The experimental data for Absorption of Carbon Dioxide in Biogas

APPENDIX A

by Monoethanolamine Solution

Table A.1 The data from experimental in CO2 absorption by MEA concentration of

0.05, height to diameter ratio of 1.4 and inlet biogas flow rates of 1, 3 and 5 liter/min.

time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Ccoui %Ccou %CcH: %Cco:i %Ccou %Ccha %Ccoui %Ccouw %CcH:
0.0 25.2 25.2 71.2 24.0 24.0 74.8 25.5 25.5 74.3
1.0 25.2 8.7 86.8 24.0 10.8 85.3 25.5 11.8 84.5
2.0 25.2 8.8 86.9 24.0 10.8 85.4 25.5 11.8 84.7
3.0 25.2 8.8 87.0 24.0 10.8 85.5 25.5 12.2 84.8
4.0 25.2 8.9 87.2 24.0 11.0 85.6 25.5 12.7 84.6
5.0 25.2 9.0 87.4 24.0 11.2 85.5 25.5 13.2 84.1
6.0 25.2 9.2 87.2 24.0 11.6 85.2 25.5 13.8 83.4
7.0 25.2 9.4 87.0 24.0 12.0 84.9 25.5 14.4 82.6
8.0 25.2 9.6 86.9 24.0 12.4 84.5 25.5 15.7 81.6
9.0 25.2 9.7 86.6 24.0 12.8 84.4 25.5 18.0 79.4
10.0 25.2 10.0 86.4 24.0 13.2 83.6 25.5 20.0 77.6
11.0 25.2 10.2 86.2 24.0 14.1 82.9 25.5 21.2 75.8
12.0 25.2 10.5 85.9 24.0 15.6 81.5 25.5 22.2 74.8
13.0 25.2 11.2 85.5 24.0 17.2 80.1 25.5 22.7 74.5
14.0 25.2 11.9 85.2 24.0 19.0 775 25.5 22.9 74.3
15.0 25.2 12.9 84.4 24.0 21.0 75.9 25.5 23.1 74.3
16.0 25.2 14.0 83.5 24.0 21.8 75.4 25.5 23.2 74.3
17.0 25.2 16.2 82.5 24.0 22.5 75.2 0.0 0.0 0.0
18.0 25.2 17.4 81.3 24.0 23.2 75.1 0.0 0.0 0.0
19.0 25.2 18.6 80.1 24.0 235 74.9 0.0 0.0 0.0
20.0 25.2 19.7 78.8 24.0 23.7 74.9 0.0 0.0 0.0
21.0 25.2 20.8 77.8 24.0 23.8 74.8 0.0 0.0 0.0
22.0 25.2 21.9 76.7 0.0 0.0 0.0 0.0 0.0 0.0
23.0 25.2 23.0 75.7 0.0 0.0 0.0 0.0 0.0 0.0
24.0 25.2 23.7 74.8 0.0 0.0 0.0 0.0 0.0 0.0
25.0 25.2 24.3 74.1 0.0 0.0 0.0 0.0 0.0 0.0
26.0 25.2 24.5 73.4 0.0 0.0 0.0 0.0 0.0 0.0
27.0 25.2 24.7 73.0 0.0 0.0 0.0 0.0 0.0 0.0
28.0 25.2 24.9 72.8 0.0 0.0 0.0 0.0 0.0 0.0
29.0 25.2 25.0 72.5 0.0 0.0 0.0 0.0 0.0 0.0
30.0 25.2 25.0 72.3 0.0 0.0 0.0 0.0 0.0 0.0
31.0 25.2 25.1 72.2 0.0 0.0 0.0 0.0 0.0 0.0
32.0 25.2 25.1 72.1 0.0 0.0 0.0 0.0 0.0 0.0

Table A.2 The data from experimental in CO2 absorption by MEA concentration of

0.05, height to diameter ratio of 3.3 and inlet biogas flow rates of 1, 3 and 5 liter/min

time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Ccoui %Ccox0 %Cch. %Cco:i %Ccoz0 %CcH. %Cco:i %Ccou0 %Cch.
0.0 245 245 745 24.0 24.0 74.4 25.8 25.8 71.7
1.0 24.5 6.7 89.2 24.0 10.4 84.0 25.8 11.4 84.6
2.0 245 6.7 89.3 24.0 10.4 84.0 25.8 11.4 84.6
3.0 245 6.7 89.3 24.0 10.6 84.1 25.8 11.4 84.6
4.0 24.5 6.8 89.3 24.0 10.6 84.2 25.8 11.4 84.6
5.0 24.5 6.8 89.4 24.0 10.8 84.2 25.8 11.6 84.5
6.0 24.5 6.9 89.4 24.0 10.9 84.5 25.8 12.1 84.3
7.0 24.5 6.9 89.5 24.0 11.0 84.3 25.8 12,5 84.1
8.0 24.5 6.9 89.5 24.0 11.5 84.3 25.8 13.3 83.6
9.0 24.5 6.9 89.7 24.0 11.9 84.1 25.8 15.2 82.3
10.0 24.5 7.1 89.6 24.0 12.7 83.8 25.8 16.7 80.3
11.0 245 7.2 89.6 24.0 13.8 82.6 25.8 19.6 78.2
12.0 24.5 7.4 89.5 24.0 15.0 81.5 25.8 21.9 76.3
13.0 245 7.5 89.3 24.0 17.5 79.8 25.8 23.3 75.1
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time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Ccoui %Cco:0 %Cch. %Cco:i %Cco20 %Cch: %Cco:i %Cco20 %Cch.
14.0 24.5 7.7 89.2 24.0 19.2 78.7 25.8 23.9 74.3
15.0 24.5 8.0 89.0 24.0 20.8 78.1 25.8 24.5 73.8
16.0 24.5 8.2 88.8 24.0 21.4 772 25.8 25.0 73.2
17.0 24.5 8.7 88.3 24.0 21.9 76.4 25.8 25.3 72.8
18.0 24.5 9.2 87.9 24.0 22.7 75.8 25.8 25.6 72.2
19.0 24.5 10.2 86.8 24.0 23.2 75.1 25.8 25.7 71.9
20.0 24.5 115 85.5 24.0 23.6 74.8 0.0 0.0 0.0
21.0 24.5 13.2 84.0 24.0 23.8 745 0.0 0.0 0.0
22.0 24.5 14.8 82.4 24.0 23.9 74.4 0.0 0.0 0.0
23.0 24.5 16.8 80.9 24.0 24.0 74.3 0.0 0.0 0.0
24.0 24.5 18.6 79.3 0.0 0.0 0.0 0.0 0.0 0.0
25.0 24.5 20.0 77.4 0.0 0.0 0.0 0.0 0.0 0.0
26.0 24.5 21.7 76.7 0.0 0.0 0.0 0.0 0.0 0.0
27.0 24.5 225 76.2 0.0 0.0 0.0 0.0 0.0 0.0
28.0 24.5 23.2 75.8 0.0 0.0 0.0 0.0 0.0 0.0
29.0 24.5 23.9 75.4 0.0 0.0 0.0 0.0 0.0 0.0
30.0 24.5 24.3 74.7 0.0 0.0 0.0 0.0 0.0 0.0
31.0 24.5 24.5 74.5 0.0 0.0 0.0 0.0 0.0 0.0

Table A.3 The data from experimental in CO2 absorption by MEA concentration of
0.05, height to diameter ratio of 6.5 and inlet biogas flow rates of 1, 3 and 5 liter/min.

time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Ccoi %Ccoxo %Cchs %Ccoii 9%Ccox0 %Cch. %Ccoii %Ccoro %CcHs
0.0 24.1 24.1 74.9 24.1 24.1 74.6 23.9 23.9 74.2
1.0 24.1 2.0 91.2 24.1 4.5 89.8 23.9 5.1 88.9
2.0 24.1 2.0 91.2 24.1 4.4 89.9 23.9 5.2 88.9
3.0 24.1 2.0 91.4 24.1 4.4 90.0 23.9 5.3 89.0
4.0 24.1 2.0 91.4 24.1 4.3 90.1 23.9 5.5 88.8
5.0 24.1 2.0 91.6 24.1 4.3 90.0 23.9 5.9 88.2
6.0 24.1 2.0 91.7 24.1 4.6 89.9 23.9 6.5 87.6
7.0 24.1 2.0 91.8 24.1 4.9 89.4 23.9 7.1 86.8
8.0 24.1 2.0 92.0 24.1 5.2 89.0 23.9 8.0 85.9
9.0 24.1 2.1 91.8 24.1 5.6 88.7 23.9 9.7 84.1
10.0 24.1 2.2 91.6 24.1 6.4 87.7 23.9 13.0 81.1
11.0 24.1 2.5 91.5 24.1 7.4 86.8 23.9 16.1 78.5
12.0 24.1 2.7 91.3 24.1 9.3 84.9 23.9 18.4 76.8
13.0 24.1 2.8 91.0 24.1 12.8 81.7 23.9 19.8 76.0
14.0 24.1 3.0 91.0 24.1 14.9 79.9 23.9 20.9 75.4
15.0 24.1 3.3 90.7 24.1 16.8 78.2 23.9 22.0 75.1
16.0 24.1 3.3 90.6 24.1 18.3 76.9 23.9 23.0 74.7
17.0 24.1 3.8 90.2 24.1 19.7 76.0 23.9 23.5 74.4
18.0 24.1 4.1 89.8 24.1 20.5 75.7 23.9 23.8 74.2
19.0 24.1 4.5 89.5 24.1 21.3 75.4 0.0 0.0 0.0
20.0 24.1 5.0 89.0 24.1 22.5 75.0 0.0 0.0 0.0
21.0 24.1 5.6 88.3 24.1 23.0 74.8 0.0 0.0 0.0
22.0 24.1 6.7 87.3 24.1 23.5 74.6 0.0 0.0 0.0
23.0 24.1 7.4 86.6 24.1 23.9 74.6 0.0 0.0 0.0
24.0 24.1 8.1 86.1 24.1 24.0 74.5 0.0 0.0 0.0
25.0 24.1 9.5 84.6 24.1 24.1 74.5 0.0 0.0 0.0
26.0 24.1 11.0 83.0 0.0 0.0 0.0 0.0 0.0 0.0
27.0 24.1 12.5 81.5 0.0 0.0 0.0 0.0 0.0 0.0
28.0 24.1 13.9 80.2 0.0 0.0 0.0 0.0 0.0 0.0
29.0 24.1 16.0 79.0 0.0 0.0 0.0 0.0 0.0 0.0
30.0 24.1 17.2 77.9 0.0 0.0 0.0 0.0 0.0 0.0
31.0 24.1 18.9 77.2 0.0 0.0 0.0 0.0 0.0 0.0
32.0 24.1 20.2 76.8 0.0 0.0 0.0 0.0 0.0 0.0
33.0 24.1 21.3 76.1 0.0 0.0 0.0 0.0 0.0 0.0
34.0 24.1 22.2 75.7 0.0 0.0 0.0 0.0 0.0 0.0
35.0 24.1 22.8 75.4 0.0 0.0 0.0 0.0 0.0 0.0
36.0 24.1 234 75.2 0.0 0.0 0.0 0.0 0.0 0.0
37.0 24.1 23.7 75.3 0.0 0.0 0.0 0.0 0.0 0.0
38.0 24.1 23.9 75.1 0.0 0.0 0.0 0.0 0.0 0.0
39.0 24.1 24.0 75.0 0.0 0.0 0.0 0.0 0.0 0.0
40.0 24.1 24.1 75.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table A.4 The data from experimental in CO2 absorption by MEA concentration of

0.10, height to diameter ratio of 1.4 and inlet biogas flow rates of 1, 3 and 5 liter/min

time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Cco2i 9%Ccoz %Ccha %Ccozi %Cco2 %CcHa %Ccozi %Cco2 %CcHa
0.0 24.3 24.3 74.0 23.0 23.0 74.9 24.5 24.5 74.0
1.0 24.3 4.3 92.5 23.0 4.6 90.0 24.5 5.7 90.7
2.0 24.3 4.3 92.5 23.0 4.6 91.1 24.5 5.7 90.7
3.0 24.3 4.2 92.6 23.0 4.6 91.2 245 5.9 90.5
4.0 24.3 4.1 92.7 23.0 4.5 91.3 24.5 6.1 90.3
5.0 24.3 4.1 92.7 23.0 4.4 91.4 24.5 6.2 90.2
6.0 24.3 4.1 92.7 23.0 4.3 915 24.5 6.4 90.0
7.0 24.3 4.0 92.8 23.0 4.5 91.3 24.5 7.0 89.4
8.0 24.3 4.0 92.8 23.0 4.6 91.2 24.5 7.8 88.6
9.0 24.3 3.9 92.9 23.0 4.8 91.0 24.5 8.7 87.7
10.0 24.3 3.8 93.0 23.0 5.5 89.8 24.5 9.7 86.7
11.0 24.3 3.8 93.0 23.0 6.2 89.6 245 10.5 85.9
12.0 24.3 3.8 93.0 23.0 6.8 89.0 245 11.3 85.1
13.0 24.3 3.8 93.0 23.0 7.6 88.2 245 12.1 84.3
14.0 24.3 3.8 93.0 23.0 8.2 87.6 24.5 13.6 82.8
15.0 24.3 3.9 92.9 23.0 8.8 87.0 24.5 145 81.9
16.0 24.3 3.9 92.9 23.0 9.5 86.3 245 15.7 80.7
17.0 24.3 4.0 92.8 23.0 10.4 85.4 245 17.0 79.4
18.0 24.3 4.1 92.7 23.0 11.1 84.7 245 18.9 775
19.0 24.3 4.3 92.5 23.0 11.8 84.0 245 20.8 75.6
20.0 24.3 4.5 92.3 23.0 12.3 83.5 245 215 74.9
21.0 24.3 4.9 91.9 23.0 13.6 82.2 245 22.1 745
22.0 24.3 5.3 915 23.0 14.6 81.2 245 22.7 74.2
23.0 24.3 5.5 91.3 23.0 16.0 79.8 245 23.2 74.2
24.0 24.3 6.1 90.7 23.0 17.3 78.5 245 23.8 74.1
25.0 24.3 6.4 90.4 23.0 18.2 71.6 24.5 24.2 74.0
26.0 24.3 6.8 90.0 23.0 19.6 76.2 245 24.5 74.0
27.0 24.3 7.1 89.7 23.0 20.4 75.6 0.0 0.0 0.0
28.0 24.3 7.3 89.5 23.0 20.9 75.4 0.0 0.0 0.0
29.0 24.3 75 89.3 23.0 215 75.2 0.0 0.0 0.0
30.0 24.3 8.1 88.7 23.0 22.0 75.1 0.0 0.0 0.0
31.0 24.3 8.3 88.5 23.0 224 75.0 0.0 0.0 0.0
32.0 24.3 8.4 88.4 23.0 22.8 74.9 0.0 0.0 0.0
33.0 24.3 8.9 87.9 23.0 23.0 74.9 0.0 0.0 0.0
34.0 24.3 9.8 87.0 0.0 0.0 0.0 0.0 0.0 0.0
35.0 24.3 10.3 86.5 0.0 0.0 0.0 0.0 0.0 0.0
36.0 24.3 10.8 86.0 0.0 0.0 0.0 0.0 0.0 0.0
37.0 24.3 11.3 85.5 0.0 0.0 0.0 0.0 0.0 0.0
38.0 24.3 11.6 85.2 0.0 0.0 0.0 0.0 0.0 0.0
39.0 24.3 12.0 84.8 0.0 0.0 0.0 0.0 0.0 0.0
40.0 24.3 12.4 84.4 0.0 0.0 0.0 0.0 0.0 0.0
41.0 24.3 13.3 83.5 0.0 0.0 0.0 0.0 0.0 0.0
42.0 24.3 13.7 83.1 0.0 0.0 0.0 0.0 0.0 0.0
43.0 24.3 14.4 82.4 0.0 0.0 0.0 0.0 0.0 0.0
44.0 24.3 15.3 815 0.0 0.0 0.0 0.0 0.0 0.0
45.0 24.3 16.2 80.6 0.0 0.0 0.0 0.0 0.0 0.0
46.0 24.3 17.1 79.7 0.0 0.0 0.0 0.0 0.0 0.0
47.0 24.3 174 79.4 0.0 0.0 0.0 0.0 0.0 0.0
48.0 24.3 18.8 78.0 0.0 0.0 0.0 0.0 0.0 0.0
49.0 24.3 19.3 77.5 0.0 0.0 0.0 0.0 0.0 0.0
50.0 24.3 19.8 77.0 0.0 0.0 0.0 0.0 0.0 0.0
51.0 24.3 20.8 76.0 0.0 0.0 0.0 0.0 0.0 0.0
52.0 24.3 21.9 74.9 0.0 0.0 0.0 0.0 0.0 0.0
53.0 24.3 23.0 74.5 0.0 0.0 0.0 0.0 0.0 0.0
54.0 24.3 24.4 74.3 0.0 0.0 0.0 0.0 0.0 0.0
55.0 24.3 24.4 74.2 0.0 0.0 0.0 0.0 0.0 0.0
56.0 24.3 24.3 74.1 0.0 0.0 0.0 0.0 0.0 0.0
57.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
58.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table A.5 The data from experimental in CO2 absorption by MEA concentration of

0.10, height to diameter ratio of 3.3 and inlet biogas flow rates of 1, 3 and 5 liter/min.

time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Cco2i 9%Ccoz %CcHy %Ccozi 9%Ccoz %Ccha %Ccoui %Cco2 %Ccha
0.0 25.3 25.3 70.8 25.1 25.1 73.5 25.7 25.7 72.4
1.0 25.3 3.5 92.6 25.1 7.2 914 25.7 8.1 90.0
2.0 25.3 3.4 92.7 25.1 7.1 91.5 25.7 7.9 90.2
3.0 25.3 3.4 92.7 25.1 7.0 91.6 25.7 7.8 90.3
4.0 25.3 3.3 92.8 25.1 7.0 91.6 25.7 7.7 90.4
5.0 25.3 3.2 92.9 25.1 6.9 91.7 25.7 7.7 90.4
6.0 25.3 3.1 93.0 25.1 6.8 91.8 25.7 7.8 90.3
7.0 25.3 3.1 93.0 25.1 6.8 91.8 25.7 7.9 90.2
8.0 25.3 3.1 93.0 25.1 6.8 91.8 25.7 8.3 89.8
9.0 25.3 2.9 93.2 25.1 7.1 915 25.7 9.1 89.0
10.0 25.3 2.8 93.3 25.1 7.4 91.2 25.7 9.9 88.2
11.0 25.3 2.7 93.4 25.1 7.8 90.8 25.7 10.6 87.5
12.0 25.3 2.7 93.4 25.1 8.2 90.4 25.7 11.6 86.5
13.0 25.3 2.6 935 25.1 8.6 90.0 25.7 12.7 85.4
14.0 25.3 2.6 93.5 25.1 9.0 89.6 25.7 13.4 84.7
15.0 25.3 2.6 93.5 25.1 9.5 89.1 25.7 14.0 84.1
16.0 253 2.8 93.3 25.1 10.0 88.6 25.7 15.2 82.9
17.0 25.3 2.9 93.2 25.1 11.0 87.6 25.7 16.6 81.5
18.0 2.2 3.0 93.1 25.1 12.1 86.5 25.7 18.6 79.5
19.0 25.3 3.2 92.9 25.1 12.8 85.8 25.7 19.7 78.4
20.0 25.3 3.4 92.7 25.1 13.6 85.0 25.7 215 76.6
21.0 25.3 3.6 92.5 pasres 15.0 83.6 25.7 22.8 75.3
22.0 25.3 3.8 92.3 25.1 16.9 81.7 25.7 235 74.6
23.0 25.3 4.1 92.0 25.1 17.8 80.8 25.7 24.6 735
24.0 25.3 4.3 91.8 25.1 19.0 79.6 25.7 25.4 72.7
25.0 25.3 4.6 91.5 25.1 22.1 76.5 25.7 25.7 72.4
26.0 25.3 5.1 91.0 25.1 234 75.2 0.0 0.0 0.0
27.0 25.3 5.3 90.8 25.1 24.4 74.2 0.0 0.0 0.0
28.0 25.3 5.7 90.4 25.1 24.8 73.8 0.0 0.0 0.0
29.0 25.3 6.1 90.0 25.1 25.0 73.6 0.0 0.0 0.0
30.0 25.3 6.5 89.6 25.1 25.1 735 0.0 0.0 0.0
31.0 25.3 7.1 89.0 0.0 0.0 0.0 0.0 0.0 0.0
32.0 25.3 7.6 88.5 0.0 0.0 0.0 0.0 0.0 0.0
33.0 25.3 7.9 88.2 0.0 0.0 0.0 0.0 0.0 0.0
34.0 25.3 8.3 87.8 0.0 0.0 0.0 0.0 0.0 0.0
35.0 25.3 8.9 87.2 0.0 0.0 0.0 0.0 0.0 0.0
36.0 25.3 9.5 86.6 0.0 0.0 0.0 0.0 0.0 0.0
37.0 25.3 9.9 86.2 0.0 0.0 0.0 0.0 0.0 0.0
38.0 25.3 10.4 85.7 0.0 0.0 0.0 0.0 0.0 0.0
39.0 25.3 11.0 85.1 0.0 0.0 0.0 0.0 0.0 0.0
40.0 25.3 11.6 84.5 0.0 0.0 0.0 0.0 0.0 0.0
41.0 25.3 12.2 83.9 0.0 0.0 0.0 0.0 0.0 0.0
42.0 25.3 13.3 82.8 0.0 0.0 0.0 0.0 0.0 0.0
43.0 25.3 14.5 81.6 0.0 0.0 0.0 0.0 0.0 0.0
44.0 25.3 15.6 80.5 0.0 0.0 0.0 0.0 0.0 0.0
45.0 25.3 16.6 79.5 0.0 0.0 0.0 0.0 0.0 0.0
46.0 25.3 17.7 78.4 0.0 0.0 0.0 0.0 0.0 0.0
47.0 25.3 18.8 773 0.0 0.0 0.0 0.0 0.0 0.0
48.0 25.3 19.9 76.2 0.0 0.0 0.0 0.0 0.0 0.0
49.0 25.3 21.0 75.1 0.0 0.0 0.0 0.0 0.0 0.0
50.0 25.3 21.9 74.2 0.0 0.0 0.0 0.0 0.0 0.0
51.0 25.3 22.8 73.3 0.0 0.0 0.0 0.0 0.0 0.0
52.0 25.3 24.0 72.1 0.0 0.0 0.0 0.0 0.0 0.0
53.0 25.3 24.7 714 0.0 0.0 0.0 0.0 0.0 0.0
54.0 25.3 25.2 70.9 0.0 0.0 0.0 0.0 0.0 0.0
55.0 25.3 25.3 70.8 0.0 0.0 0.0 0.0 0.0 0.0
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Table A.6 The data from experimental in CO2 absorption by MEA concentration of

0.10, height to diameter ratio of 6.5 and inlet biogas flow rates of 1, 3 and 5 liter/min.

time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Cco2i 9%Ccoz %Ccha %Ccozi %Cco2 %CcHa %Ccozi %Cco2 %CcHa
0.0 23.9 23.9 74.1 20.5 20.5 76.1 24.8 24.8 73.8
1.0 23.9 2.6 92.8 20.5 5.6 91.9 24.8 5.8 91.4
2.0 23.9 2.5 92.9 20.5 5.6 92.0 24.8 5.7 91.4
3.0 23.9 2.3 93.1 205 5.6 92.1 24.8 5.6 91.5
4.0 23.9 2.3 93.1 20.5 5.5 92.2 24.8 5.5 91.6
5.0 23.9 2.1 93.3 20.5 5.5 92.3 24.8 5.2 91.8
6.0 23.9 2.1 93.3 20.5 5.4 92.4 24.8 5.2 91.8
7.0 23.9 2.1 93.3 20.5 5.3 92.5 24.8 5.2 91.8
8.0 23.9 1.9 93.5 20.5 5.2 92.6 24.8 5.2 91.8
9.0 23.9 1.9 93.5 20.5 5.0 92.7 24.8 5.3 91.7
10.0 23.9 1.9 93.5 20.5 4.8 92.8 24.8 5.6 91.4
11.0 23.9 1.8 93.6 20.5 4.7 93.0 24.8 6.0 91.0
12.0 23.9 1.8 93.6 20.5 4.6 93.3 24.8 6.3 90.7
13.0 23.9 17 93.7 20.5 4.5 93.4 24.8 6.8 90.2
14.0 23.9 1.7 93.7 20.5 4.6 93.3 24.8 7.8 89.2
15.0 23.9 15 93.9 20.5 4.7 93.2 24.8 8.7 88.3
16.0 239 15 93.9 205 4.8 93.1 24.8 9.8 87.2
17.0 23.9 15 93.9 20.5 4.9 93.0 24.8 11.9 85.6
18.0 23.9 14 94.0 20.5 5.1 92.8 24.8 14.0 84.5
19.0 23.9 13 94.1 20.5 5.5 92.4 24.8 16.6 83.3
20.0 23.9 13 94.1 20.5 5.6 92.3 24.8 17.9 815
21.0 23.9 1.2 94.2 20.5 6.0 91.9 24.8 19.9 80.4
22.0 23.9 1.2 94.2 20.5 6.3 91.6 24.8 21.2 79.1
23.0 23.9 1.3 94.1 20.5 6.7 91.2 24.8 22.0 77.9
24.0 23.9 1.4 94.0 20.5 7.0 90.9 24.8 22.7 77.0
25.0 23.9 14 94.0 205 7.4 90.5 24.8 23.3 76.1
26.0 239 1.6 93.8 20.5 7.9 90.0 24.8 237 75.0
27.0 23.9 1.7 93.7 20.5 8.0 89.9 24.8 24.0 74.2
28.0 23.9 1.8 93.6 20.5 8.4 89.5 24.8 24.7 74.0
29.0 23.9 1.9 93.5 205 8.8 89.1 24.8 24.8 73.8
30.0 23.9 2.0 93.4 205 9.3 88.6 0.0 0.0 0.0
31.0 23.9 2.2 93.2 205 9.6 88.3 0.0 0.0 0.0
32.0 23.9 2.4 93.0 205 10.1 87.8 0.0 0.0 0.0
33.0 23.9 2.4 93.0 205 10.8 87.1 0.0 0.0 0.0
34.0 23.9 2.5 92.9 205 11.6 86.3 0.0 0.0 0.0
35.0 23.9 2.6 92.8 20.5 12.5 85.4 0.0 0.0 0.0
36.0 23.9 3.0 92.6 205 13.6 84.3 0.0 0.0 0.0
37.0 239 3.5 92.3 205 14.9 83.0 0.0 0.0 0.0
38.0 23.9 4.1 92.1 20.5 16.1 81.8 0.0 0.0 0.0
39.0 23.9 4.4 91.9 205 17.1 80.8 0.0 0.0 0.0
40.0 23.9 4.8 91.3 20.5 18.2 79.7 0.0 0.0 0.0
41.0 23.9 5.3 91.0 20.5 19.1 78.8 0.0 0.0 0.0
42.0 239 5.8 90.6 205 19.8 77.8 0.0 0.0 0.0
43.0 23.9 6.6 90.1 20.5 20.2 774 0.0 0.0 0.0
44.0 23.9 7.3 89.6 205 204 76.7 0.0 0.0 0.0
45.0 239 8.4 88.8 205 205 76.1 0.0 0.0 0.0
46.0 23.9 9.0 88.1 20.5 20.5 76.1 0.0 0.0 0.0
47.0 23.9 9.5 87.0 0.0 0.0 0.0 0.0 0.0 0.0
48.0 23.9 10.1 86.0 0.0 0.0 0.0 0.0 0.0 0.0
49.0 23.9 10.7 84.7 0.0 0.0 0.0 0.0 0.0 0.0
50.0 23.9 11.7 83.7 0.0 0.0 0.0 0.0 0.0 0.0
51.0 23.9 12.6 82.8 0.0 0.0 0.0 0.0 0.0 0.0
52.0 23.9 13.6 81.8 0.0 0.0 0.0 0.0 0.0 0.0
53.0 23.9 14.7 80.7 0.0 0.0 0.0 0.0 0.0 0.0
54.0 23.9 15.6 79.8 0.0 0.0 0.0 0.0 0.0 0.0
55.0 23.9 16.1 79.3 0.0 0.0 0.0 0.0 0.0 0.0
56.0 23.9 16.9 78.5 0.0 0.0 0.0 0.0 0.0 0.0
57.0 23.9 17.9 77.9 0.0 0.0 0.0 0.0 0.0 0.0
58.0 23.9 18.4 77.2 0.0 0.0 0.0 0.0 0.0 0.0
59.0 23.9 18.9 76.8 0.0 0.0 0.0 0.0 0.0 0.0
60.0 23.9 19.6 76.0 0.0 0.0 0.0 0.0 0.0 0.0
61.0 23.9 20.1 75.2 0.0 0.0 0.0 0.0 0.0 0.0
62.0 23.9 21.0 74.8 0.0 0.0 0.0 0.0 0.0 0.0
63.0 23.9 22.0 74.7 0.0 0.0 0.0 0.0 0.0 0.0
64.0 23.9 22.8 74.5 0.0 0.0 0.0 0.0 0.0 0.0
65.0 23.9 23.5 74.3 0.0 0.0 0.0 0.0 0.0 0.0
66.0 23.9 23.9 74.1 0.0 0.0 0.0 0.0 0.0 0.0
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Table A.7 The data from experimental in CO2 absorption by MEA concentration of

0.20, height to diameter ratio of 1.4 and inlet biogas flow rates of 1, 3 and 5 liter/min.

time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Cco2i 9%Ccoz %CcHy %Ccozi 9%Ccoz %Ccha %Ccoui %Cco2 %Ccha
0.0 27.8 27.8 70.5 26.0 26.0 70.7 24.6 24.6 70.0
1.0 27.8 6.8 93.1 26.0 2.2 94.5 24.6 2.1 92.5
2.0 27.8 6.8 93.1 26.0 2.2 94.6 24.6 1.9 92.7
3.0 27.8 6.7 93.1 26.0 2.2 94.7 24.6 17 92.9
4.0 27.8 6.6 93.2 26.0 2.1 94.8 24.6 15 93.1
5.0 27.8 6.5 93.4 26.0 2.0 94.9 24.6 1.2 93.4
6.0 27.8 6.3 93.7 26.0 1.9 95.0 24.6 1.1 93.5
7.0 27.8 6.1 93.9 26.0 1.8 95.1 24.6 0.9 93.7
8.0 27.8 5.9 94.1 26.0 1.7 95.2 24.6 0.7 93.9
9.0 27.8 5.7 94.3 26.0 Ll 95.2 24.6 0.6 94.0
10.0 27.8 5.5 94.5 26.0 15 95.4 24.6 0.9 93.7
11.0 27.8 5.3 94.7 26.0 14 95.5 24.6 1.3 93.3
12.0 27.8 5.2 94.8 26.0 14 95.5 24.6 2.6 92.0
13.0 27.8 51 94.9 26.0 1.7 95.2 24.6 3.3 91.3
14.0 27.8 5.0 95.0 26.0 2.2 94.6 24.6 4.2 90.4
15.0 27.8 4.9 95.1 26.0 2.9 94.0 24.6 5.0 89.6
16.0 27.8 4.8 95.2 26.0 3.2 93.7 24.6 5.8 88.8
17.0 27.8 4.8 95.2 26.0 3.5 93.4 24.6 6.6 88.0
18.0 27.8 4.8 95.2 26.0 3.9 93.0 24.6 74 87.2
19.0 27.8 4.8 95.2 26.0 4.5 92.4 24.6 8.1 86.5
20.0 27.8 4.8 95.2 26.0 4.9 92.0 24.6 9.0 85.6
21.0 27.8 4.8 95.2 26.0 5.3 91.6 24.6 10.0 84.6
22.0 27.8 4.8 95.2 26.0 5.8 91.1 24.6 10.4 84.2
23.0 27.8 4.8 95.2 26.0 6.6 90.3 24.6 11.0 83.6
24.0 27.8 4.8 95.2 26.0 7.5 89.4 24.6 11.6 83.0
25.0 27.8 4.8 95.2 26.0 8.3 88.6 24.6 12.6 82.0
26.0 27.8 4.8 95.2 26.0 8.7 88.2 24.6 135 81.1
27.0 27.8 4.8 95.2 26.0 9.1 87.8 24.6 15.4 79.2
28.0 27.8 4.8 95.2 26.0 9.9 87.0 24.6 15.5 79.1
29.0 27.8 4.8 95.2 26.0 10.1 86.8 24.6 16.9 7.7
30.0 27.8 4.8 95.2 26.0 10.6 86.3 24.6 17.7 76.9
31.0 27.8 4.8 95.2 26.0 115 85.4 24.6 18.4 76.2
32.0 27.8 4.9 95.1 26.0 11.8 85.1 24.6 19.2 75.4
33.0 27.8 5.0 95.0 26.0 12.6 84.3 24.6 20.1 74.5
34.0 27.8 5.0 95.0 26.0 §3.2 83.7 24.6 21.2 734
35.0 27.8 5.1 94.9 26.0 14.0 82.9 24.6 21.9 72.7
36.0 27.8 5.3 94.7 26.0 14.8 82.1 24.6 22.9 71.7
37.0 27.8 5.6 94.4 26.0 15.5 814 24.6 23.7 70.9
38.0 27.8 6.1 93.9 26.0 16.1 80.8 24.6 24.0 70.6
39.0 27.8 6.1 93.9 26.0 17.2 79.7 24.6 24.3 70.3
40.0 27.8 6.3 93.7 26.0 18.3 78.6 24.6 24.6 70.0
41.0 27.8 6.6 93.4 26.0 19.0 77.9 24.6 24.6 70.0
42.0 27.8 6.6 93.4 26.0 20.1 76.8 0.0 0.0 0.0
43.0 27.8 L 92.9 26.0 20.9 76.0 0.0 0.0 0.0
44.0 27.8 7.4 92.6 26.0 21.8 75.1 0.0 0.0 0.0
45.0 27.8 75 92.5 26.0 22.8 74.3 0.0 0.0 0.0
46.0 27.8 7.5 92.5 26.0 23.7 73.6 0.0 0.0 0.0
47.0 27.8 7.7 92.3 26.0 24.2 72.9 0.0 0.0 0.0
48.0 27.8 8.1 91.9 26.0 24.7 72.0 0.0 0.0 0.0
49.0 27.8 8.2 91.8 26.0 25.3 71.4 0.0 0.0 0.0
50.0 27.8 8.4 91.6 26.0 25.7 71.0 0.0 0.0 0.0
51.0 27.8 8.9 91.1 26.0 25.9 70.8 0.0 0.0 0.0
52.0 27.8 9.0 91.0 0.0 0.0 0.0 0.0 0.0 0.0
53.0 27.8 9.4 90.6 0.0 0.0 0.0 0.0 0.0 0.0
54.0 27.8 9.4 90.6 0.0 0.0 0.0 0.0 0.0 0.0
55.0 27.8 10.0 90.0 0.0 0.0 0.0 0.0 0.0 0.0
56.0 27.8 10.1 89.9 0.0 0.0 0.0 0.0 0.0 0.0
57.0 27.8 10.3 89.7 0.0 0.0 0.0 0.0 0.0 0.0
58.0 27.8 10.6 89.4 0.0 0.0 0.0 0.0 0.0 0.0
59.0 27.8 10.9 89.1 0.0 0.0 0.0 0.0 0.0 0.0
60.0 27.8 11.3 88.7 0.0 0.0 0.0 0.0 0.0 0.0
61.0 27.8 11.5 88.5 0.0 0.0 0.0 0.0 0.0 0.0
62.0 27.8 11.8 88.2 0.0 0.0 0.0 0.0 0.0 0.0
63.0 27.8 12.4 87.6 0.0 0.0 0.0 0.0 0.0 0.0
64.0 27.8 12.6 87.5 0.0 0.0 0.0 0.0 0.0 0.0
65.0 27.8 13.0 87.0 0.0 0.0 0.0 0.0 0.0 0.0
66.0 27.8 13.5 86.5 0.0 0.0 0.0 0.0 0.0 0.0
67.0 27.8 14.0 86.0 0.0 0.0 0.0 0.0 0.0 0.0




time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Ccozi 9%Cco2 %CcHa %Ccozi 9%Cco2 %Cch4 %Ccoui 9%Cco2 %Ccha
68.0 27.8 14.3 85.7 0.0 0.0 0.0 0.0 0.0 0.0
69.0 27.8 14.9 85.1 0.0 0.0 0.0 0.0 0.0 0.0
70.0 27.8 15.1 84.9 0.0 0.0 0.0 0.0 0.0 0.0
71.0 27.8 15.6 84.4 0.0 0.0 0.0 0.0 0.0 0.0
72.0 27.8 16.3 83.7 0.0 0.0 0.0 0.0 0.0 0.0
73.0 27.8 16.9 83.1 0.0 0.0 0.0 0.0 0.0 0.0
74.0 27.8 17.6 82.4 0.0 0.0 0.0 0.0 0.0 0.0
75.0 27.8 18.1 81.9 0.0 0.0 0.0 0.0 0.0 0.0
76.0 27.8 18.8 81.2 0.0 0.0 0.0 0.0 0.0 0.0
77.0 27.8 20.2 79.8 0.0 0.0 0.0 0.0 0.0 0.0
78.0 27.8 20.6 79.4 0.0 0.0 0.0 0.0 0.0 0.0
79.0 27.8 21.0 79.0 0.0 0.0 0.0 0.0 0.0 0.0
80.0 27.8 21.4 78.6 0.0 0.0 0.0 0.0 0.0 0.0
81.0 27.8 22.0 78.0 0.0 0.0 0.0 0.0 0.0 0.0
82.0 27.8 22.2 77.8 0.0 0.0 0.0 0.0 0.0 0.0
83.0 27.8 234 76.6 0.0 0.0 0.0 0.0 0.0 0.0
84.0 27.8 24.0 76.0 0.0 0.0 0.0 0.0 0.0 0.0
85.0 27.8 24.7 75.3 0.0 0.0 0.0 0.0 0.0 0.0
86.0 27.8 25.6 74.2 0.0 0.0 0.0 0.0 0.0 0.0
87.0 27.8 26.4 73.0 0.0 0.0 0.0 0.0 0.0 0.0
88.0 27.8 26.8 72.1 0.0 0.0 0.0 0.0 0.0 0.0
89.0 27.8 27.2 715 0.0 0.0 0.0 0.0 0.0 0.0
90.0 27.8 27.4 711 0.0 0.0 0.0 0.0 0.0 0.0
91.0 27.8 275 70.9 0.0 0.0 0.0 0.0 0.0 0.0
92.0 27.8 27.6 70.7 0.0 0.0 0.0 0.0 0.0 0.0
93.0 27.8 27.7 70.5 0.0 0.0 0.0 0.0 0.0 0.0

Table A.8 The data from experimental in CO2 absorption by MEA concentration of

0.20, height to diameter ratio of 3.3 and inlet biogas flow rates of 1, 3 and 5 liter/min

time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Cco2i %Ccoz %CcHa %Cco2i 9%Ccoz %Ccha %Ccoui %Cco2 %Ccha
0.0 28.5 28.5 70.5 25.5 25.1 73.5 25.5 25.5 72.4
1.0 28.5 2.6 93.4 255 3.2 92.8 25.5 1.6 92.9
2.0 28.5 2.5 93.5 255 3.1 92.9 25.5 1.6 92.9
3.0 28.5 2.4 93.6 25.5 3.0 93.0 25.5 15 93.0
4.0 28.5 2.4 93.6 255 3.0 93.0 25.5 15 93.0
5.0 28.5 2.4 93.6 25.5 2.9 93.1 255 14 93.1
6.0 28.5 2.3 93.7 25.5 2.9 93.1 25.5 14 93.1
7.0 28.5 2.3 93.7 25.5 2.8 93.2 25.5 1.4 93.1
8.0 28.5 2.3 93.7 25.5 2.6 93.4 25.5 15 93.0
9.0 28.5 2.2 93.8 255 25 93.5 25.5 15 93.0
10.0 28.5 2.2 93.8 255 24 93.6 25.5 1.9 92.6
11.0 28.5 2.2 93.8 25.5 2.4 93.6 25.5 2.3 92.2
12.0 28.5 2.1 93.9 255 25 93.5 25.5 2.6 91.9
13.0 28.5 2.0 94.0 25'8 2.5 93.5 25.5 2.8 91.7
14.0 28.5 1.9 94.1 25.5 2.6 93.4 25.5 3.5 91.0
15.0 28.5 1.7 94.3 255 2.6 934 25.5 3.8 90.7
16.0 28.5 1.6 94.4 25.5 2.8 93.2 25.5 5.0 89.5
17.0 28.5 1.4 94.6 255 2.8 93.2 255 5.9 88.6
18.0 28.5 1.3 94.7 25.5 2.8 93.2 25.5 6.4 88.1
19.0 28.5 1.2 94.8 25.5 3.0 93.0 25.5 6.7 87.8
20.0 28.5 1.2 94.8 25.5 34 92.6 25.5 7.5 87.0
21.0 28.5 1.2 94.8 25.5 3.9 92.1 25.5 8.1 86.4
22.0 28.5 1.0 95.0 25.5 4.4 91.6 25.5 8.7 85.8
23.0 28.5 1.0 95.0 255 4.9 91.1 25.5 9.7 84.8
24.0 28.5 1.0 95.0 25.5 5.7 90.3 25.5 10.4 84.1
25.0 28.5 0.7 95.3 255 6.2 89.8 25.5 11.2 82.6
26.0 28.5 0.9 95.1 255 6.4 89.6 25.5 12.0 82.2
27.0 28.5 1.1 94.9 25.5 7.4 88.6 25.5 135 81.0
28.0 28.5 1.1 94.9 25.5 7.6 88.4 25.5 15.0 80.2
29.0 28.5 1.1 94.9 25.5 8.2 87.8 25.5 17.7 79.2
30.0 28.5 1.1 94.9 25.5 8.8 87.2 25.5 19.2 78.2
31.0 28.5 1.1 94.9 25.5 9.4 86.6 25.5 20.7 77.2
32.0 28.5 1.1 94.9 25.5 9.7 86.3 25.5 21.9 76.7
33.0 28.5 1.2 94.8 25.5 10.9 85.1 25.5 22.9 75.7
34.0 28.5 14 94.6 25.5 115 84.5 25.5 24.0 73.2
35.0 28.5 15 94.5 25.5 12.1 83.9 25.5 25.1 72.8
36.0 28.5 1.6 94.4 25.5 13.7 82.3 25.5 25.3 72.6
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time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Ccozi 9%Cco2 %CcHa %Ccozi 9%Cco2 %Cch4 %Ccoui 9%Cco2 %Ccha
37.0 28.5 2.0 94.0 25.5 14.3 81.7 25.5 25.5 72.4
38.0 28.5 2.2 93.8 25.5 15.0 80.9 0.0 0.0 0.0
39.0 28.5 2.3 93.7 25.5 15.9 79.9 0.0 0.0 0.0
40.0 28.5 2.4 93.6 25.5 16.7 79.1 0.0 0.0 0.0
41.0 28.5 3.2 92.8 25.5 17.5 78.6 0.0 0.0 0.0
42.0 28.5 3.6 92.4 25.5 18.5 77.5 0.0 0.0 0.0
43.0 28.5 3.7 92.3 25.5 20.5 76.7 0.0 0.0 0.0
44.0 28.5 3.8 92.2 255 21.7 75.7 0.0 0.0 0.0
45.0 28.5 3.9 92.1 25.5 22.5 74.9 0.0 0.0 0.0
46.0 28.5 4.3 91.7 25.5 23.7 74.0 0.0 0.0 0.0
47.0 28.5 4.7 91.3 25.5 24.5 73.8 0.0 0.0 0.0
48.0 28.5 4.7 91.3 25.5 25.0 73.6 0.0 0.0 0.0
49.0 28.5 4.7 91.3 25.5 25.1 73.5 0.0 0.0 0.0
50.0 28.5 5.2 90.8 25.5 25.2 73.5 0.0 0.0 0.0
51.0 28.5 5.5 90.5 0.0 0.0 0.0 0.0 0.0 0.0
52.0 28.5 5.7 90.3 0.0 0.0 0.0 0.0 0.0 0.0
53.0 28.5 6.0 90.0 0.0 0.0 0.0 0.0 0.0 0.0
54.0 28.5 6.2 89.8 0.0 0.0 0.0 0.0 0.0 0.0
55.0 28.5 6.3 89.7 0.0 0.0 0.0 0.0 0.0 0.0
56.0 28.5 6.4 89.6 0.0 0.0 0.0 0.0 0.0 0.0
57.0 28.5 6.5 89.5 0.0 0.0 0.0 0.0 0.0 0.0
58.0 28.5 6.7 89.3 0.0 0.0 0.0 0.0 0.0 0.0
59.0 28.5 7.1 88.9 0.0 0.0 0.0 0.0 0.0 0.0
60.0 28.5 7.6 88.4 0.0 0.0 0.0 0.0 0.0 0.0
61.0 28.5 7.9 88.1 0.0 0.0 0.0 0.0 0.0 0.0
62.0 28.5 8.3 87.7 0.0 0.0 0.0 0.0 0.0 0.0
63.0 28.5 8.6 87.4 0.0 0.0 0.0 0.0 0.0 0.0
64.0 28.5 9.0 87.0 0.0 0.0 0.0 0.0 0.0 0.0
65.0 28.5 9.4 86.6 0.0 0.0 0.0 0.0 0.0 0.0
66.0 28.5 9.9 86.1 0.0 0.0 0.0 0.0 0.0 0.0
67.0 28.5 10.6 85.4 0.0 0.0 0.0 0.0 0.0 0.0
68.0 28.5 11.5 84.5 0.0 0.0 0.0 0.0 0.0 0.0
69.0 28.5 12.0 84.0 0.0 0.0 0.0 0.0 0.0 0.0
70.0 28.5 12.6 83.4 0.0 0.0 0.0 0.0 0.0 0.0
71.0 28.5 13.1 82.9 0.0 0.0 0.0 0.0 0.0 0.0
72.0 28.5 137 82.3 0.0 0.0 0.0 0.0 0.0 0.0
73.0 28.5 14.5 815 0.0 0.0 0.0 0.0 0.0 0.0
74.0 28.5 15.0 81.3 0.0 0.0 0.0 0.0 0.0 0.0
75.0 28.5 15.6 80.9 0.0 0.0 0.0 0.0 0.0 0.0
76.0 28.5 16.2 80.4 0.0 0.0 0.0 0.0 0.0 0.0
77.0 28.5 17.0 79.8 0.0 0.0 0.0 0.0 0.0 0.0
78.0 28.5 18.1 79.3 0.0 0.0 0.0 0.0 0.0 0.0
79.0 28.5 18.6 78.6 0.0 0.0 0.0 0.0 0.0 0.0
80.0 28.5 19.2 779 0.0 0.0 0.0 0.0 0.0 0.0
81.0 28.5 19.4 774 0.0 0.0 0.0 0.0 0.0 0.0
82.0 28.5 19.7 76.8 0.0 0.0 0.0 0.0 0.0 0.0
83.0 28.5 20.2 76.6 0.0 0.0 0.0 0.0 0.0 0.0
84.0 28.5 20.8 76.3 0.0 0.0 0.0 0.0 0.0 0.0
85.0 28.5 L2 75.8 0.0 0.0 0.0 0.0 0.0 0.0
86.0 28.5 224 75.2 0.0 0.0 0.0 0.0 0.0 0.0
87.0 28.5 22.8 74.8 0.0 0.0 0.0 0.0 0.0 0.0
88.0 28.5 235 74.4 0.0 0.0 0.0 0.0 0.0 0.0
89.0 28.5 24.7 73.8 0.0 0.0 0.0 0.0 0.0 0.0
90.0 28.5 25.8 727 0.0 0.0 0.0 0.0 0.0 0.0
91.0 28.5 26.2 72.1 0.0 0.0 0.0 0.0 0.0 0.0
92.0 28.5 27.1 71.4 0.0 0.0 0.0 0.0 0.0 0.0
93.0 28.5 27.6 70.9 0.0 0.0 0.0 0.0 0.0 0.0
94.0 28.5 28.0 70.8 0.0 0.0 0.0 0.0 0.0 0.0
95.0 28.5 28.3 70.6 0.0 0.0 0.0 0.0 0.0 0.0
96.0 28.5 28.5 70.5 0.0 0.0 0.0 0.0 0.0 0.0
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Table A.9 The data from experimental in CO2 absorption by MEA concentration of

0.20, height to diameter ratio of 6.5 and inlet biogas flow rates of 1, 3 and 5 liter/min

time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Cco2i 9%Ccoz %CcHy %Ccozi 9%Ccoz %Ccha %Ccoui %Cco2 %Ccha
0.0 28.5 28.5 70.6 27.5 27.5 715 25.9 25.9 73.2
1.0 28.5 2.7 93.4 275 2.6 93.5 25.9 3.7 93.3
2.0 28.5 2.7 93.4 27.5 2.6 93.5 25.9 3.7 93.3
3.0 28.5 2.7 93.4 275 25 93.6 25.9 3.7 93.3
4.0 28.5 2.7 93.4 275 25 93.6 25.9 3.7 93.3
5.0 28.5 2.7 93.4 27.5 2.5 93.6 25.9 3.6 93.4
6.0 28.5 2.7 93.4 275 2.3 93.8 25.9 3.6 93.4
7.0 28.5 2.5 93.6 27.5 2.3 93.8 25.9 3.6 93.4
8.0 28.5 2.5 93.6 27.5 2.3 93.8 25.9 3.6 93.4
9.0 28.5 2.5 93.6 275 2.1 94.0 25.9 3.4 93.6
10.0 28.5 2.5 93.6 27.5 1.9 94.2 25.9 3.4 93.6
11.0 28.5 2.5 93.6 275 1.9 94.2 25.9 3.4 93.6
12.0 28.5 2.3 93.8 275 1.9 94.2 25.9 3.2 93.8
13.0 28.5 2.3 93.8 275 1.9 94.2 25.9 3.2 93.8
14.0 28.5 2.1 94.0 275 1.9 94.2 25.9 2.9 94.1
15.0 28.5 1.9 94.2 275 1.8 94.3 259 2.9 94.1
16.0 28.5 17 94.4 275 1.8 94.3 259 2.7 94.3
17.0 28.5 1.6 94.5 275 1.9 94.2 25.9 2.8 94.2
18.0 28.5 1.6 94.5 275 2.0 94.1 25.9 3.1 93.9
19.0 28.5 13 94.8 275 Vi 94.0 25.9 3.3 93.7
20.0 28.5 13 94.8 215 2.6 93.8 25.9 3.8 93.2
21.0 28.5 1.0 95.1 20D 2.7 934 25.9 4.0 93.0
22.0 28.5 1.0 95.1 215 2.9 93.3 25.9 4.4 92.6
23.0 28.5 0.7 95.4 275 3.2 93.3 25.9 4.9 92.1
24.0 28.5 1.0 95.1 275 3.6 93.0 25.9 5.8 91.6
25.0 28.5 0.9 95.2 275 4.0 92.7 25.9 7.4 91.0
26.0 28.5 0.9 95.2 275 4.2 925 25.9 8.5 90.6
27.0 28.5 0.9 95.2 275 4.6 92.3 25.9 9.3 90.1
28.0 28.5 0.9 95.2 275 4.9 92.1 25.9 10.1 89.6
29.0 28.5 0.9 95.2 275 5.3 91.9 25.9 11.1 88.5
30.0 28.5 0.9 95.2 275 5.6 915 25.9 12.0 87.7
31.0 28.5 0.9 95.2 215 5.9 91.2 25.9 13.0 86.9
32.0 28.5 0.9 95.2 2715 6.5 90.8 25.9 13.9 85.9
33.0 28.5 0.9 95.2 27.5 7.0 90.5 25.9 14.8 85.0
34.0 28.5 0.9 95.2 275 7.6 90.2 25.9 15.6 84.0
35.0 28.5 0.9 95.2 27.5 8.1 89.6 25.9 16.9 83.1
36.0 28.5 0.9 95.2 275 8.7 89.1 25.9 17.6 82.2
37.0 28.5 1.0 95.1 275 9.7 88.5 25.9 18.4 81.4
38.0 28.5 1.2 94.9 27.5 10.4 88.0 25.9 19.7 80.1
39.0 28.5 1.2 94.9 275 11.0 87.4 25.9 20.2 79.4
40.0 28.5 1.2 94.9 27.5 12.1 86.4 25.9 20.8 78.6
41.0 28.5 15 94.6 27.5 13.1 85.7 25.9 21.5 77.9
42.0 28.5 15 94.6 275 14.2 85.1 25.9 22.2 77.3
43.0 28.5 1.6 94.5 27.5 15.1 84.0 25.9 22.9 76.8
44.0 28.5 1.8 94.3 27.5 16.0 83.0 25.9 239 76.2
45.0 28.5 1.9 94.2 275 16.9 81.9 25.9 24.8 75.7
46.0 28.5 2.0 94.1 27.5 18.1 81.0 25.9 25.2 75.1
47.0 28.5 2.1 94.0 275 19.1 80.1 25.9 25.4 74.6
48.0 28.5 2.5 93.6 275 20.1 79.2 25.9 25.5 73.7
49.0 28.5 2.1 94.0 27.5 21.0 78.0 25.9 25.5 73.5
50.0 28.5 2.4 93.7 275 21.8 77.0 25.9 25.7 73.3
51.0 28.5 2.6 93.5 27.5 22.5 76.0 0.0 0.0 0.0
52.0 28.5 2.8 93.3 275 23.2 75.1 0.0 0.0 0.0
53.0 28.5 2.9 93.2 275 24.0 74.3 0.0 0.0 0.0
54.0 28.5 3.1 93.0 27.5 24.8 73.6 0.0 0.0 0.0
55.0 28.5 3.3 92.8 275 25.7 72.9 0.0 0.0 0.0
56.0 28.5 3.5 92.6 27.5 26.4 72.1 0.0 0.0 0.0
57.0 28.5 4.0 92.1 27.5 27.0 71.9 0.0 0.0 0.0
58.0 28.5 3.9 92.2 275 27.3 71.5 0.0 0.0 0.0
59.0 28.5 4.1 92.0 0.0 0.0 0.0 0.0 0.0 0.0
60.0 28.5 4.3 91.8 0.0 0.0 0.0 0.0 0.0 0.0
61.0 28.5 4.6 915 0.0 0.0 0.0 0.0 0.0 0.0
62.0 28.5 5.1 91.0 0.0 0.0 0.0 0.0 0.0 0.0
63.0 28.5 5.4 90.7 0.0 0.0 0.0 0.0 0.0 0.0
64.0 28.5 5.6 90.5 0.0 0.0 0.0 0.0 0.0 0.0
65.0 28.5 6.0 90.1 0.0 0.0 0.0 0.0 0.0 0.0
66.0 28.5 6.5 89.6 0.0 0.0 0.0 0.0 0.0 0.0
67.0 28.5 6.8 89.3 0.0 0.0 0.0 0.0 0.0 0.0




time(min) 1.0 lite/min 3.0 lite/min 5.0 lite/min
%Ccozi 9%Cco2 %CcHa %Ccozi 9%Cco2 %Cch4 %Ccoui 9%Cco2 %Ccha
68.0 28.5 7.3 88.8 0.0 0.0 0.0 0.0 0.0 0.0
69.0 28.5 7.7 88.4 0.0 0.0 0.0 0.0 0.0 0.0
70.0 28.5 8.3 88.1 0.0 0.0 0.0 0.0 0.0 0.0
71.0 28.5 8.8 87.8 0.0 0.0 0.0 0.0 0.0 0.0
72.0 28.5 9.2 87.3 0.0 0.0 0.0 0.0 0.0 0.0
73.0 28.5 9.7 86.9 0.0 0.0 0.0 0.0 0.0 0.0
74.0 28.5 10.1 86.4 0.0 0.0 0.0 0.0 0.0 0.0
75.0 28.5 10.4 86.0 0.0 0.0 0.0 0.0 0.0 0.0
76.0 28.5 11.0 85.7 0.0 0.0 0.0 0.0 0.0 0.0
77.0 28.5 11.7 85.1 0.0 0.0 0.0 0.0 0.0 0.0
78.0 28.5 12.0 84.4 0.0 0.0 0.0 0.0 0.0 0.0
79.0 28.5 12.8 84.2 0.0 0.0 0.0 0.0 0.0 0.0
80.0 28.5 13.8 83.5 0.0 0.0 0.0 0.0 0.0 0.0
81.0 28.5 14.8 82.9 0.0 0.0 0.0 0.0 0.0 0.0
82.0 28.5 15.4 82.6 0.0 0.0 0.0 0.0 0.0 0.0
83.0 28.5 16.5 82.1 0.0 0.0 0.0 0.0 0.0 0.0
84.0 28.5 17.2 815 0.0 0.0 0.0 0.0 0.0 0.0
85.0 28.5 18.0 81.3 0.0 0.0 0.0 0.0 0.0 0.0
86.0 28.5 18.6 81.0 0.0 0.0 0.0 0.0 0.0 0.0
87.0 28.5 19.0 80.2 0.0 0.0 0.0 0.0 0.0 0.0
88.0 28.5 19.6 79.5 0.0 0.0 0.0 0.0 0.0 0.0
89.0 28.5 20.2 78.9 0.0 0.0 0.0 0.0 0.0 0.0
90.0 28.5 21.0 78.0 0.0 0.0 0.0 0.0 0.0 0.0
91.0 28.5 22.0 71.6 0.0 0.0 0.0 0.0 0.0 0.0
92.0 28.5 22.9 76.9 0.0 0.0 0.0 0.0 0.0 0.0
93.0 28.5 23.8 76.1 0.0 0.0 0.0 0.0 0.0 0.0
94.0 28.5 24.6 75.1 0.0 0.0 0.0 0.0 0.0 0.0
95.0 28.5 25.6 4.7 0.0 0.0 0.0 0.0 0.0 0.0
96.0 28.5 26.2 735 0.0 0.0 0.0 0.0 0.0 0.0
97.0 28.5 26.9 72.4 0.0 0.0 0.0 0.0 0.0 0.0
98.0 28.5 217 715 0.0 0.0 0.0 0.0 0.0 0.0
99.0 28.5 28.2 71.0 0.0 0.0 0.0 0.0 0.0 0.0
100.0 28.5 28.4 70.6 0.0 0.0 0.0 0.0 0.0 0.0
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The experimental data for Used MEA Solution Regeneration

Table A.10 The pH of used solution regeneration in 1% time.

Heating without ultrasonic wave method

Heating with ultrasonic wave method

Time 98°C 90°C 80°C 70°C 60°C 50°C 90°C 80°C 70°C 60°C
0.0 7.7 7.6 7.6 7.6 75 75 7.6 7.6 7.7 7.6
3.0 7.9 7.9 7.9 7.9 7.8 7.7 7.9 7.9 7.9 7.8
6.0 8.2 8.1 8.1 8.1 8.0 7.8 8.3 8.3 8.3 7.9
9.0 8.3 8.5 8.5 8.4 8.2 7.9 8.5 8.5 8.5 8.0
12.0 8.5 8.5 8.5 8.5 8.5 8.0 8.7 8.5 8.6 8.3
15.0 8.8 8.6 8.6 8.5 8.6 8.0 8.9 8.7 8.7 8.4
18.0 9.0 8.8 8.6 8.5 8.6 8.0 9.0 8.9 8.8 8.5
21.0 9.3 9.0 8.8 8.6 8.6 8.0 9.1 9.0 8.8 8.4
24.0 9.6 9.1 8.9 8.6 8.6 8.1 9.2 9.2 8.8 8.5
27.0 9.8 9.3 9.1 8.7 8.6 8.1 9.3 9.3 8.8 8.5
30.0 9.9 9.4 9.2 8.7 8.6 8.1 9.5 9.4 8.8 8.5
33.0 10.0 9.5 9.3 8.7 8.6 8.2 9.6 9.5 8.8 8.4
36.0 10.0 9.5 9.3 8.7 8.6 8.2 9.7 9.6 8.8 8.6
39.0 10.1 9.6 9.3 8.7 8.6 8.3 9.7 9.6 8.9 8.6
42.0 10.2 9.6 9.3 8.7 8.6 8.2 9.9 9.7 8.9 8.6
45.0 10.3 9.6 9.3 8.7 8.6 8.2 9.9 9.7 8.9 8.6
48.0 10.3 9.7 9.3 8.7 8.6 8.3 10.0 9.8 8.9 8.6
51.0 10.3 9.7 9.3 8.7 8.6 8.3 10.0 9.8 9.0 8.7
54.0 10.3 9.7 9.3 8.7 8.6 8.3 10.0 9.8 9.0 8.6
57.0 10.3 9.7 9.3 8.7 8.6 8.3 10.1 9.8 9.0 8.6
60.0 10.3 9.7 9.3 8.7 8.6 8.3 10.1 9.9 9.0 8.7
63.0 10.3 9.7 9.3 8.7 8.6 8.3 10.1 9.9 9.0 8.7
66.0 10.3 9.8 9.4 8.7 8.6 8.3 10.2 10.0 9.1 8.7
69.0 10.3 9.8 9.4 8.7 8.6 8.3 10.2 10.0 9.1 8.7
72.0 10.3 9.8 9.4 8.7 8.6 8.3 10.2 10.0 9.1 8.7
75.0 10.3 9.8 9.4 8.7 8.6 8.3 10.2 10.0 9.1 8.7
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Table A.11 The data from experimental in 1, 2" and 3" CO_ absorption by fresh and

reused MEA solution at height to diameter ratio of 6.5 and inlet biogas flow rates of

5 liter/min; Regeneration by 98°C Heating

time(min) 1st 2nd 3rd
pH %Cco2i | %Cco | %Ccra pH %Cco2i | %Cco | %Cca pH %Cco2i | %Cco2 | %Ccha

0.0 10.9 19.5 19.5 78.0 10.3 19.5 19.5 78.0 10.2 19.5 19.5 78.0
1.0 19.5 0.6 924 19.5 0.6 92.4 19.5 0.8 92.2
2.0 10.5 19.5 0.6 92.4 9.9 19.5 0.6 92.4 9.8 19.5 0.8 92.2
3.0 19.5 0.6 92.4 19.5 0.6 92.4 19.5 0.9 92.1
4.0 10.3 19.5 0.6 92.4 9.6 19.5 0.6 92.4 9.5 19.5 0.9 92.1
5.0 19.5 0.6 92.4 19.5 0.6 92.4 19.5 0.9 92.1
6.0 10.0 19.5 0.6 92.4 9.3 19.5 0.6 92.4 9.1 19.5 1.1 91.9
7.0 19.5 0.6 92.4 19.5 0.6 92.4 19.5 13 91.7
8.0 9.9 19.5 0.6 92.4 9.1 19.5 0.9 92.1 8.7 19.5 15 91.5
9.0 19.5 0.6 92.4 19.5 0.9 92.1 19.5 2.0 91.0
10.0 9.7 19.5 0.6 92.4 8.9 19.5 0.9 92.1 8.5 19.5 2.3 90.7
11.0 19.5 0.6 924 19.5 0.9 92.1 19.5 25 90.5
12.0 9.5 19.5 0.5 925 8.7 19.5 15 915 8.4 19.5 3.0 90.0
13.0 19.5 0.5 925 19.5 1.7 91.3 19.5 3.8 89.2
14.0 9.4 19.5 0.5 925 8.5 19.5 2.0 91.0 8.3 19.5 4.1 88.9
15.0 19.5 0.5 925 19.5 2.0 91.0 19.5 5.0 88.0
16.0 9.2 19.5 0.5 925 8.4 19.5 2.4 90.6 8.0 19.5 6.5 86.5
17.0 19.5 0.5 92.5 19.5 2.7 90.3 19.5 8.2 84.8
18.0 9.1 19.5 0.5 925 8.3 19.5 3.4 89.6 7.7 19.5 9.5 83.5
19.0 19.5 0.6 924 19.5 4.5 88.5 19.5 10.7 82.3
20.0 9.0 19.5 0.6 92.4 8.0 19.5 5.3 87.7 7.6 19.5 12.0 814
21.0 19.5 0.6 92.4 19.5 6.1 86.9 19.5 13.5 80.5
22.0 8.9 19.5 0.6 924 7.8 19.5 7.5 85.5 7.6 19.5 14.6 79.9
23.0 19.5 0.6 92.4 19.5 8.6 84.4 19.5 15.0 79.8
24.0 8.8 19.5 0.7 92.3 7.7 19.5 9.7 83.3

25.0 19.5 0.7 92.3 19.5 10.8 82.2

26.0 8.8 19.5 0.7 92.3 7.7 19.5 12.0 81.0

27.0 19.5 0.8 92.2 19.5 12.9 80.1

28.0 8.7 19.5 0.8 92.2 7.6 19.5 13.8 79.2

29.0 19.5 0.9 92.1 19.5 14.4 78.6

30.0 8.6 19.5 1.4 91.6 7.6 19.5 14.8 78.2

31.0 19.5 2.0 91.0 19.5 14.9 78.1

32.0 8.5 19.5 2.4 90.6 7.6 19.5 15.0 78.0

33.0 19.5 2.9 90.1

34.0 8.4 19.5 3.4 89.6

35.0 19.5 4.5 88.5

36.0 8.3 19.5 5.3 87.7

37.0 19.5 6.1 86.9

38.0 8.1 19.5 7.1 85.9

39.0 19.5 8.0 85.0

40.0 8.0 19.5 9.0 84.0

41.0 19.5 9.9 83.1

42.0 7.9 19.5 10.8 82.2

43.0 19.5 11.6 814

44.0 7.7 19.5 12.9 80.1

45.0 19.5 13.6 79.4

46.0 7.7 19.5 14.6 78.6

47.0 19.5 14.9 77.9

48.0 19.5 15.0 78.0
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Table A.12 The data from experimental in 1%, 2"@ and 3" CO_ absorption by fresh and

reused MEA solution at height to diameter ratio of 6.5 and inlet biogas flow rates of

5 liter/min; Regeneration by 90°C Heating with 20 kHz ultrasonic wave

Time 1st 2nd 3rd

(min) pH %Cco2i | %Ccoz | %Ccha pH %Cco2i | %Ccoz | %Ccha pH %Cco2i | %Ccoz | %Ccha
0.0 11.0 19.5 19.5 78.0 10.2 19.5 19.5 78.0 10.1 19.5 19.5 78.0
1.0 19.5 0.8 92.2 19.5 0.9 92.1 19.5 1.1 91.9
2.0 10.5 19.5 0.8 92.2 9.9 19.5 0.9 92.1 9.7 15.0 1.1 91.9
3.0 19.5 0.8 92.2 19.5 0.8 92.2 15.0 1.1 91.9
4.0 10.2 19.5 0.8 92.2 9.6 19.5 0.8 92.2 9.2 15.0 1.1 91.9
5.0 19.5 0.8 92.2 19.5 0.8 92.2 15.0 1.1 91.9
6.0 9.9 19.5 0.8 92.2 9.2 19.5 0.7 92.3 8.8 15.0 1.2 91.8
7.0 19.5 0.7 92.3 19.5 0.7 92.3 15.0 1.6 91.4
8.0 9.8 19.5 0.7 92.3 8.9 19.5 0.9 92.1 8.6 15.0 1.9 91.1
9.0 19.5 0.7 92.3 19.5 0.9 92.1 15.0 2.3 90.7
10.0 9.6 19.5 0.7 92.3 8.8 19.5 0.9 92.1 8.5 15.0 3.0 90.0
11.0 19.5 0.7 92.3 19.5 0.9 92.1 15.0 4.3 88.7
12.0 9.4 19.5 0.7 92.3 8.6 19.5 i, 91.5 8.4 15.0 5.0 88.0
13.0 19.5 0.7 92.3 19.5 2.0 91.0 15.0 5.8 87.2
14.0 9.3 19.5 0.7 92.3 8.5 19.5 2.5 90.5 8.2 15.0 6.6 86.4
15.0 19.5 0.7 92.3 19.5 2.8 90.2 15.0 8.0 85.0
16.0 9.1 19.5 0.6 92.4 8.4 19.5 95, 89.5 8.0 15.0 9.1 83.9
17.0 19.5 0.6 92.4 19.5 3.8 89.2 15.0 9.9 83.1
18.0 9.0 19.5 0.6 92.4 8.3 19.5 4.9 88.1 7.7 15.0 11.0 82.0
19.0 19.5 0.6 924 19.5 6.0 87.0 15.0 12.5 80.5
20.0 8.9 19.5 0.6 92.4 8.1 19.5 6.8 86.2 7.6 15.0 13.4 79.6
21.0 19.5 0.6 92.4 19.5 7.6 85.4 15.0 14.3 78.7
22.0 8.9 19.5 0.6 92.4 8.0 19.5 9.0 84.0 7.6 15.0 14.9 78.1
23.0 19.5 0.7 92.3 19.5 10.4 82.6 15.0 15.0 78.0
24.0 8.9 19.5 0.7 92.3 7.8 19.5 115 81.5

25.0 19.5 0.8 92.2 19.5 12.6 80.4

26.0 8.8 19.5 0.8 92.2 7.6 19.5 13.8 79.2

27.0 19.5 0.9 92.1 19.5 14.7 78.3

28.0 8.7 19.5 0.9 92.1 7.6 19.5 15.0 78.0

29.0 19.5 0.9 92.1

30.0 8.6 19.5 0.9 92.1

31.0 19.5 15 91.5

32.0 8.5 19.5 2.0 91.0

33.0 19.5 2.5 90.5

34.0 8.4 19.5 2.8 90.2

35.0 19.5 3.5 89.5

36.0 8.3 19.5 4.8 88.2

37.0 19.5 5.6 87.4

38.0 8.1 19.5 7.4 85.6

39.0 19.5 8.3 84.7

40.0 8.0 19.5 9.5 83.5

41.0 19.5 10.4 82.6

42.0 7.9 19.5 11.3 81.7

43.0 19.5 12.1 80.9

44.0 7.7 19.5 13.4 79.6

45.0 19.5 13.6 79.4

46.0 7.6 19.5 14.2 78.8

47.0 19.5 14.9 78.1

48.0 19.5 14.8 78.2
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Table A.13 The data from experimental in 1%, 2"@ and 3" CO_ absorption by fresh and

reused MEA solution at height to diameter ratio of 6.5 and inlet biogas flow rates of

5 liter/min; Regeneration by 80°C Heating with 20 kHz ultrasonic wave

Time 1 2nd 3

(min) pH %Cco2i | %Ccoz | %Ccha pH %Cco2i | %Ccoz | %Ccha pH %Cco2i | %Ccoz | %Ccha
0.0 11.0 19.5 19.5 78.0 10.0 19.5 19.5 78.0 9.9 19.5 19.5 78.0
1.0 19.5 0.9 92.1 19.5 1.5 91.5 19.5 2.2 90.8
2.0 10.5 19.5 0.9 92.1 9.8 19.5 15 91.5 9.6 19.5 2.2 90.8
3.0 19.5 0.9 92.1 19.5 15 91.5 19.5 2.4 90.6
4.0 10.2 19.5 0.9 92.1 9.4 19.5 1.3 91.7 9.1 19.5 2.2 90.8
5.0 19.5 0.9 92.1 19.5 1.3 91.7 19.5 2.2 90.8
6.0 9.9 19.5 0.9 92.1 9.1 19.5 i3, 91.7 8.7 19.5 2.2 90.8
7.0 19.5 0.9 92.1 19.5 0.9 92.1 19.5 2.5 90.5
8.0 9.7 19.5 0.9 92.1 8.8 19.5 0.9 92.1 8.5 19.5 2.8 90.2
9.0 19.5 0.9 92.1 19.5 1.5 91.5 19.5 3.5 89.5
10.0 9.5 19.5 0.9 92.1 8.7 19.5 1.5 91.5 8.3 19.5 4.2 88.8
11.0 19.5 0.9 92.1 19.5 2.0 91.0 19.5 5.5 87.5
12.0 9.3 19.5 0.8 92.2 8.6 19.5 2.2 90.8 8.2 19.5 6.2 86.8
13.0 19.5 0.8 92.2 19.5 2.9 90.1 19.5 7.0 86.0
14.0 9.2 19.5 0.8 92.2 8.4 19.5 3.3 89.7 8.0 19.5 7.8 85.2
15.0 19.5 0.8 92.2 19.5 e/ 89.3 19.5 9.3 83.7
16.0 9.1 19.5 0.8 92.2 8.2 19.5 4.7 88.3 7.8 19.5 10.4 82.6
17.0 19.5 0.8 92.2 19.5 5.9 87.1 19.5 10.9 82.1
18.0 9.0 19.5 0.8 92.2 8.1 19.5 7.0 86.0 7.6 19.5 11.7 81.3
19.0 19.5 0.8 92.2 19.5 7.5 85.5 19.5 13.6 79.4
20.0 8.9 19.5 0.8 92.2 8.0 19.5 8.8 84.2 7.6 19.5 14.7 78.3
21.0 19.5 0.8 92.2 19.5 9.6 83.4 19.5 15.2 77.8
22.0 8.9 19.5 0.8 92.2 7.8 19.5 11.1 81.9

23.0 19.5 0.8 92.2 19.5 12.0 81.0

24.0 8.8 19.5 0.8 92.2 7.7 19.5 13.0 80.0

25.0 19.5 0.9 92.1 19.5 14.0 79.0

26.0 8.7 19.5 0.9 92.1 7.6 19.5 14.5 78.5

27.0 19.5 0.9 92.1 19.5 15.0 78.0

28.0 8.6 19.5 0.9 92.1 7.5 19.5 15.0 78.0

29.0 19.5 1.0 92.0

30.0 8.5 19.5 1,5 915

31.0 19.5 1.6 91.4

32.0 8.4 19.5 1.9 91.1

33.0 19.5 2.4 90.6

34.0 8.4 19.5 3.0 90.0

35.0 19.5 3.8 89.2

36.0 8.3 19.5 4.8 88.2

37.0 19.5 5.5 87.5

38.0 8.1 19.5 7.7 85.3

39.0 19.5 8.9 84.1

40.0 8.0 19.5 9.5 83.5

41.0 19.5 10.4 82.6

42.0 7.9 19.5 11.5 81.5

43.0 19.5 12.0 81.0

44.0 7.7 19.5 13.0 80.0

45.0 19.5 135 79.5

46.0 7.6 19.5 14.3 78.7
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APPENDIX B

The experimental data for 80 % Biomethane Adsorption on Activated Carbons

Gas Composition

Gas % Concentration mol fraction
CHa4 79.5 0.59
CO; 20.5 0.41
02 0.0 0.00
Total 100.0 1.00

Activated carbon weight

Item Coal Coconut Shell
A/C Weight before degassing 897 1,286 g
A/C Weight degassing 891 1,282 g

Table B.1 The data from experimental in 80% biomethane adsorption on coal and
coconut shell activated carbon at temperature of 10-25°C, Pressure of 0-8 bar.

Coal Coconut shell
Tem Pressure Tem Pressure
(Oc)p (MPa) mmol/garc) g/gac) (Oc)p (MPa) mmol/g(arc) g/g(ac)
10.00 0.0000 0.0000 0.0000 10.00 0.0000 0.0000 0.0000
9.50 0.2063 0.4115 0.0089 9.38 0.2263 0.2787 0.0060
9.75 0.4013 0.7253 0.0157 9.18 0.4041 0.4671 0.0101

10.34 0.6013 1.0370 0.0224 10.55 0.6113 0.6812 0.0147

10.00 0.7890 1.3024 0.0282 10.00 0.8304 0.8542 0.0185

15.00 0.0000 0.0000 0.0000 15.00 0.0000 0.0000 0.0000

14.14 0.2218 0.4053 0.0088 15.00 0.2362 0.2768 0.0060

14.14 0.4163 0.7208 0.0156 15.00 0.4203 0.4639 0.0100

14.14 0.6413 1.0207 0.0221 15.04 0.6363 0.6758 0.0146

15.00 0.8641 1.2711 0.0275 15.00 0.8721 0.8446 0.0183

20.00 0.0000 0.0000 0.0000 20.00 0.0000 0.0000 0.0000

20.00 0.2332 0.4018 0.0087 20.00 0.2493 0.2744 0.0059

20.00 0.4432 0.7116 0.0154 20.00 0.4415 0.4591 0.0099

19.98 0.6813 1.0071 0.0218 20.41 0.6813 0.6643 0.0144

20.40 0.8913 1.2656 0.0274 20.10 0.9113 0.8363 0.0181

25.00 0.0000 0.0000 0.0000 25.00 0.0000 0.0000 0.0000

25.14 0.2463 0.3974 0.0086 25.09 0.2638 0.2702 0.0058

24.55 0.4753 0.6991 0.0151 25.00 0.4713 0.4514 0.0098

24.36 0.7263 0.9899 0.0214 24.11 0.7263 0.6518 0.0141

25.00 0.9163 1.2602 0.0273 25.00 0.9513 0.8278 0.0179
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The experimental data for 90 % Biomethane Adsorption on Activated Carbons

Gas Composition

Gas % Concentration mol fraction
CH4 90.0 0.77
CO; 10.0 0.23
0} 0.0 0.00

Total 100.0 1.00

Activated carbon weight
Item Coal Coconut Shell

A/C Weight before degassing 947 1,400 g
A/C Weight degassing 941 1,396 g

Table B.2 The data from experimental in 90% biomethane adsorption on coal and

coconut shell activated carbon at temperature of 10-25°C, Pressure of 0-8 bar.

Coal Coconut shell

Temp Pressure mmol/geavc) glgeac) Temp Pressure mmol/geaicy lgwo
Q) (MPa) (°C) (MPa)

10.00 0 0 0.0000 10.00 0 0 0
9.75 0.21 0.29 0.0055 10.20 0.21 0.16 0.0030
9.75 0.41 0.53 0.0100 10.80 0.43 0.31 0.0059
10.40 0.60 0.72 0.0136 10.55 0.59 0.41 0.0078
10.20 0.79 0.91 0.0171 9.77 0.79 0.50 0.0094
15.00 0.00 0.00 0.0000 15.00 0.00 0.00 0.0000
15.00 0.22 0.29 0.0054 15.80 0.22 0.16 0.0030
14.80 0.42 0.53 0.0100 15.40 0.45 0.31 0.0058
15.60 0.61 0.72 0.0136 15.40 0.63 0.40 0.0076
15.00 0.85 0.89 0.0168 15.00 0.81 0.50 0.0093
20.00 0.00 0.00 0.0000 20.00 0.00 0.00 0.0000
20.70 0.23 0.29 0.0054 20.10 0.23 0.16 0.0029
19.50 0.45 0.52 0.0098 20.10 0.47 0.31 0.0058
20.70 0.65 0.71 0.0134 20.60 0.66 0.40 0.0075
20.44 0.88 0.88 0.0166 20.00 0.84 0.49 0.0092
25.00 0.00 0.00 0.0000 25.00 0.00 0.00 0.0000
25.20 0.24 0.28 0.0053 25.10 0.24 0.15 0.0029
25.10 0.48 0.51 0.0096 25.80 0.49 0.30 0.0057
24.80 0.68 0.70 0.0132 25.50 0.68 0.39 0.0074
25.00 0.92 0.87 0.0163 25.00 0.89 0.48 0.0091
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Table B.3 The data from experimental in 80% biomethane desorption

on coal activated carbon at temperature of 25-55°C

Adsorber Desorbed Gas | Gas in Space Remain gas % gas % gas
Temperature Remain on .
°C) (9) (9) on AC (9) AC desorption
1t desorption
Total gas in Adsorber =30 g
Gas on AC =24.3329 g
25.0 20.5339 0.9661 8.5000 34.99 65.01
35.4 21.2258 0.9645 7.8097 32.15 67.85
44.9 21.6483 0.9596 7.3921 30.43 69.57
55.0 22.3748 0.9545 6.6707 27.46 72.54
2" desorption
Total gas in Adsorber =29 g
Gas on AC =22.3962 ¢
25.5 20.0223 0.9697 8.0080 35.76 64.24
36.5 20.9400 0.9680 7.0920 31.67 68.33
46.0 21.4207 0.9593 6.6200 29.56 70.44
54.3 21.7771 0.9548 6.2681 27.99 72.01
3 desorption
Total gas in Adsorber =27 g
Gas on AC =21.4013 g
25.5 18.4804 0.9622 7.5574 35.31 64.69
35.0 19.5056 0.9622 6.5322 30.52 69.48
44.0 20.3806 0.9551 5.6643 26.47 73.53
54.8 21.3273 0.9520 4.7207 22.06 77.94
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Table B.4 The data from experimental in 80% biomethane desorption

on coconut shell activated carbon at temperature of 25-55°C

Adsorber Desorbed Gas | Gas in Space Remain gas % gas % gas
Temperature @ @ on AC (q) Remain on desorption

(°C) AC

1t desorption

Total gas in Adsorber =30 g

Gas on AC =22.3962 g
25.0 17.9142 0.8426 11.2432 37.48 62.52
35.4 18.5177 0.8412 10.6412 35.47 64.53
44.9 18.8861 0.8369 10.2770 34.26 65.74
55.0 19.5197 0.8325 9.6478 32.16 67.84

2" desorption

Total gas in Adsorber =30 g

Gas on AC =22.3962 g
25.5 17.7096 0.8392 11.4513 38.17 64.24
36.5 18.6808 0.8392 10.4800 34.93 68.33
46.0 19.4011 0.8330 9.7659 32.55 70.44
54.3 19.7943 0.8303 9.3754 31.25 72.01

3 desorption

Total gas in Adsorber =30 g

Gas on AC =22.3961 g
25.5 17.4540 0.8341 11.7119 39.04 60.96
35.0 18.3918 0.8281 10.7801 35.93 64.07
44.0 19.4496 0.8333 9.7171 32.39 67.61
54.8 21.4591 0.8311 7.7098 25.70 74.30
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APPENDIX C

Testing Reports on Surface and Porous Analyses of

Coal and Coconut Shell Activated Carbons

Tel. +66-053-8943401, 943405

Fox. +66-053-882262
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Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows™ Version 1.11

Sample ID 1.Coal

Description black pellet - 02-01-57

Comments

Sample Weight 0.0296 g

Adsorbate Nitrogen Outgas Temp 120.0 °C Operator Nongkhran

Cross-Sec Area 16.2 A2/molecule Outgas Time 7.0 hrs Analysis Time 467.1 min

NonIdeality 6.580E-05 P/Po Toler 3 End of Run 01/01/102 00:15

Molecular Wt 28.0134 g/mol Equil Time 2 File Name COALO114.RAW
Station # 1

Adsorption &}
Desorption [
Isotherm
6'22 Ty - ; T T o r T

[cc/al
(1e+02)

Volume

e

0.00 0.10 0.20 a.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

Relative Pressure, P/Po
(1e+00)
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Quantachrome Corporation
Quantachrcme Autosorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.11

Sample ID 1.Coal
Description black pellet - 02-01-57
Comments
Sample Weight 0.0296 g
Adsorbate Nitrogen Outgas Temp 120 °C Cperator Nongkhran
Cross-Sec Area 16.2 A?/molec Outgas Time 7.0 hrs Rnalysis Time 467.1 min
NonIdeality 6.580E-05 P/Po Toler 3 End cf Run 01/01/102 00:15
Molecular Wt 28.0134 g/mol Equil Time 2 File Name COAL0114.RAW
Station # 1
MULTIPOINT BET
P/Po Volume 1/ (W((Po/B)-1))
[cc/g] sTP

1.0115e-02 2842094 2.877E-02

2.4219%e-02 308.6317 6.434E-02

3.5545e-02 320.4561 9.202E-02

5.0145e-02 331.6892 1.273E-01

5.8987e-02 337.0912 1.488E-01

BRrea = 1.418E+03 m2/g
Slope = 2.451E+00
Y - Intercept = 4.4%7E-03

Correlation Coefficient = 0.999959

C 5.461E+02
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Sample ID
Descripticon
Comments
Sample Weight
Adsorbate
Cross-Sec Area
NonIdeality
Molecular Wt

Quantachrome Corporation

Quantachrome Autosorb Automated Gas Sorption System Report

Autosorb for Windows™ Version 1.11

1.Coal
black pellet - 02-01-57

0.0296 g

Nitrogen Cutgas Temp 120.0 °C Operator Nongkhran
16.2 Az/molecule Cutgas Time 7.0 hrs Analysis Time 467.1 min
6.580E-05 P/Po Toler 3 End of Run 01/01/102 00:
28.0134 g/mol Equil Time 2 File Name COALO114.RAW

Station # 1

BET Plot

1/[W((Po/P}-1)]
(le-01)

0.35 0.70 1.05 1.40 1.75 2.10

Relative Pressure, P/Po
(le-01)
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Area 1418.138
(m#/q)
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Quantachrome Corporation
Quantachrome Autosorb Autcmated Gas Sorption System Report
Butosorb for Windows® Version 1.11

Sample ID 1.Coal

Description black pellet - 02-01-57

Comments

Sample Weight 0.02%6 g

Adsorbate Nitrogen Outgas Temp 120 °c Operator Nongkhran
Cross-Sec Area 16.2 A2/molec Outgas Time 7.0 hrs Analysis Time 467.1 min
NonIdeality 6.580E-05 P/Po Toler 3 End of Run 01/01/102 00:15
Molecular Wt 28.0134 g/mol Equil Time 2 File Name COARL0114.RAW
Station # 1

TOTAL PORE VOLUME
Total pore volume = 9.164E-01 cc/g for
pores smaller than 1663.1 A (Radius),

at P/Po = 0.99421

Quantachrome Corporation
Quantachrome Autoscrb Autocmated Gas Sorption System Report
Autosorb for Windows® version 1.11 '

Sample ID 1.Coal

Description black pellet - 02-01-57

Comments

Sample Weight 0.02%6 g

Adsorbate Nitrogen Outgas Temp 120 °c Operator Nongkhran
Cross-Sec Area 16.2 A2/molec Outgas Time 7.0 hrs Rnalysis Time 467.1 min
NonIdeality 6.580E-05 P/Po Toler 3 End of Run 01/01/102 00:15
Molecular Wt 28.0134 g/mol Equil Time 2 File Name COARL0O114.RAW
Station # 1

AVERAGE PCORE SIZE

Average Pore Radius = 1.292E+01 A
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Quantachrome Corporatien
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows™ Versicn 1.11

Sample ID 1.Coal

Description black pellet - 02-01-57

Comments

Sample Weight 0.0296 g

Adsorbate Nitrogen Qutgas Temp 120.0 °C Operator Nongkhran

Cross-Sec Area 16.2 A?*/molecule Outgas Time 7.0 hrs Analysis Time 467.1 min

Nonldeality 6.580E-05 P/Po Toler 3 End of Run 01/01/102 Q0:15

Molecular Wt 28.0134 g/mol Equil Time 2 File Name CORLO0114.RAW
Station # 1

BJH Adsorption Ds(log r)

[m?/g]

(le+02)
(3]

Adsorption Ds(log r)

0. G :j : [ ;

10 100

Radius [A]
(le+00)
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Quantachrome Cerpeoration
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows™ Version 1.11

Sample ID 1.Coal

Description black pellet - 02-01-57

Comments

Sample Weight 0.02%6 g

Adscorbate Nitrogen Outgas Temp 120.0 °cC Cperator Nongkhran
Cross-Sec Area 16.2 A2/molecule Qutgas Time 7.0 hrs Analysis Time 467.1 min
NonIdeality 6.580E-05 P/Po Toler 3 End of Run 01/01/102 00:15
Molecular Wt 28.0134 g/mol Equil Time 2 File Name COALO114.RAW

Station # 1

BJH Desorption Ds(log r)
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Sample ID
Description
Comments
Sample Weight
Adsorbate
Cross-Sec Area
NonIdeality
Molecular Wt

Adsorpticn
Desorpticn

Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows™ Version 1.11

2.Coconut
black pellet - 03-01-57

0.0454 g
Nitrogen Cutgas Temp 120.0 °C COperator

16.2 A?/molecule Outgas Time 7.0 hrs Analysis Time
6.580E-05 P/Po Toler 3 End of Run

File Name
Station #

28.0134 g/mol Equil Time 2

Isotherm

Nongkhran

447.8 min
01/01/102 07:53
COCO0157.RAW

1

3.97

Volume [cc/g)
(le+02)
-

Relative Pressure, P/Po

(le+00)
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0.80 1.00



Quantachrome ARutoscrb Automated Gas Sorption System Report
Autosorb for Windows®

Quantachrome Corporation

Sample ID 2.Coconut
Description black pellet - 03-01-57
Comments
Sample Weight 0.0454 g
Adsorbate Nitrogen Qutgas Temp
Cross-Sec Area 16.2 A2/molec Outgas Time
MNonIdeality 6.580E-05 P/Po Toler
Molecular Wt 28.0134 g/mol Equil Time
Station # 1
MULTIPOINT
P/Po Volume
[cc/g)] ST
1.0106e-02 280.4207
3.0338e-02 303.2269
4.5523e-02 311.5507
5.9276e-02 316.6366
8.1940e-02 322.3304
Area =
Slope =
Y - Intercept =

Correlation Coefficient =

C

114

20 °cC
0

BET

P

Version 1.11

Cperator

1/(W{(Po/P)-1))

NP =@M

hrs ZAnalysis Time
End of Run
File Name

.913E-02
.256E-02
.225E-01
.592E-01
.216E-01

1.301E+03 m?/g

2.675E+00

1.443E-03

0.3599944

1.854E+03

Nongkhran

447.8 min
01/01/102 07:53
COCO0157.RAW



Sample ID
Description
Comments
Sample Weight
Adsorbate
Cross-Sec Area
MonIdeality
Molecular Wt

1/ (W((Po/P)-1)]
(le-01)

Quantachrome Autosorb Automated Gas Sorption System Report

Quantachrome Corporation

Autosorb for Windows™ Version 1,11

2,Coconut

black pellet - 03-01-57

0.0454 g
Nitrogen

16.2 A?/molecule
6.580E-05
28.0134 g/mol

Outgas Temp 120.0 °C Operator
Cutgas Time 7.0 hrs

P/Po Toler 3
Equil Time 2
BET Plot

Analysis Time
End of Run
File Name
Station #

Nongkhran

447 .8 min
01/01/102 07:53
COCO0157.RAW

1

Relative

115

Pressure,
(le-01)

P/Po

Area 1301.14
(m*/g)



Quantachrome Corporation
Quantachrome Autosorb Automated Gas Scrption System Report
Autosorb for Windows® Version 1.11

Sample ID 2.Coconut

Description black pellet - 03-01-57

Comments

Sample Weight 0.0454 g

Adsorbate Nitrogen Outgas Temp 120 °cC Cperator Nongkhran
Cross-Sec Area 16.2 Az/molec Outgas Time 7.0 hrs Analysis Time 447.8 min
NonIdeality 6.580E-05 P/Po Toler 3 End of Run 01/01/102 07:53
Molecular Wt 28.0134 g/mol Equil Time 2 File Name COCCO0157.RAW
Statieon # 1

TOTAL PORE VOLUME
Total pore wvolume = 5.845E-01 cc/g for
pores smaller than 15919.2 A (Radius),

at P/Po = 0.999%40

Quantachrome Corporation
Quantachrome Rutcosorb Automated Gas Scrption System Report
Autoscrb for Windows® Version 1.11

Sample ID 2.Coconut

Description black pellet - 03-01-57

Comments

Sample Weight 0.0454 g

Adsorbate Nitrogen Outgas Temp 120 °c Operator Nongkhran
Cross—Sec Area 16.2 A2/molec Outgas Time 7.0 hrs Analysis Time 447.8 min
NonIdeality 6.580E-03 P/Poc Toler 3 End of Run 01/01/102 07:53
Molecular Wt 28.0134 g/mol Equil Time 2 File Name COCC0157.RAW
Station # 1

AVERAGE PORE SIZE

Bverage Pore Radius = B8.984E+00 A
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Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows™ Version 1.11

Sample ID 2.Coconut

Description black pellet - 03-01-57

Comments

Sample Weight 0.0454 g

Adsorbate Nitrogen Outgas Temp 120.0 °C Operator Nongkhran

Cross-Sec Area 16.2 A%/molecule Outgas Time 7.0 hrs Analysis Time 447.8 min

NonIdeality 6.580E-05 P/Po Toler 3 End of Run 01/01/102 07:53

Molecular Wt 28.0134 g/mol Equil Time 2 File Name COCo00157.RAW
Station # 1

BJH Adsorption Ds(log 1)

[m?/g]

{le+02)

Adsorption Ds(log r)

5000

100 1000
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Sample ID
Description
Comments
Sample Weight
Adsorbate
Cross-Sec Area
NonIdeality
Molecular Wt

Quantachreme Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows™ Version 1.11

2.Coconut
black pellet - 03-01-57

0.0454 g

Nitrogen Qutgas Temp 120.0 °C Operator Nongkhran

16.2 A2/molecule Outgas Time 7.0 hrs Analysis Time 447 .8 min

6.580E-05 P/Po Toler 3 End of Run 01/01/102 07:53

28.0134 g/mol Equil Time 2 File Name COCO0157.RAW
Station # 1

BJH Desorption Ds(log r)
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