Fp21 =  Hanimals x Phusk  
H
P

22

Fc22 =  Hbrick x Chusk  
H
C  
 

22

Fp22 =  Hbrickx Phusk  
H
P

23

Fc23 =  Hanimals x Chusk  
H
C  
 

23

Fp23 =  Hanimals x Phusk  
H
P

(Equation for input flows) 
16

Fc16 =  Fcoutput - Fcinput 
        =  (Fc12+Fc17+Fc18+Fc19+Fc20+Fc21+Fc22+Fc23) – Fc1 

16

Fp16 =  Fpoutput - Fpinput 
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        =  (Fp12+Fp17+Fp18+Fp19+Fp20+Fp21+Fp22+Fp23) – Fp1 

 
 

2.6   
   Min Max  

Rice
282,329 - -

Rice

232,479
- -

rice 0.6 - -

0.09 - - 2547

0.1 - - 2547

0.21 - - 2547

R
0.16243 - -

R
0.60713 - -

R
0.00223 - -

R
0.2193 - -
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2.6 ( ) 
   Min Max  

0.095 - - , 2547

0.12 - -
2547

C
0.47713 - -

C
0.47713 - -

C
0.483 - -

C
0.3748 - -

Price 0.1432 - -

P
0.1432 - -

P
0.3617 - -

P
0.0095 - -
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2.15

 
 

2.15   
 
 

(Equation for output flows)
32

Fc32 =  Fc19 x TCb.ash

-

32

Fp32 =  Fp19 x Rash/husk

R

33

Fc33 =  Fc19 x TCb.gas 
-
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2.7   
   Min Max  

-
0.01 - -

2009
- 0.99 - -

2009

 

2.16

 
2.16   

 
(Equation for output flows)

22

Fc22 =  RChusk x Rbrick

R
22

Fp22 =  Rphusk x Rbrick

R
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25

Fc25 = Fc22 x TCb.ash

-

25

Fp25 = Fp22 x Rash/husk  
R

24

Fc24 =  Fc22 x TCb.gas

-

2.8   
   Min Max  

R 0.1438 - -

-
0.95 - -

2009

-
0.05 - -

2009

  
 ( ) 

 2.17 
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2.17 ( ) 

 
(Equation for output flows)

26

Fc26 =  (Nanimal.i x Wanimal.i x Canimal.i)  (i = 1…..n) 
animal.i

Wanimal.i ./
Canimal.i

FCmanure = (Nanimal.i x Manimal.i x 365 x Canimal.i) 
C

26

Fp26 =  (Nanimal.i x Wanimal.i x Panimal.i)  (i = 1…..n) 
animal

Wanimal ./
Panimal
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FPmanure = (Nanimal.i x Manimal.i x 365 x Panimal.i) 
P

27

FC27 = Fcenteric+ FCmm 
enteric

FCenteric = (Nanimal x EFenteric) 
enteric

mm

Fcmm = (Nanimal x EFmm) (i = 1…..n) 
mm

29

Fc29 = Manurecompost x Cmanure-cow 
./ /

C -

29

Fp29 = Manurecompost x Pmanure-cow 
./ /

P -

28

FC28 = FCmanure - FC29 

FCmanure = (Nanimal.i x Manimal.i x 365 xCanimal.i) (i = 1…..n) 

animal.i

Manimal.i ./ /
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28

Fp28 =  FPmanure-FP29 

animal.i animal.i animal.i

animal.i

Manimal.i ./ /

(Equation for input flows) 
14

Fc14 =  Strawanimals x Cstraw   

C -

14

Fp14 =  Strawanimals x Pstraw 
P -

21

Fc21  =  RChusk x Ranimals

RC
R

21

Fp21  =  RChusk x Ranimals

RP
R

23

Fc23 =  (Riceinside + Riceoutside)  x  TCrb x Crb

C -

 



67 

 

23

Fp23 =  (Riceinside + Riceoutside)  x  TPrb x Prb

P -

2.9   
      ( ) 

   Min Max  

384 - -
125 - -
45,273 - -
3,450 - -
15,456 - -
30,408 - -
750,246 - -

W /
./

50 - -

W / ./ 300 - -

W /
./ 300 - -

W /
./

100 - -

W /
./ 3 - -

W en / ./
1.786 - -
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2.9 ( ) 
   Min Max  

M
./ /

0.16 - -

M
./ /

3.00 - -

M
./ / 3.00 - -

M
./ /

1.40 - -

M
./ /

0.03 - -

M
./ /

0.03 - -

1,250 1,187.5 1,312.5

C
0.18 - -

C 0.32 - -
C 0.32 - -

C
0.18 - -

C
0.18 - -

C
0.18 - -
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2.9 ( ) 
   Min Max  

C - 0.15 - -

C - 0.47 - -

C - 0.47 - -

C - 0.26 - -

C - 0.10 - -

C - 0.10 - -

enteric-

5.00

enteric-

68.90

enteric-

56.63

enteric-

48.06
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2.9 ( ) 
   Min Max  

enteric-

1.50

mm-

0.22

mm-

25.96

mm-

5.01

-

1.62

mm-

10.53
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2.9 ( ) 
   Min Max  

P
0.0065 - -

al.,2001

P 0.0013 - -

P
0.00135 - -

P
0.00385 - -

P
0.005 - - al.,2001

P
0.0045 - -

P - 0.003 - -

alance

P - 0.0014 - -

P - 0.00195 - -

P - 0.00545 - -

P - 0.008 - -

P - 0.00473895 - -
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 2.18 

2.18  
 

(Equation for output flows)
30

Fc30 =  Inputcompost x TCoff-gas

off-

31

Fc31 =  Inputcompost x TCleachate

leachate

31

Fp31 =  Inputcompost x TPleachate

leachate

13

Fc13 =  Inputcompost x TCcompost 
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13

Fp13 =  Inputcompost x TPcompost 

(Equation for input flows) 
   (Inputcompost) =  Fc15 + Fc29

15

29

   (Inputcompost) =  Fp15 + Fp29

15

29

2.10   
   Min Max  

1,730 - -

0.61

off-

0.36 - -

leachate 0.03 - -

748.77 - -
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2.10  ( ) 
   Min Max  

0.99 - -

leachate

0.01
- -

5.46 - -

 
 
 

 

 2.19 
 

 
2.19  
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(Equation for output flows)
14

Fc14 =  Strawanimals x Cstraw 

C

14

Fp14 =  Strawanimals x Pstraw 

P

15

Fc15 =  Strawcompost x Cstraw

C -
15

Fp15 =  Strawcompost x Pstraw

P -

10

Fc10 =  Fc6 - Fc14 - Fc15

6 -

10

Fp10 =  Fp6 - Fp14 - Fp15

6 -

(Equation for input flows) 
6   

Fc6 = (Straw x Cstraw) - Fc3 
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6   
Fp6 = (Straw x pstraw) - Fp3 

2.11  
   Min Max  

37,627.70 35,746.32 39,509.09

480 456 504

C

0.3435
0.3263 0.3607

P

0.072 0.0684 0.0756
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Pyrolysis  

 2.20  Pyrolysis and Gas Engine 

34

35 Biochar
34 Char_

Char_ ,2556
Char_

Biochar

36

36 34 off-

off- 85
off- off-

Biochar 

CO2  

Pyrolysis and 

Gas Engine 

FC35 

FC36 FC34 
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Gasification  

2.21 

34

35 Biochar
34 Char_

Char_
Char_ Biochar

36

36 34 off-

off- 95
off- _ off-

 
 (C) (P)  

STAN2 
-

Biochar 

CO2  

Gasifier and Gas 

Engine 

FC35 

FC36 FC34 
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C P  

,

2.22

   =   –  

 
2.22  ( )  
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STAN (a tailored software for Substance flow analysis) 

2096

,
-

 
1.
2.
3.
4.
5. -
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 User Interface  

 
 

 
2.23  STAN a tailored software for Substance flow analysis 

 
 

2.3  (Scenario analysis) 

90

-coefficient:

2553
7 7

  
Scenario 1 : 1 15

./  
 2

15 . ./
2547 CH

1-0.11

C2 C 0.89

 



82 

 

 

 Scenario 2 : 2 30
 

 

 
Perret

CH4 ,

,

1 i,
-1

1

   Sourec :
-

 

, ton/ha

0  1 1
0.59

1

in-fiel -1

Full incorporation in 
soil 

Livestock 
grazing 

In field-
burning 

0.5 0.3

Straw incorporated 
less than 30 days 
before cultivation 

Straw incorporated 
more than 30 days 
before cultivation 

1 0.29

Sourec :
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3.4

30
30

30
3.205

30
1.991

1.991/3.205= 0.621

FC2(new) = FC2(basecase) x TCincorporate_m     

CO2 CO2

FC4 = FC4(Baseline) + (FC2(Baseline) - FC2(new))  

 
 Scenario 3 : 3 80
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CH4

1-0.7 = 0.3

FC2(new) = FC2(Baseline) x TCstraw80_m 
CO2

 
  FC6(new) = FC6(Baseline) x 0.2

CO2
 FC4 = Fc6(new) x 0.7

 
 Scenario 4 :  4 50

CH4

1-0.35 = 0.65

 FC2 = FC2(Baseline) x TCstraw50_m 

CO2

240
 

 FC6(new) = FC6(Baseline) x 0.5
CO2
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FC4 = Fc6(new) x 0.7

 Scenario 5 : 5 50

CH4
1-0.35 = 0.65

2554 2545
– - 41

CH4  

= 1 0.185 1.185

 FC2(new) = (FC2(Baseline) x ) x 1.185   
CO

2554 CO
CO

1.14
CO2

FC4(new)  = (FC6(Baseline) x 0.5 x 0.7) x TCcompost_car 

 Scenario 6 : 6 80

CH4
– 0.7 = 0.3

 FC2 = FC2(Baseline) x TCstraw80_m 
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-
51 41

0.14 Biochar

CO2
 FC2(new)  = FC2(Baseline) x TCstraw80_m + (FC35 x 0.14/100) 

Fc35 = Biochar  
    Fc35 = Fc34 x TCChar_pyro 
    TCChar_pyro = 0.15 ( ,2556)  

Char_ Biochar
 

CO2

240
 

  FC6(new) = FC6(Baseline) x 0.2 
CO2  

  FC4 = Fc6(new) x 0.7
 
Scenario 7 : 80

CH4
– 0.7 = 0.3

 FC2 = FC2(Baseline) x TCstraw80_m 

-
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Biochar

CO2
 FC2(new)  = FC2(Baseline) x TCstraw80_m + (FC35 x 0.14) 
            Fc35 = Biochar  
    Fc35 = Fc34 x TCChar_Gasi 
    TCChar_Gasi = 0.05 ( ,2556) 

Char_ Biochar
CO2

240
 

  FC6(new) = FC6(Baseline) x 0.2 
CO2  

  FC4 = Fc6(new) x 0.7
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2.4 Web base
 

1
2
3

4
5
6
7

 

1.

2.

 

3.
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2.24
2.25  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 2.24   

 

 

 

 

 

-

-

-
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3.4  Cost Benefit Analysis (CBA) 

3.

 Thai grid mix 2009

3.5

 3.5 Scenario 
7  

 
CH4 CH4/ 9,745 33,533 62,017 31,008 20,355 50,699 50699

CO2 eq/ 204,645 704,193 1,302,357 651,168 427,455 1,064,679 1,064,679

7,309 0 -4,698 -8,045 29,305 11,396 4,993
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50,400,000 216,000,000
CO

29,298* 125,561*

*  Thai grid mix 2009 (0.5813  kgCO2 eq/kWh)  
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