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Nittaya Sukaram 2011: The Influence of Dewatering Wastewater Treatment Sludge
from Pulp and Paper Mill Industry on Biogas Produced from Anaerobic Composting
Process. Master of Engineering (Environmental Engineering), Major Field:
Environmental Engineering, Department of Environmental Engineering.

Thesis Advisor: Mr. Suchat Leungprasert, Ph.D. 120 pages.

The dewatering sludge produced from the wastewater treatment system of pulp and
paper industry was approximately 10 tons per day. This sludge is usually discarded in spite of its
components contain high amount of organic substance that can be decomposed and reused.
However, to reuse the sludge as the energy, the appropriate procedures are required. This study
aimed to determine the effects of sludge before and after dewatering on the biogas production as
well as to determine the suitable operational parameters of the system. In this research, the
characteristics of both types of sludge were analyzed. The sludge was then mixed with the
sawdust to obtain the desirable condition for the system. The C:N ratio was 30:1 whereas the
humidity was controlled at 50-60%. The sludge was left under the anaerobic condition for 90

days.

The results showed that the sludge before dewatering produced biogas more than
sludge after dewatering. The biogas produced was 4.46 L/kg TVS-d with the concentration of
methane approximately 46.39%. The sludge after dewatering produced biogas about 0.02 L/kg
TVS-d with the concentration of methane to be 40.69%. The evaluation of leachate from the
anaerobic process indicated that the volatile fatty acid of sludge before dewatering was 2,604
mg/l and pH of 6.86 while the volatile fatty acid of sludge after dewatering was 2,028.54 mg/l
and pH of 6.84. In conclusion, the sludge after dewatering affects the biogas production. This
result may occur due to chemical added to the sludge in the process of dewatering. However,

there is no evident related to support it.

Student’s signature Thesis Advisor’s signature
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Metinadyanuaiazmee

CH, = Methane

mg/L = milligram per liter

TS = Total Solid

TKN = Total Kjeldahl Nitrogen

TVS = Total Volatile Solid

VFA = Volatile Fatty Acid (mg/l as CH,COOH)

[} 1 4 [
C/N ratio = dadrumsusuae lulasau
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Pulp and Paper Residues (%)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

O Use in other industries
B Use on land (land spreading or composting)
O Energy recovery

B Landfills
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oo aanuiunsaaig Ui (°C)
Ui
R1 R2 R1 R2
1 7.02 7.03 30 30
4 7.02 7.04 30 30
7 7.01 7.03 31 30
10 7.00 7.04 31 31
13 6.99 7.03 32 31
16 7.00 7.02 32 32
19 6.99 7.01 32 32
21 7.00 7.02 32 32
24 6.98 7.00 32 32
27 6.97 7.00 32 32
30 6.98 6.99 31 32
33 6.96 6.98 31 31
36 6.94 6.96 32 32
39 6.92 6.95 30 32
42 6.91 6.93 31 30
45 6.90 6.90 31 30
48 6.92 6.94 31 31
51 6.89 6.93 30 30
54 6.87 6.90 30 30
57 6.85 6.88 30 30
60 6.80 6.81 30 30
63 6.87 6.74 31 31
66 6.85 6.72 30 30
69 6.81 6.67 30 30
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1 I~ 1

oo AANUIUNTAAI
un

R1 R2 R1 R2
72 6.78 6.63 30 30
75 6.77 6.85 30 30
78 6.75 6.81 30 30
81 6.77 6.63 30 30
&4 6.76 6.85 30 30
87 6.72 6.60 30 30
90 6.75 6.50 30 30

[ v v d 09; [ % [ Y4 { [ 09;
HaN@IMe R1 = 0anunaaadnouiai, R2 = oaniindaadnkiunszaii
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o VFA (mg/l as CH,COOH)
UN
R1 R2
1 450 315
4 500 475
7 650 600
10 800 750
13 1,000 900
16 1,200 1,125
19 1,750 1,325
21 1,875 1,500
24 2,075 1,575
27 1,925 1,625
30 2,025 1,675
33 2,175 1,735
36 2,240 1,865
39 2,375 1,905
42 2,400 1,905
45 2,400 1,920
48 2,595 1,970
51 2,735 1,915
54 2,730 1,950
57 2,570 1,975
60 2,715 2,025
63 2,795 2,075
66 2,865 1,925
69 2,805 2,025
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o VFA (mg/l as CH,COOH)
UN
R1 R2

72 2,985 2,175
75 2,850 2,240
78 2,945 2,375
81 3,263 2,400
84 3,375 2,440
87 2,985 2,640
90 2,805 2,850

[ v v d 09; [ %2 [ Y4 { [ 09;
Haneme R1 = 0anunaaadnoauia, R2 = 0aniindaadnkiunszaii
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o $wausen  USmasme o $wausen  USmasme

ui ui

NITHYU (ml/d) NITHYU (ml/d)
1 - 0.00 26 75 750.00
2 - 0.00 27 88 880.00
3 - 0.00 28 117 1,170.00
4 S 0.00 29 111 1,110.00
5 = 0.00 30 99 990.00
6 = 0.00 31 116 1,160.00
7 - 0.00 32 96 960.00
8 - 0.00 33 110 1,100.00
9 - 0.00 34 101 1,010.00
10 ¥ 0.00 35 76 760.00
11 c 0.00 36 80 800.00
12 - 0.00 37 64 640.00
13 = 0.00 38 67 670.00
14 - 0.00 39 75 750.00
15 = 0.00 40 84 840.00
16 - 0.00 41 75 750.00
17 - 0.00 42 62 620.00
18 - 0.00 43 59 590.00
19 - 0.00 44 64 640.00
20 - 0.00 45 60 600.00
21 1 10.00 46 72 720.00
22 2 20.00 47 59 590.00
23 15 150.00 48 48 480.00
24 28 280.00 49 44 440.00
25 71 710.00 50 59 590.00
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o fwausey  Usmasme o fwausey  Usmasme

ui ui

NITHYU (ml/d) NITHYU (ml/d)
51 62 620.00 71 31 310.00
52 64 640.00 72 41 410.00
53 60 600.00 73 32 320.00
54 41 410.00 74 41 410.00
55 31 310.00 75 31 310.00
56 59 590.00 76 40 400.00
57 60 600.00 77 43 430.00
58 59 590.00 78 60 600.00
59 62 620.00 79 41 410.00
60 48 480.00 80 34 340.00
61 41 410.00 81 59 590.00
62 40 400.00 82 48 480.00
63 44 440.00 83 43 430.00
64 37 370.00 84 40 400.00
65 40 400.00 85 60 600.00
66 59 590.00 86 41 410.00
67 43 430.00 87 31 310.00
68 48 480.00 88 59 590.00
69 41 410.00 89 48 480.00
70 35 350.00 90 37 370.00

HNUHA 1 39UNTHYU = 10 ml.
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o fwausey  Usmasme o fwausey  Usmasme
ui ui
NITHYU (ml/d) NITHYU (ml/d)
1 - 0.00 26 - 0.00
2 - 0.00 27 1 10.00
3 - 0.00 28 2 20.00
4 S 0.00 29 1 10.00
5 = 0.00 30 1 10.00
6 = 0.00 31 - 0.00
7 - 0.00 32 = 0.00
8 - 0.00 33 3 0.00
9 - 0.00 34 1 10.00
10 5 0.00 35 1 10.00
11 c 0.00 36 2 20.00
12 - 0.00 37 3 30.00
13 = 0.00 38 1 10.00
14 - 0.00 39 3 0.00
15 = 0.00 40 1 10.00
16 - 0.00 41 - 0.00
17 - 0.00 42 - 0.00
18 - 0.00 43 - 0.00
19 - 0.00 44 = 0.00
20 - 0.00 45 - 0.00
21 - 0.00 46 1 10.00
22 - 0.00 47 - 0.00
23 - 0.00 48 - 0.00
24 - 0.00 49 - 0.00

25 1 10.00 50 - 0.00
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MS1UINN N4 (910)

o fwausey  Usmasme o fwausey  Usmasme
ui ui

NITHYU (ml/d) NITHYU (ml/d)
51 - 0.00 71 - 0.00
52 - 0.00 72 - 0.00
53 - 0.00 73 1 10.00
54 . 0.00 74 - 0.00
55 Z 0.00 75 2 0.00
56 = 0.00 76 - 0.00
57 - 0.00 77 = 0.00
58 - 0.00 78 1 10.00
59 - 0.00 79 - 0.00
60 3 0.00 80 3 0.00
61 = 0.00 81 = 0.00
62 : 0.00 82 - 0.00
63 1 10.00 83 5 0.00
64 - 0.00 84 1 10.00
65 N 0.00 85 y 0.00
66 - 0.00 86 - 0.00
67 - 0.00 87 - 0.00
68 - 0.00 88 - 0.00
69 - 0.00 89 = 0.00
70 - 0.00 90 - 0.00

HNUHA 1 39UNTHYU = 10 ml.
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] 9
MIWUINA 5 JoyansuaT Iz MsTINMIINNTZUIUNSHTNAdaTnousath

Ui FHAUDINY Factor Area dFadrume Sovay)
1 CH, 1.2550 ND -
CO, 0.8650 4,627.9526 33.95
, 0.4780 2,988.3516 12.11
N, 0.4780 13,304.8596 53.94
2 CH, 1.2550 ND -
CO, 0.8650 4,556.9360 33.92
0, 0.4780 2,906.2656 11.96
4 0.4780 13,156.7817 54.12
3 CH, 1.2550 ND )
CO, 0.8650 4,860.9648 34.97
) 0.4780 2,966.1714 11.79
N, 0.4780 13,392.6195 53.24
4 CH, 1.2550 ND -
CO, 0.8650 8,188.6231 44 .38
0, 0.4780 2,823.0195 8.46
5 0.4780 15,745.7422 47.16
5 CH, 1.2550 ND -
CO, 0.8650 2,491.7407 26.71
0, 0.4780 1,152.3622 6.83
N, 0.4780 11,218.6697 66.46
6 CH, 1.2550 ND .
CO, 0.8650 3,410.2129 34.21
0, 0.4780 1,154.5687 6.40
0.4780 10,714.2795 59.39



MI1INUINA N5 (AD)

77

Ui FHAUDINY Factor Area dFadrume Sovay)
7 CH, 1.2550 ND -
CO, 0.8650 6,976.9810 55.34
0, 0.4780 1,052.7885 4.61
N, 0.4780 9,138.1138 40.05
8 CH, 1.2550 ND .
CO, 0.8650 8,327.8340 60.28
0, 0.4780 1,055.7343 4.22
N, 0.4780 8,876.2792 35.50
9 CH, 1.2550 ND .
CO, 0.8650 5,685.1120 41.58
0, 0.4780 687.5724 2.78
N, 0.4780 13,764.3778 55.64
10 CH, 1.2550 ND .
CO, 0.8650 6,565.4383 45.11
Y 0.4780 465.4088 1.77
5 0.4780 13,993.5455 53.13
11 CH, 1.2550 ND -
CO, 0.8650 6,955.1193 48.38
0, 0.4780 159.6730 0.61
) 0.4780 13,271.5553 51.01
12 CH, 1.2550 400.3157 4.09
CO, 0.8650 6,006.8202 42.26
5 0.4780 165.6825 0.64
N 0.4780 13,637.3961 53.01



MI1INUINA N5 (AD)

78

Ui FHAUDINY Factor Area dFadrume Sovay)
13 CH, 1.2550 908.3956 9.07
CO, 0.8650 7,544.8937 51.92
N, 0.4780 10,258.0779 39.01
14 CH, 1.2550 1,577.8795 15.72
CO, 0.8650 6,501.9864 44.64
N, 0.4780 10,451.0737 39.65
15 CH, 1.2550 1,981.6158 19.62
CO, 0.8650 6,207.5689 42.37
N, 0.4780 10,078.6604 38.01
16 CH, 1.2550 2,485.4050 24.16
CO, 0.8650 6,069.8041 40.66
N, 0.4780 9,504.5879 35.18
17 CH, 1.2550 2,769.7860 26.73
CO, 0.8650 6,125.8686 40.75
N, 0.4780 8,844.5167 32.51
18 CH, 1.2550 2,968.8833 28.03
CO, 0.8650 7,424.8052 48.32
N, 0.4780 6,577.3550 23.65
19 CH, 1.2550 3,951.7255 37.88
CO, 0.8650 7,380.8472 48.77
N, 0.4780 3,655.0439 13.35
20 CH, 1.2550 4,522.0011 40.38
CO, 0.8650 7,881.4618 48.50
N 0.4780 3,269.5618 11.12

2



a '
MINNUINN NS (719)

79

Ui FHAUDINY Factor Area dFadrume Sovay)
21 CH, 1.2550 2,691.7567 42.12
CO, 0.8650 5,248.8990 56.61
N, 0.4780 213.0919 1.27
22 CH, 1.2550 2,652.7086 41.26
CO, 0.8650 5,364.5255 57.51
N, 0.4780 207.6258 1.23
23 CH, 1.2550 2,963.4756 43.13
CO, 0.8650 5,555.6970 55.73
N, 0.4780 205.6566 1.14
24 CH, 1.2550 3,345.4861 4495
CO, 0.8650 5,817.0678 53.87
N, 0.4780 230.5830 1.18
25 CH, 1.2550 3,445.2879 41.70
CO, 0.8650 6,853.0718 57.17
N, 0.4780 245.1228 1.13
26 CH, 1.2550 3,853.2837 44.34
CO, 0.8650 6,866.5811 54.46
N, 0.4780 273.7993 1.20
27 CH, 1.2550 4,488.0824 47.13
CO, 0.8650 7,127.8168 51.59
N, 0.4780 320.0289 1.28
28 CH, 1.2550 3,806.4954 46.19
CO, 0.8650 6,290.3277 52.61
N 0.4780 259.6417 1.20

2



a '
MINNUINN NS (719)

80

Ui FHAUDINY Factor Area dFadrume Sovay)
29 CH, 1.2550 3,541.4523 42.58
CO, 0.8650 6,798.6112 56.34
N, 0.4780 235.8388 1.08
30 CH, 1.2550 3,970.3032 46.52
CO, 0.8650 6,481.0490 52.34
N, 0.4780 255.4493 1.14
31 CH, 1.2550 4,330.3752 46.77
CO, 0.8650 6,990.7385 52.04
N, 0.4780 289.2817 1.19
32 CH, 1.2550 4,420.8726 46.71
CO, 0.8650 7,159.7322 52.14
N, 0.4780 285.7668 1.15
33 CH, 1.2550 4,447.1488 46.64
CO, 0.8650 7,224.1642 52.22
N, 0.4780 285.3933 1.14
34 CH, 1.2550 4,470.3719 47.58
CO, 0.8650 6,987.5581 51.26
N, 0.4780 286.1495 1.16
35 CH, 1.2550 4,646.1419 47.80
CO, 0.8650 7,200.6716 51.06
N, 0.4780 290.9278 1.14
36 CH, 1.2550 4,669.2289 49.19
CO, 0.8650 6.,837.7815 49.65
N 0.4780 289.0961 1.16

2



MIINUINA N5 (71D)

81

Ui FHAUDINY Factor Area dFadrume Sovay)
37 CH, 1.2550 4,574.0005 47.74
CO, 0.8650 7,108.8955 51.14
N, 0.4780 281.7394 1.12
38 CH, 1.2550 4,597.5807 48.24
CO, 0.8650 6,999.5774 50.62
N, 0.4780 285.2612 1.14
39 CH, 1.2550 4,636.0333 49.20
CO, 0.8650 6,783.6873 49.62
N, 0.4780 291.9304 1.18
40 CH, 1.2550 5,083.7560 51.36
CO, 0.8650 6,820.0800 47.49
N, 0.4780 298.8638 1.15
41 CH, 1.2550 4,669.2289 49.19
CO, 0.8650 6,837.7815 49.65
N, 0.4780 289.0961 1.16
42 CH, 1.2550 6,265.8079 49.06
CO, 0.8650 9,224.2708 49.78
N, 0.4780 388.9765 1.16
43 CH, 1.2550 4,787.4224 46.90
CO, 0.8650 7,716.0360 52.10
N, 0.4780 268.0061 1.00
44 CH, 1.2550 4,315.7439 44.07
CO, 0.8650 7,806.0062 54.94
N 0.4780 254.5445 0.99

2



MIINUINA N5 (71D)

82

Ui FHAUDINY Factor Area dFadrume Sovay)
45 CH, 1.2550 5,888.9446 46.31
CO, 0.8650 9,728.5491 52.73
N, 0.4780 320.5160 0.96
46 CH, 1.2550 4,464.5031 45.17
CO, 0.8650 7,719.2488 53.83
N, 0.4780 259.5009 1.00
47 CH, 1.2550 4,750.2798 44.86
CO, 0.8650 8,317.7487 54.14
N, 0.4780 278.0198 1.00
48 CH, 1.2550 4,591.3754 46.28
CO, 0.8650 7,589.8788 52.73
N, 0.4780 257.8698 0.99
49 CH, 1.2550 4,563.2221 45.83
CO, 0.8650 7,685.3031 53.20
N, 0.4780 253.5767 0.97
50 CH, 1.2550 4,552.6389 45.38
CO, 0.8650 7,810.4669 53.66
N, 0.4780 252.8633 0.96
51 CH, 1.2550 5,888.9446 46.31
CO, 0.8650 9,728.5491 52.73
N, 0.4780 320.5160 0.96
52 CH, 1.2550 4,563.2818 46.05
CO, 0.8650 7,617.0573 52.98
N 0.4780 252.3685 0.97

2



MIINUINA N5 (71D)

83

Ui FHAUDINY Factor Area dFadrume Sovay)
53 CH, 1.2550 4,222.3505 42.72
CO, 0.8650 8,082.0521 56.36
N, 0.4780 238.7408 0.92
54 CH, 1.2550 4,415.8608 4435
CO, 0.8650 7,904.8832 54.72
N, 0.4780 243.1199 0.93
55 CH, 1.2550 4,453.3195 44.39
CO, 0.8650 7,957.4772 54.67
N, 0.4780 247.5953 0.94
56 CH, 1.2550 4,453.3195 44.39
CO, 0.8650 7,957.4772 54.67
N, 0.4780 247.5953 0.94
57 CH, 1.2550 5,263.2998 41.39
CO, 0.8650 10,665.7960 57.81
N, 0.4780 267.0967 0.80
58 CH, 1.2550 4,319.5104 43.59
CO, 0.8650 7,982.2390 55.52
N, 0.4780 231.5546 0.89
59 CH, 1.2550 4,221.3622 42.71
CO, 0.8650 8,082.0521 56.36
N, 0.4780 241.3358 0.93
60 CH, 1.2550 4,322.7855 43.16
CO, 0.8650 8,139.0823 56.01
N 0.4780 218.2610 0.83

2



MIINUINA N5 (71D)

84

Ui FHAUDINY Factor Area dFadrume Sovay)
61 CH, 1.2550 4,364.7291 43.22
CO, 0.8650 8,200.7856 55.97
N, 0.4780 214.7699 0.81
62 CH, 1.2550 3,873.0479 39.53
CO, 0.8650 8,487.9096 59.71
N, 0.4780 195.5039 0.76
63 CH, 1.2550 4,329.2034 43.12
CO, 0.8650 8,163.0976 56.04
N, 0.4780 221.4238 0.84
64 CH, 1.2550 4,618.7852 44.58
CO, 0.8650 8,207.4447 54.60
N, 0.4780 223.0578 0.82
65 CH, 1.2550 4,791.6120 45.24
CO, 0.8650 8,290.4501 53.95
N, 0.4780 225.2475 0.81
66 CH, 1.2550 4,618.7852 44.58
CO, 0.8650 8,207.4447 54.60
N, 0.4780 223.0578 0.82
67 CH, 1.2550 4,612.5808 44 .83
CO, 0.8650 8,111.8983 54.34
N, 0.4780 224.2173 0.83
68 CH, 1.2550 5,707.1007 44 .88
CO, 0.8650 10,018.2100 54.30
N 0.4780 273.7741 0.82

2



MIINUINA N5 (71D)

85

Ui FHAUDINY Factor Area dFadrume Sovay)
69 CH, 1.2550 4,861.5932 48.14
CO, 0.8650 7,456.4585 50.89
N, 0.4780 257.1936 0.97
70 CH, 1.2550 5,025.9595 48.51
CO, 0.8650 7,595.6444 50.53
N, 0.4780 261.1408 0.96
71 CH, 1.2550 4,990.2111 47.84
CO, 0.8650 7,756.2042 51.25
N, 0.4780 249.2212 091
72 CH, 1.2550 5,155.9609 48.68
CO, 0.8650 7,743.3880 50.39
N, 0.4780 258.6174 0.93
73 CH, 1.2550 4,924.4249 47.53
CO, 0.8650 7,748.9703 51.55
N, 0.4780 250.2600 0.92
74 CH, 1.2550 4,861.5932 48.14
CO, 0.8650 7,454.9932 50.88
N, 0.4780 259.8450 0.98
75 CH, 1.2550 5,208.9186 49.18
CO, 0.8650 7,663.4801 49.87
N, 0.4780 264.1791 0.95
76 CH, 1.2550 5,025.9595 48.51
CO, 0.8650 7,595.6444 50.53
N 0.4780 261.1408 0.96

2



MIINUINA N5 (71D)

86

Ui FHAUDINY Factor Area dFadrume Sovay)
77 CH, 1.2550 5,354.2545 51.33
CO, 0.8650 7,226.5122 47.75
N, 0.4780 251.9599 0.92
78 CH, 1.2550 5,715.1268 51.03
CO, 0.8650 7,825.5415 48.16
N, 0.4780 238.1777 0.81
79 CH, 1.2550 5,301.0562 50.82
CO, 0.8650 7,300.6691 48.24
N, 0.4780 257.4373 0.94
80 CH, 1.2550 5,312.7157 50.16
CO, 0.8650 7,508.2742 48.86
N, 0.4780 272.5216 0.98
81 CH, 1.2550 5,128.5301 49.50
CO, 0.8650 7,442.3185 49.51
N, 0.4780 269.3015 0.99
82 CH, 1.2550 4,923.5653 49.04
CO, 0.8650 7,275.9943 49.95
N, 0.4780 266.2358 1.01
83 CH, 1.2550 4,924.4249 47.53
CO, 0.8650 7,748.9703 51.55
N, 0.4780 250.2600 0.92
84 CH, 1.2550 5,312.7157 50.16
CO, 0.8650 7,508.2742 48.86
N 0.4780 272.5216 0.98

2



MIINUINA N5 (71D)

87

Ui FHAUDINY Factor Area dFadrume Sovay)
85 CH, 1.2550 5,025.9595 48.51
CO, 0.8650 7,595.6444 50.53
N, 0.4780 261.1408 0.96
86 CH, 1.2550 4,864.6625 47.28
CO, 0.8650 7,731.2332 51.79
N, 0.4780 251.2315 0.93
87 CH, 1.2550 4,815.5590 48.08
CO, 0.8650 7,399.4299 50.92
N, 0.4780 262.9651 1.00
88 CH, 1.2550 4,861.5932 48.14
CO, 0.8650 7,454.9932 50.88
N, 0.4780 259.8450 0.98
89 CH, 1.2550 4,757.5061 48.01
CO, 0.8650 7,323.7618 50.94
N, 0.4780 273.1824 1.05
90 CH, 1.2550 4,736.2200 47.74
CO, 0.8650 7,368.2135 51.19
N 0.4780 278.7078 1.07

2




88

Y a s o o dad J
MIIWUINA N6 Toyan1sAATIZHMBTINMIINNTZDIUNSHTNAdATNAIUMTT A

Ui FHAUDINY Factor Area dFadrume Sovay)
1 CH, 1.2550 ND -
CO, 0.8650 1,846.4357 15.54
5 0.4780 3,603.1404 16.76
N, 0.4780 14,560.2000 67.71
2 CH, 1.2550 ND -
CO, 0.8650 2,318.3174 19.39
0, 0.4780 3,397.4259 15.70
5 0.4780 14,044.1000 64.91
3 CH, 1.2550 ND )
CO, 0.8650 2,973.7721 21.81
) 0.4780 3,644.1138 14.77
N, 0.4780 15,654.1000 63.43
4 CH, 1.2550 ND -
CO, 0.8650 3,425.4326 26.73
0, 0.4780 2,965.1006 12.78
5 0.4780 14,028.3000 60.49
5 CH, 1.2550 ND -
CO, 0.8650 3,227.5273 25.29
0, 0.4780 3,027.0278 13.10
N, 0.4780 14,231.2000 61.61
6 CH, 1.2550 ND .
CO, 0.8650 2,637.7058 21.07
0, 0.4780 3,006.1467 13.27
0.4780 14,877.7000 65.66



MI1IWUINT N6 (AD)

89

Ui FHAUDINY Factor Area dFadrume Sovay)
7 CH, 1.2550 ND -
CO, 0.8650 2,471.0194 20.18
, 0.4780 2,718.4890 12.27
N, 0.4780 14,973.5000 67.56
8 CH, 1.2550 ND .
CO, 0.8650 3,038.6373 24.12
0, 0.4780 2,532.7373 11.11
5 0.4780 14,769.0000 64.77
9 CH, 1.2550 ND )
CO, 0.8650 2,076.1132 19.55
3 0.4780 2,045.0850 10.64
N, 0.4780 13,417.8000 69.81
10 CH, 1.2550 ND .
CO, 0.8650 2,512.6394 23.66
0, 0.4780 1,812.0444 9.43
5 0.4780 12,861.2000 66.92
11 CH, 1.2550 ND -
CO, 0.8650 4,204.9956 28.71
0, 0.4780 2,057.0579 7.76
N, 0.4780 16,834.0306 63.52
12 CH, 1.2550 ND -
CO, 0.8650 5,050.6900 34.10
0, 0.4780 848.0101 3.16
0.4780 16,812.9495 62.73



MI1IWUINT N6 (AD)

90

Ui FHAUDINY Factor Area dFadrume Sovay)
13 CH, 1.2550 115.9878 1.01
CO, 0.8650 7,034.2207 42.32
5 0.4780 92.8349 0.31
N, 0.4780 16,948.5521 56.35
14 CH, 1.2550 765.4633 8.96
CO, 0.8650 5,464.7314 44.11
N, 0.4780 10,518.9421 46.92
15 CH, 1.2550 1,495.9572 17.43
CO, 0.8650 5,178.9724 41.60
N, 0.4780 9,231.5781 40.97
16 CH, 1.2550 1,804.8258 21.14
CO, 0.8650 5,248.4678 42.38
N, 0.4780 8,175.3011 36.48
17 CH, 1.2550 2,368.2313 25.50
CO, 0.8650 5,959.1632 44.23
N, 0.4780 7,380.3929 30.27
18 CH, 1.2550 2,473.2668 29.01
CO, 0.8650 5,405.1283 43.70
N, 0.4780 6,108.8241 27.29
19 CH, 1.2550 2,647.1202 31.44
CO, 0.8650 5,129.2055 41.98
N, 0.4780 5,875.7289 26.58
20 CH, 1.2550 3,413.1154 38.68
CO, 0.8650 4,553.8880 35.57
N 0.4780 5,965.8470 25.75



MI1IWUINT N6 (AD)

91

Ui FHAUDINY Factor Area dFadrume Sovay)
21 CH, 1.2550 2,925.2302 39.96
CO, 0.8650 6,250.4122 58.85
N, 0.4780 228.7164 1.19
22 CH, 1.2550 2,793.5078 38.16
CO, 0.8650 6,448.0645 60.71
N, 0.4780 217.1880 1.13
23 CH, 1.2550 2,335.1037 36.32
CO, 0.8650 5,837.4544 62.58
N, 0.4780 185.6816 1.10
24 CH, 1.2550 2,282.5564 33.22
CO, 0.8650 6,560.5674 65.81
N, 0.4780 174.9885 0.97
25 CH, 1.2550 1,417.0968 27.82
CO, 0.8650 5,235.6563 70.83
N, 0.4780 180.4005 1.35
26 CH, 1.2550 2,925.2302 39.96
CO, 0.8650 6,250.4122 58.85
N, 0.4780 228.7164 1.19
27 CH, 1.2550 2,793.5078 38.16
CO, 0.8650 6,448.0645 60.71
N, 0.4780 217.1880 1.13
28 CH, 1.2550 2,335.1037 36.32
CO, 0.8650 5,837.4544 62.58
N 0.4780 185.6816 1.10

2



MI1IWUINT N6 (AD)

92

Ui FHAUDINY Factor Area dFadrume Sovay)
29 CH, 1.2550 2,282.5564 33.22
CO, 0.8650 6,560.5674 65.81
N, 0.4780 174.9885 0.97
30 CH, 1.2550 2,607.9162 35.04
CO, 0.8650 6,906.6207 63.96
N, 0.4780 195.4094 1.00
31 CH, 1.2550 3,135.2086 37.14
CO, 0.8650 7,576.3858 61.86
N, 0.4780 221.6360 1.00
32 CH, 1.2550 3,550.9631 40.89
CO, 0.8650 7,307.7665 58.00
N, 0.4780 253.0858 1.11
33 CH, 1.2550 4,358.8309 41.67
CO, 0.8650 8,708.5099 57.38
N, 0.4780 262.2061 0.95
34 CH, 1.2550 3,630.4547 42.07
CO, 0.8650 7,111.5532 56.80
N, 0.4780 256.0252 1.13
35 CH, 1.2550 3,693.5288 43.04
CO, 0.8650 6,947.5398 55.80
N, 0.4780 261.3624 1.16
36 CH, 1.2550 3,733.5683 44.34
CO, 0.8650 6,655.6906 54.48
N 0.4780 260.8713 1.18

2



MI1INUINA N6 (71D)

93

Ui FHAUDINY Factor Area dFadrume Sovay)
37 CH, 1.2550 3,695.2671 43.29
CO, 0.8650 6,879.7069 55.55
N, 0.4780 259.9753 1.16
38 CH, 1.2550 3,909.6422 42.10
CO, 0.8650 7,650.2905 56.78
N, 0.4780 273.0793 1.12
39 CH, 1.2550 3,758.0057 44.08
CO, 0.8650 6,772.1659 54.75
N, 0.4780 261.8892 1.17
40 CH, 1.2550 3,634.3728 41.31
CO, 0.8650 7,354.8726 57.62
N, 0.4780 247.1576 1.07
41 CH, 1.2550 3,733.5683 44.34
CO, 0.8650 6,655.6906 54.48
N, 0.4780 260.8713 1.18
42 CH, 1.2550 3,829.6602 43.40
CO, 0.8650 7,099.0410 55.45
N, 0.4780 266.4306 1.15
43 CH, 1.2550 3,780.0843 43.20
CO, 0.8650 7,066.2429 55.66
N, 0.4780 261.9018 1.14
44 CH, 1.2550 3,623.4370 41.02
CO, 0.8650 7,424.3120 57.93
N 0.4780 243.5175 1.05

2



MI1INUINA N6 (71D)

94

Ui FHAUDINY Factor Area dFadrume Sovay)
45 CH, 1.2550 4,006.2321 42.62
CO, 0.8650 7,674.0955 56.27
N, 0.4780 273.9438 1.11
46 CH, 1.2550 3,634.3728 41.31
CO, 0.8650 7,356.1490 57.62
N, 0.4780 247.1576 1.07
47 CH, 1.2550 3,909.6422 42.10
CO, 0.8650 7,650.2905 56.78
N, 0.4780 273.0793 1.12
48 CH, 1.2550 3,758.0057 44.08
CO, 0.8650 6,772.1659 54.75
N, 0.4780 261.8892 1.17
49 CH, 1.2550 3,623.4370 41.02
CO, 0.8650 7,424.3120 57.93
N, 0.4780 243.5175 1.05
50 CH, 1.2550 4,006.2321 42.62
CO, 0.8650 7,674.0955 56.27
N, 0.4780 273.9438 1.11
51 CH, 1.2550 3,634.3728 41.31
CO, 0.8650 7,354.8726 57.62
N, 0.4780 247.1576 1.07
52 CH, 1.2550 3,733.5683 44.34
CO, 0.8650 6,655.6906 54.48
N 0.4780 260.8713 1.18

2



MI1INUINN N6 (71D)

95

Ui FHAUDINY Factor Area dFadrume Sovay)
53 CH, 1.2550 3,829.6602 43.40
CO, 0.8650 7,099.0410 55.45
N, 0.4780 266.4306 1.15
54 CH, 1.2550 3,780.0843 43.20
CO, 0.8650 7,066.2429 55.66
N, 0.4780 261.9018 1.14
55 CH, 1.2550 3,876.5605 46.25
CO, 0.8650 6,386.8566 52.52
N, 0.4780 270.6798 1.23
56 CH, 1.2550 3,909.6422 42.10
CO, 0.8650 7,650.2905 56.78
N, 0.4780 273.0793 1.12
57 CH, 1.2550 3,758.0057 44.08
CO, 0.8650 6,772.1659 54.75
N, 0.4780 261.8892 1.17
58 CH, 1.2550 3,623.4370 41.02
CO, 0.8650 7,424.3120 57.93
N, 0.4780 243.5175 1.05
59 CH, 1.2550 3,829.6602 43.40
CO, 0.8650 7,099.0410 55.45
N, 0.4780 266.4306 1.15
60 CH, 1.2550 3,887.9449 47.73
CO, 0.8650 6,026.1689 50.99
N 0.4780 273.7502 1.28

2



MI1INUINA N6 (71D)

96

Ui FHAUDINY Factor Area dFadrume Sovay)
61 CH, 1.2550 3,733.5683 44.34
CO, 0.8650 6,655.6906 54.48
N, 0.4780 260.8713 1.18
62 CH, 1.2550 3,834.8541 46.82
CO, 0.8650 6,178.2413 51.99
N, 0.4780 255.9059 1.19
63 CH, 1.2550 3,809.7918 46.23
CO, 0.8650 6,293.9146 52.64
N, 0.4780 244.4959 1.13
64 CH, 1.2550 3,549.1371 37.27
CO, 0.8650 8,530.1688 61.74
N, 0.4780 247.5223 0.99
65 CH, 1.2550 3,809.7918 46.23
CO, 0.8650 6,293.9146 52.64
N, 0.4780 244.4959 1.13
66 CH, 1.2550 3,134.7426 37.69
CO, 0.8650 7,416.4473 61.46
N, 0.4780 185.6139 0.85
67 CH, 1.2550 3,134.7426 37.69
CO, 0.8650 7,416.4473 61.46
N, 0.4780 185.6139 0.85
68 CH, 1.2550 2,996.4191 34.48
CO, 0.8650 8,146.3424 64.61
N 0.4780 207.6312 091

2
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Ui FHAUDINY Factor Area dFadrume Sovay)
69 CH, 1.2550 3,637.4532 42.62
CO, 0.8650 6,987.4971 56.43
N, 0.4780 212.8744 0.95
70 CH, 1.2550 3,492.4042 36.90
CO, 0.8650 8,558.9971 62.33
N, 0.4780 191.3395 0.77
71 CH, 1.2550 3,511.7601 36.83
CO, 0.8650 8,635.2419 62.42
N, 0.4780 187.7588 0.75
72 CH, 1.2550 3,511.7601 36.83
CO, 0.8650 8,635.2419 62.42
N, 0.4780 187.7588 0.75
73 CH, 1.2550 3,548.6748 37.77
CO, 0.8650 8,377.9813 61.46
N, 0.4780 189.9441 0.77
74 CH, 1.2550 3,787.8692 38.97
CO, 0.8650 8,496.6796 60.25
N, 0.4780 199.0559 0.78
75 CH, 1.2550 3,474.7583 40.14
CO, 0.8650 7,417.6833 59.06
N, 0.4780 181.8248 0.80
76 CH, 1.2550 4,656.7971 45.62
CO, 0.8650 7,966.3833 53.79
N 0.4780 158.1248 0.59

2



MI1INUINA N6 (71D)

98

Ui FHAUDINY Factor Area dFadrume Sovay)
77 CH, 1.2550 4,666.1952 46.23
CO, 0.8650 7,768.7656 53.05
N, 0.4780 190.8039 0.72
78 CH, 1.2550 5,036.7367 43.97
CO, 0.8650 9,187.3114 55.28
N, 0.4780 225.5640 0.75
79 CH, 1.2550 4,650.6724 45.56
CO, 0.8650 7,958.9782 53.74
N, 0.4780 187.6056 0.70
80 CH, 1.2550 3,605.4729 41.65
CO, 0.8650 7,228.0338 57.55
N, 0.4780 181.8248 0.80
81 CH, 1.2550 3,511.7601 36.83
CO, 0.8650 8,635.2419 62.42
N, 0.4780 187.7588 0.75
82 CH, 1.2550 3,548.6748 37.77
CO, 0.8650 8,377.9813 61.46
N, 0.4780 189.9441 0.77
83 CH, 1.2550 3,884.0969 39.96
CO, 0.8650 8,352.8354 59.23
N, 0.4780 206.7119 0.81
84 CH, 1.2550 3,738.9902 39.39
CO, 0.8650 8,241.1449 59.84
N 0.4780 191.9000 0.77

2
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Ui FHAUDINY Factor Area dFadrume Sovay)
85 CH, 1.2550 3,217.5501 37.70
CO, 0.8650 7,617.7710 61.52
N, 0.4780 174.7811 0.78
86 CH, 1.2550 3,423.0056 36.97
CO, 0.8650 8,359.6014 62.23
N, 0.4780 194.4751 0.80
87 CH, 1.2550 3,492.4042 36.90
CO, 0.8650 8,558.9971 62.33
N, 0.4780 191.3395 0.77
88 CH, 1.2550 2,998.8822 36.39
CO, 0.8650 7,508.6975 62.80
N, 0.4780 175.2581 0.81
89 CH, 1.2550 2,998.8822 36.39
CO, 0.8650 7,508.6975 62.80
N, 0.4780 175.2581 0.81
90 CH, 1.2550 3,134.7426 37.69
CO, 0.8650 7,416.4473 61.46
N 0.4780 185.6139 0.85

2
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d' a o = Al = g’
MINNNUINN N7 NITIDANTFUNUVDNTAAVNDUTAUN

Time (day) % CH, gCH,/day gCH,/kg TVS

1 0.00 0.00 0.00

2 0.00 0.00 0.00

3 0.00 0.00 0.00

4 0.00 0.00 0.00

5 0.00 0.00 0.00

6 0.00 0.00 0.00

7 0.00 0.00 0.00

8 0.00 0.00 0.00

9 0.00 0.00 0.00
10 0.00 0.00 0.00
11 0.00 0.00 0.00
12 4.09 27.75 221.14
13 9.07 61.54 490.40
14 15.72 106.67 849.95
15 19.62 133.13 1,060.81
16 24.16 163.94 1,306.28
17 26.73 181.38 1,445.24
18 28.03 190.20 1,515.53
19 37.88 257.04 2,048.10
20 40.30 273.46 2,178.94
21 42.12 285.79 2,277.21
22 41.26 279.99 2,230.99
23 43.13 292.68 2,332.09
24 44.95 305.04 2,430.56

25 41.70 282.99 2,254.90
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MI1IWUINA 17 (AD)

Time (day) % CH, gCH,/day gCH,/kg TVS
26 44.34 300.87 2,397.34
27 47.13 319.80 2,548.18
28 46.19 31345 2,497.58
29 42.58 288.94 2,302.28
30 46.52 315.67 2,515.28
31 46.77 317.36 2,528.79
32 46.71 316.95 2,525.49
33 46.64 316.45 2,521.49
34 47.58 322.82 2,572.30
35 47.80 324.33 2,584.27
36 49.19 333.80 2,659.78
37 47.74 323.92 2,581.02
38 48.24 327.31 2,608.05
39 49.20 333.85 2,660.16
40 51.36 348.54 2,777.19
41 49.19 333.80 2,659.78
42 49.06 332.93 2,652.81
43 46.90 318.26 2,535.97
44 44.07 299.04 2,382.81
45 46.31 314.22 2,503.76
46 45.17 306.52 2,442.40
47 44.86 304.37 2,425.29
48 46.28 314.02 2,502.14
49 45.83 310.96 2,477.79

50 45.38 307.90 2,453.41
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MI1IWUINA 17 (AD)

Time (day) % CH, gCH,/day gCH,/kg TVS
51 46.31 314.22 2,503.76
52 46.05 312.51 2,490.10
53 42.72 289.85 2,309.55
54 44.35 300.92 2,397.77
55 44.39 301.19 2,399.96
56 44.39 301.19 2,399.96
57 41.39 280.84 2,237.74
58 43.59 295.80 2,356.94
59 42.71 289.81 2,309.24
60 43.16 292.87 2,333.64
61 43.22 293.29 2,336.96
62 39.53 268.25 2,137.49
63 43.12 292.61 2,331.52
64 44.58 302.51 2,410.41
65 45.24 307.01 2,446.26
66 44.58 302.51 2,410.41
67 44.83 304.20 2,423.93
68 44.88 304.53 2,426.52
69 48.14 326.67 2,602.98
70 48.51 329.18 2,622.98
71 47.84 324.63 2,586.69
72 48.68 330.35 2,632.25
73 47.53 322.51 2,569.84
74 48.14 326.64 2,602.67

75 49.18 333.68 2,658.82
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MI1IWUINA 17 (AD)

Time (day) % CH, gCH,/day gCH,/kg TVS
76 48.51 329.18 2,622.98
77 51.33 348.32 2,775.47
78 51.03 346.26 2,759.08
79 50.82 344.87 2,747.97
80 50.16 340.35 2,711.96
81 49.50 335.85 2,676.12
82 49.04 332.74 2,651.29
83 47.53 322.51 2,569.84
84 50.16 340.35 2,711.96
85 48.51 329.18 2,622.98
86 47.28 320.84 2,556.47
87 48.08 326.22 2,599.34
88 48.14 326.64 2,602.67
89 48.01 325.81 2,596.07

90 47.74 323.95 2,581.24
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d' a o = v A = g’
MINNNUINN N8 NITINANTHUINUVDIFTAATNNIUNITIAUN

Time (day) % CH, gCH,/day gCH,/kg TVS
1 0.00 0.00 0.00
2 0.00 0.00 0.00
3 0.00 0.00 0.00
4 0.00 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00
7 0.00 0.00 0.00
8 0.00 0.00 0.00
9 0.00 0.00 0.00
10 0.00 0.00 0.00
11 0.00 0.00 0.00
12 0.00 0.00 0.00
13 1.01 2.84 19.05
14 8.96 25.16 169.00
15 17.43 48.95 328.76
16 21.14 59.37 398.73
17 25.50 71.62 480.97
18 29.01 81.47 547.17
19 31.44 88.30 593.01
20 38.68 108.63 729.56
21 39.96 112.22 753.66
22 38.16 107.17 719.76
23 36.32 102.02 685.13
24 33.22 93.29 626.55

25 35.04 98.41 660.92
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MI1IWUINA N8 (AD)

Time (day) % CH, gCH,/day gCH,/kg TVS
26 39.96 112.22 753.66
27 38.16 107.17 719.76
28 36.32 102.02 685.13
29 33.22 93.29 626.55
30 35.04 98.41 660.92
31 37.14 104.30 700.44
32 40.89 114.84 771.23
33 42.50 119.36 801.64
34 42.07 118.16 793.57
35 43.04 120.88 811.81
36 44.34 124.54 836.39
37 43.29 121.58 816.52
38 42.10 118.24 794.08
39 44.08 123.79 831.36
40 41.31 116.00 779.08
41 44.34 124.54 836.39
42 43.40 121.88 818.52
43 43.20 121.34 814.90
44 41.02 115.19 773.62
45 42.62 119.69 803.86
46 41.31 116.00 779.08
47 42.10 118.24 794.08
48 44.08 123.79 831.36
49 41.02 115.19 773.62

50 42.62 119.69 803.86
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MI1IWUINA N8 (AD)

Time (day) % CH, gCH,/day gCH,/kg TVS
51 41.31 116.00 779.08
52 44.34 124.54 836.39
53 43.40 121.88 818.52
54 43.20 121.34 814.90
55 46.25 129.90 872.36
56 42.10 118.24 794.08
57 44.08 123.79 831.36
58 41.02 115.19 773.62
59 43.40 121.88 818.52
60 47.73 134.05 900.25
61 44.34 124.54 836.39
62 46.82 131.49 883.10
63 46.23 129.83 871.91
64 37.27 104.68 703.02
65 46.23 129.83 871.91
66 37.69 105.86 710.93
67 37.69 105.86 710.93
68 3448 96.84 650.36
69 42.62 119.69 803.83
70 36.90 103.64 696.06
71 36.83 103.43 694.65
72 36.83 103.43 694.65
73 37.77 106.08 712.39
74 38.97 109.46 735.11

75 40.14 112.75 757.19
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MI1IWUINA N8 (AD)

Time (day) % CH, gCH,/day gCH,/kg TVS
76 45.62 128.11 860.40
77 46.23 129.84 872.01
78 43.97 123.48 829.30
79 45.56 127.96 859.38
80 41.65 116.97 785.53
81 36.83 103.43 694.65
82 37.77 106.08 712.39
83 39.96 112.22 753.67
84 39.39 110.63 742.95
85 37.70 105.87 711.05
86 36.97 103.82 697.23
87 36.90 103.64 696.06
88 36.39 102.20 686.35
89 36.39 102.20 686.35

90 37.69 105.86 710.93
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1. Total Kjeldahl Nitrogen (TKN)

NITATLIY

Nx(A-B)x0.014x100
wt.sample

% Nitrogen (wi'w) =

Tagf A =1lS1asvesansazanenasgiu H,80, 119 lnnsadied1a (ml.)
a Sq
B = 1l51masveeasaza1sn1ns§iu H,S0, 14 lninsa Blank (ml.)
N = Normality Y936135820180195§14 H,SO,

9
v

Wt =11ina0819 (g.)

“sample

2. Total Volatile Solids (TVS)

NISATLIY

Wi1-w2
wi

% VS = X 100

Taont VS = anlSunavoadanmn lnilla (%)

Y
W1 =1nina108 19N UK ()
Y

W2 = 111 UNA0819HAI NI (2)
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v = a =K d
3. mfSnadunsgmsueu

NITATLIY

Organic carbon (%) = Volatile Solid(%)

1.8

4. Moisture content, Total Solids (TS)

NITAILIY
W = (W, - W,)x 100
W,
I = 100 - W

[ F2
Tagh W =manusu (%)
9
W, =1imindleganouol (g.)
9
W, = 1111nA98191a391n01 (g.)

a <
T = USuaveavesIy (%)
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1. MIIAQMHAN

ad a 4
ABNITAUNTICH

aariaiagungd Mneludunin uSnarhduun nazemagunginialanniu
=2

AN UUNIND

2. msdamanuiunsania Ineld pH meter

ax a 4

TN AT

T¥Taandniruazunsssourua 2 Naawas $1uau 10 n5y dlu Beaker 110
9 9

Fl '
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'Qg} @ o qa: ' @ ' <3| 1 @
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ad a 4
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4. MNANEHUT NV T ITTIVEY
as a 4
IBNTAUNTIZH

Medsiaqmineunieaiin tunuadieniesuadiedeldivuia | dadwas

! @ v

o A = < 4 L qua . i
i louh 75 eeruzaiBod 1unai 2 2 Tue Nelidulu DessicatornIniuguaaee19

bl A

' 9 '
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U

9
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0 A = <3| o
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A13AzAeNANYDY NaOH 1 Na ,S,0, solution 75 fiadans vz ladwuy nau Taeld Boric acid

4 %lu1l5mas 50 adans nanan1dil5ines 200 dadaas W Tnasn i NH,
4. M3 loumsn
0 sy v v . . Y
hensazaei laun limsndrsasazarennsgv Sulfuric acidlng 149

. I Aa A 4 o = a = ~ A A
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