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1. BOD (Biochemical Oxygen Demand) (A.O.A.C., 1990)
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Appendix Table 1. BOD range and dilute wastewater method.

%2471 BOD (%) A19819
20,000-70,000 0.01
10,000-35,000 0.02
4,000-14,000 0.05
2,000-7,000 0.1
400-1,400 0.2
200-700 1.0
100-350 2.0
40-140 5.0
20-70 10.0
10-35 20.0
4-14 50.0

0-7 100




98
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Saaeinsal

1.
2.
3.

vIage8 1U5AU (Kjeldahl flask) Y119 250-300 Haaans
91lnsail¥A1uTeu (Heating mentle)

¢ o
Qﬂ nsalnau 11/5AY (Semi-micro distillation apparatus)

.93 NY (Eelenmeyer flask) YM1A 100 HAAANT
129150151195 (Volumetric flask) Y119 100 Yaaans
e
RTpIRe

9y
. Qnun7

. NITATHNID

. nIaa3n (H,S0,)

. E3HIVTINTE0Y (catalyst) 152nOUAIY CuSO, 1 dIU 1Az K,SO, 10 du
andoulaason lad (NaOH) iiudiufooas 40

.N3AUDIA (H,BO,) [Wutuiovas 2

. Mixed indicator

) @ a Y a a J
5.1 %9 0.125 TN NaLsa tae 0.082 N3N mwauugazmtﬂmaﬂau@aﬂ@aaa

95% 1UTH1M5 100 Naaans

v Y v
5.2 %9 0.1 n5u TUsTuaSwearsuazareluiinduuazdSulSurasiiu

100 Hadans

F4
5.3 HEUA1302010 2 FHUATIWNU drsazatoiidounsoulvainnaou



101

aa
35013

M3eioanI9e9
u‘a w 1 [y = A Aan 1 1 a
1. 99620819 0.2-0.5 NSU U39 5-10 Uaaans la luvasadesmuilsuialuTasau aa
' AY a S0YY Y AY  dqu o o
Migihiunilsiestitesnlduin (11 blank NnATa)
2. 1da159%7015 9715808 (catalyst) 1-2 NT
a [ a 9 9 Aa Aaa a) d' [
3aaunsadaysndudu 5-10 Naaans amuazdanietnlonsa
1 d' QQ' 9 =) c:/ Q' d?’
4.g08NguuNITNAN TN 200 oA UXAITod YTz 199 Ty uagNIUI
= =~ 9 o
04 350 peA sl ea 9 1sanlssuia 4 5219
A A Y =\ A AaAA 09}1 Qy Yg Y3
5. iegegaulanse ldmsazareafmsed@erouihaana 1A

6.1 lnau

MINAUAIDELNY
v Y 1
1. Tadedalurasandwaniiiyszana 60-100 Jaaans we1w1e) ionNaunsa
[ 9 o d' v A 9 ) a\ g‘ 1 < o
2. ldvasadnduaioandunnsonazndwlaiiivastdusnsinis ivadseuia
3-4 anTAUN
a 4 o
3. nensavane Tasden lansonlad 40 % aalide au'ldansazaredm
4. 5undulaeldnsaussn (2%) NAN1TIAN Mixed indicator (2-3 o) Uszu
a aa 4 Aa aa 1] 9 1 19 ¥
10 Haaaas luvlaranvuna 250 Hadans 59951 Condensate Taglnilarevioanedlansa
o A aa 1 < o ' QSJ‘
5. nauli1d Condensate Uszunar 100-150 Haaaas newasamsnauluudazasa
4 S I3 @ 1 o 1 4 4 o
Tdeuraaninudisgnasldnuvosriainaudolszuna 1 19 Mod1unTonau

6. laimsnd 0.02-0.1 uesiia HCI 130 H,S0, aufus blank aontietilus1uia
MSAIUINY

s1as lulasnunaiue Gesaz)=  (A-B)xNx 14

W

'
a a

A Ao USuasveansalalasaassnnlelumslasmindudlioss
B Ao Usuasvesnsalalasaaesninldlunslaswindy blank
Y
W Ao 1mindl0614
A 9 9 a J v
N Ao anududuvednialalasnaoin (Losiia)

nstiaadsaTlsiu (ovaz) quade 6.25



102

4. YBUVINIHNA (Total solids; TS) (APHA, AWWA and WEF, 1998)

[y d
Jaaainsal
Y di’ o [
1. D19 DIFINTUTEINE
9 A Ay ya ~
2. qounnIuaugungll 14N 103 osriaaFod
' J
3. 9191011
& .
4.19@@?1’31%1)’1! (Desiccators)

5. 1AT9I%9 4 AUNU

aa a d
AENMIIUNINTH

a =

o Y < g,
1. hdreszmednIdazeraonldudaiguigil 103 essuaadod Wlunar 1 52 Tus
o Y3 di’ Yy o g’ v A ]
M ldiaululagaanuyuudiFaiminnuiuen
H Y
2. 061 50 adans niedesnldasludreszmeinsnihminmiven
Y
3. 1h lsemelviudalueelen
{ a 3| o
4. ovldudeludouiguuigil 103 eermmaBoa iunar 1 99 Tug

0 q 9 £ 29 S o AA &
5. TI”I‘IWLEJHQIHTE]@JW’YJ”IN‘KM Uszana 45 WN FarnimunuIu

NSAIUIN

[ c?/‘ A a o A 3’ @ < a Aa o
VYDULVIMNHUA (WAANTN/ANT) = UIHUNUDILUY (WaanTN) x 1,000

@ 1

Uaaans Aod1d



103

5. YDINUVINVINADE (Suspended Solids; SS) (APHA, AWWA and WEF, 1998)
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Appendix Table 2. The characteristic of palm oil mill wastewater (POMW) for used.

WNnes

g} = g} = Aa A
1uae e UszAninngaga
9
Clusumsesey)  EhumswToudeadu) lumstiiia (%)

11 Tof (Naansu/ans) 18,000-22,000

¥ 0@ (Nadniv/ang) 72,000-95,000
§loRazateni (Hadnsw/ans)  55,000-72,000
voufaanun (Waansw/ans)  12,500-35,000
YOI WUVIUADY (HaaNTW/AAT) 7,000-12,000
181 (Haansu/ans) 2,700-4,500
ystunaziiniu (Taan3uans)  6,100-10,600
i Tasousana (Naanswans) 1,078
woanloariavua (Haanswans) 4725
PO H-P (Jaansu/ans) 147.0

Niow 4.35

14,000-18,000
68,000-74,000
50,000-68,000
11,500-14,000
6,000-7,500
2,500-2,700
5,500-6,100
980

432.5

125.0

4.36

22.22
22.11
9.1
60.0
37.5
40.0
42.45

15
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Appendix Table 3. The experimental data show effect of organic loading rate on parameter

changed in acidogenic reactor at start-up period.

OLR VFA Acetic Propionic Butyric pH
(gCOD/l/d) (mg/1) (mg/1) (mg/1) (mg/1)

1303 440.25 398.13 0 7.25

1839.27 122.37 0 0 7.22

2360.94 114.21 566.52 0 7.21

1.5 1987.26 122.43 280.29 0 7.15

2403.61 80.46 677.94 0 7.09

933.48 60.84 447.66 84.81 7.12

782.34 638.52 0 0 7.08

Means 1658.56 225.58 338.65 25.74 7.16

1022.37 36.18 880.41 0 6.61

2.5 2293.95 49.26 549.15 0 6.64

2029.05 225.98 814.74 140.58 6.55

Means 1871.79 103.81 748.1 46.86 6.60

1663.23 1330.47 0 0 6.15

1856.37 82.53 42.39 0 6.08

1795.86 0 0 0 6.1

5.0 2890.95 51.69 915.48 0 6.14

3041.34 0 1233.21 0 6.1

3316.86 71.76 1276.62 0 6.09

3967.38 77.73 1521.39 0 6.03
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Appendix Table 3. (Con.) The experimental data show effect of organic loading rate on

parameter changed in acidogenic reactor at start-up period.

OLR VFA Acetic Propionic Butyric pH
(gCOD/l/d) (mg/1) (mg/1) (mg/1) (mg/1)

3146.61 61.47 1181.01 0 6.02

2052 0 0 0 6.0

5.0 3636.38 84.57 1320.69 0 6.04

3015.75 91.56 0 0 6.01

1825.83 0 0 0 6.0

1590.57 0 0 0 6.01

Means 2599.93 142.44 576.21 0 6.06

v a d {
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Appendix Table 4. The experimental data show effect of organic loading rate on parameter

changed in acidogenic reactor at start-up period.

OLR Biogas Methane Alkalinity TSS VSS
(gCOD/I/d) (/d) (/d) (mgCaCO,/) (mg/l) (mg/1)
0.03 0.19 nd 8510 6630
0.15 0.01 - - -
0 0 4010 7980 6220
1.5 0.12 0.01 - - -
0.45 0.036 3850 8100 6300
0.52 0.04 - - -
0.78 0.09 3715 7750 6050
Means 0.29 0.05 3678.33 8085 6300
1.07 0.13 nd nd nd
2.5 1.35 0.16 - - -
2.25 0.27 3150 7810 6100
Means 1.56 0.19 3150 7810 6100
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Appendix Table 4. (Con.) The experimental data show effect of organic loading rate on

parameter changed in acidogenic reactor at start-up period.

OLR Biogas Methane Alkalinity TSS VSS
(gCOD/I/d) /d) /d) (mgCaCO,/) (mg/1 (mg/l)
3.93 0.47 3075 7700 6000
4.2 0.5 - - -
52 0.62 nd 7820 6090
5.8 0.7 - - -
4.96 0.74 3100 7600 5930
5.35 0.8 - - -
>0 5.07 0.91 3050 7570 5900
5.55 0.83 - - -
5.29 0.95 3000 7600 5920
5.74 0.69 - - -
5.06 1.21 nd 7500 5850
5.31 1.27 - - -
5.98 1.44 3020 7500 5880
Means 5.19 0.86 3049 7612.86 5938.57
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Appendix Table 5. The experimental data show effect of organic loading rate on parameter

changed in acidogenic reactor at experimental operation period.

OLR VFA Acetic Biogas Methane pH
(gCOD/V/d) (mg/) (mg/D) (I/d) (/d)

42.57 0 0.12 0.01 6.67

17.58 0 0.32 0.025 6.76

13.59 0 0.75 0.09 6.8

25.98 0 1.25 0.15 6.72

49.83 0 1.56 0.19 6.76

2.5 14.82 0 2.05 0.25 6.84

12.84 0 2.15 0.17 6.74

9.66 0 2.45 0.2 6.73

8.01 0 2.47 0.3 6.72

7.62 0 2.56 0.31 6.71

9.12 0 2.87 0.287 6.73

0 0 2.78 0.33 6.68

Means 17.64 0 1.78 0.19 6.74

95.21 16.35 4.07 0.98 6.67

49.74 22.23 3.15 0.88 6.71

76.44 30.87 3.37 1.21 6.64

80.12 15.69 3.12 0.75 6.60

5.0 50.72 27.36 3.70 1.11 6.64

73.18 14.16 4.15 1.25 6.69

65.1 0 3.81 1.14 6.65

55.46 0 3.76 1.35 6.61

79.84 0 6.15 1.72 6.59

40.31 0 6.50 1.82 6.63

Means 66.61 12.66 4.18 1.22 6.64
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Appendix Table 5. (Con.)The experimental data show effect of organic loading rate on

parameter changed in acidogenic reactor at experimental operation

period.
OLR VFA Acetic Biogas Methane pH
(gCOD/I/d) (mg/) (mg/l) (/d) (/d)
246.21 22.14 5.72 2.05 6.64
231.03 28.71 6.26 2.63 6.58
262.71 69.84 9.70 2.49 6.34
7.5 227.52 33.63 9.84 2.54 6.38
193.62 27.36 11.41 2.79 6.30
234.41 25.86 10.47 3.13 6.33
202.53 0 11.14 2.46 6.32
274.44 0 11.69 291 6.29
Means 234.06 25.95 9.53 2.63 6.40
308.85 197.55 9.67 4.74 6.49
322.65 41.04 8.95 4.92 6.51
361.82 57.93 9.17 4.49 6.45
379.08 66.75 10.15 4.97 6.6
390.61 135.99 9.6 5.28 6.55
387.39 210.90 11.24 5.11 6.63
349.11 95.75 10.1 5.26 6.63
10.0 337.43 63.06 10.96 5.42 6.39
331.03 27.15 13.5 5.62 6.39
Means 352.0 100.02 10.37 5.09 6.52
415.14 90.99 15.27 5.49 6.38
405.24 285.66 17.7 6.37 6.38
397.3 315.69 18.97 6.69 6.38
430.08 280.38 19.67 6.9 6.5
12.5 446.21 230.28 17.05 6.32 6.46
522.09 249.36 19.32 6.4 6.62
Means 436.01 242.06 18.0 6.36 6.45
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Appendix Table 5. (Con.) The experimental data show effect of organic loading rate on

parameter changed in acidogenic reactor at experimental operation

period.
OLR VFA Acetic Biogas Methane pH
(gCOD/I/d) (mg/l) (mg/1) /d) /d)
1099 247.41 23.96 6.3 6.61
1121.71 413.04 25.57 7.02 6.54
1144.42 578.70 23.94 7.18 6.54
15.0 1758.78 446.04 22.73 7.27 6.44
1228.72 313.38 22.75 6.82 6.42
1877.03 664.77 25.44 7.1 6.44
2525.34 7.02.81 24.71 6.91 6.44
1853.67 622.29 255 6.8 6.45
1182 514.80 2533 7.11 6.42
Means 1532.23 503.37 24.44 6.95 6.48
1851.07 1072.59 23.96 5.25 6.54
5580 4928.76 25.57 2.26 6.54
17.5 2540.26 1172.66 19.43 1.46 6.02
5701.7 1642.92 18.1 1.28 6.05
1570.92 1570.92 19.93 1.04 6.02
3272.88 2487.06 19.43 1.0 6.01
Means 2324.72 1508.90 20.43 1.59 6.14
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Appendix Table 6. The experimental data show effect of organic loading rate on parameter

changed in methanogenic reactor at start-up period.

OLR VFA Acetic Biogas Methane pH
(gCOD/V/d) (mg/) (mg/1) /d) /d)

1264.32 567.81 1.65 0.132 6.12

2381.52 593.07 3.85 0.462 6.07

12 989.94 858.51 5.22 0.63 6.06
2687.79 47.49 3.8 0.57 6.12

Means 1830.89 516.72 3.63 0.45 6.09
1990.5 60.0 6.03 1.09 6.11

2.5 1054.23 388.8 3.36 0.61 6.07
1672.53 99.48 3.9 0.7 6.03

Means 1572.42 182.76 443 0.8 6.07
7563.3 3919.35 5.12 1.23 6.08

4397.82 75.33 4.78 1.15 7.12

4268.01 76.11 5.31 1.27 7.37

3724.5 1346.88 4.82 1.45 7.19

2942.01 258.51 53 1.59 7.28

5.0 3019.86 963.63 4.95 1.78 7.1
4876.95 1917.51 5.4 1.62 7.1

3008.01 48.63 5.06 1.82 7.04

6126.75 3293.52 4.79 2.01 7.0

1948.83 63.75 5.27 2.21 7.05

1572.57 259.59 5.32 2.61 7.05

2306.61 49.14 5.41 2.65 7.03

Means 3812.94 1022.66 5.13 1.78 7.03
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Appendix Table 7. The experimental data show effect of organic loading rate on parameter

changed in methanogenic reactor at experimental operation period.

OLR VFA Acetic Biogas Methane pH
(gCOD/V/d) (mg/) (mg/D) (/d) /d)

33.9 0 32 2.24 7.12

35.26 43 2.62 7.37

38.44 0 6.45 4.52 7.19

43.5 0 5.7 3.48 7.28

45.6 0 8.85 4.34 7.1

1.1 38.1 0 6.8 3.13 7.1

35.9 0 7.63 2.29 7.04

34.92 0 7.42 2.67 7.0

9.71 0 7.51 2.25 7.05

0 0 7.76 2.79 7.05

0 0 7.18 2.15 7.03

Means 28.67 0 6.62 2.95 7.12

11.58 0 6.79 2.44 7.18

11.82 0 6.22 2.61 7.1

10.56 0 7.21 3.53 7.05

8.73 0 7.73 3.79 7.01

2.5 9.45 0 7.37 4.05 7.0

14.07 0 7.86 3.85 7.01

10.98 0 8.42 4.13 7.0

Means 11.03 0 7.37 3.49 7.05
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Appendix Table 7. (Con.) The experimental data show effect of organic loading rate on

parameter changed in methanogenic reactor at experimental operation

period.
OLR VFA Acetic Biogas Methane pH
(gCOD/V/d) (mg/) (mg/) (/d) /d)
295.83 0 14.38 7.05 6.94
352.53 0 12.63 6.95 7.09
214.05 5.82 10.58 5.82 7.1
5.0 231.42 7.98 11.39 7.4 7.1
166.2 0 15.03 8.27 7.02
281.46 28.41 14.54 10.18 7.01
189.87 0 15.24 9.91 7.02
53.61 12.24 14.17 9.92 7.0
129.09 3.66 15.25 11.44 7.05
Means 212.67 6.46 13.69 8.55 7.04
0 0 19.7 12.01 7.04
0 0 20.09 11.05 7.06
0 0 19.95 12.97 7.02
75 0 0 18.43 12.9 7.0
0 0 19.83 12.1 7.01
0 0 19.54 12.75 7.0
0 0 19.79 12.88 7.04
Means 0 0 19.62 12.38 7.02
0 0 21.63 7.78 7.01
0 0 22.67 3.8 7.05
10.0 0 0 19.65 3.93 7.01
0 0 18.5 3.7 7.06
0 0 19.72 3.55 7.04
0 0 18.27 3.6 7.01
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Appendix Table 7. (Con.) The experimental data show effect of organic loading rate on

parameter changed in methanogenic reactor at experimental operation

period.
OLR VFA Acetic Biogas Methane pH
(gCOD/V/d) (mg/) (mg/) (/d) /d)

0 0 18.3 3.72 7.03
0 0 19.65 3.12 7.0

10.0
0 0 19.95 3.64 7.02
0 0 20.1 3.58 7.04
Means 0 0 19.84 4.04 7.03
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Appendix Table 8. The experimental data show effect of organic loading rate on parameter

changed in acidogenic reactor at steady-state of experimental operation

period.

OLR HRT VFA Biogas Methane COD
(gCOD/I/d) (d) (mg/l) (/d) (/d) (mg/l)
9.66 2.45 0.2 1875

8.01 2.47 0.3 1860

2.5 20.0 7.62 2.56 0.31 1870
9.12 2.87 0.287 1865

0 2.78 0.33 1860

Means 6.88 2.63 0.28 1866
73.18 4.15 1.25 2440

65.1 3.81 1.14 2380

5.0 10.0 55.46 3.76 1.35 2350
79.84 6.15 1.72 2360

40.31 6.50 1.82 2370

Means 62.78 4.87 1.46 2380
227.52 9.84 2.54 4585

193.62 11.41 2.79 4605

7.5 6.67 234.41 10.47 3.13 4635
202.53 11.14 2.46 4630

274.44 11.69 291 4640

Means 226.50 10.91 2.77 4619
390.61 9.6 5.28 6335

387.39 11.24 5.11 6315

10.0 5.0 349.11 10.1 5.26 6295
337.43 10.96 5.42 6300

331.03 13.5 5.62 6310

Means 359.11 11.08 5.34 6311
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Appendix Table 8 (Con.) The experimental data show effect of organic loading rate on
parameter changed in acidogenic reactor at steady-state of experimental

operation period.

OLR HRT VFA Biogas Methane CODb
(gCOD/V/d) (d) (mg/) (I/d) (I/d) (mg/1)
405.24 17.7 6.37 8215

397.3 18.97 6.69 8245

12.5 4.0 430.08 19.67 6.90 8255
446.21 17.05 6.32 8250

522.09 19.32 6.40 8260

Means 440.18 18.54 6.54 8245
1228.72 22.75 6.82 9760

1877.03 25.44 7.10 9745

15.0 3.33 2525.34 24.71 6.91 9755
1853.67 255 6.80 9740

1182 25.33 7.11 9745

Means 1733.35 24.75 6.95 9749
5580.00 25.57 2.26 10475
2540.26 19.43 1.46 15200

17.5 2.86 5701.70 18.10 1.28 19625
1570.92 19.93 1.04 19600
3272.88 19.43 1.00 19615
Means 3733.15 20.49 1.41 16903
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Appendix Table. 9 The kinetic experimental data for substrate removal and produce in

acidogenic reactor.

HRT I/HRT Se Rs Ks Ki
(d) @ (gCOD/1) | (gCOD/V/d) | (gCOD/) (gCOD/I)
20.0 0.05 1.78 241 9.03 0.47
6.67 0.15 4.54 6.80 8.17 1.44
5.0 0.2 6.23 8.74 8.71 2.22
4.0 0.25 8.16 10.44 9.50 2.84
3.33 0.3 9.67 12.09 9.65 3.20

HNGLHA : Snb = 0.0812
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Appendix Table 10. The kinetic experimental data for methane production in acidogenic reactor.

HRT 1/HRT oM Sec Ks Ki
(d) @ (ICH,/1/d) (gCOD/) (gCOD/) (gCOD/)
20.0 0.05 0.028 1.97 100.11 5.19
6.67 0.15 0.277 473 108.78 24.36
5.0 0.2 0.534 6.42 118.59 34.89
4.0 0.25 0.654 8.35 120.50 4591
3.33 0.3 0.695 9.86 112.37 54.33

HNGLHA : Snb = 0.0812
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Appendix Table 11. The kinetic experimental data for methane production in methanogenic

reactor at steady state of the experimental operation period.

OLR HRT VFA Biogas Methane CODb
(gCOD/l/d) d) (mg/l) (I/d) (I/d) (mg/l)
35.90 7.63 2.29 1260
34.92 7.42 2.67 1265
1.1 13.5 9.71 7.51 2.25 1250
0 7.76 2.79 1260
0 7.18 2.15 1265
Means 16.11 7.50 2.43 1260
10.56 7.21 3.53 1540
8.73 7.73 3.79 1580

2.5 6.0
9.45 7.37 4.05 1565
14.07 7.86 3.85 1555
10.98 8.42 4.13 1560
Means 10.76 7.72 3.87 1560
166.2 15.03 8.27 2160
281.46 14.54 10.18 2165
5.0 3.0 189.87 15.24 9.91 2155
53.61 14.17 9.92 2150
129.09 15.25 11.44 2160
Means 164.05 14.85 9.94 2158
0 19.95 12.97 2880
0 18.43 12.90 2860
75 2.0 0 19.83 12.10 2875
0 19.54 12.75 2880
19.79 12.88 2870
Means 0 19.51 12.72 2873
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Appendix Table 11 (Con.) The kinetic experimental data for methane production in

methanogenic reactor at steady state of the experimental operation

period.

OLR HRT VFA Biogas Methane CODb
(gCOD/I/d) (d) (mg/l) (/d) (/d) (mg/1)
0 18.27 3.60 2950

0 18.3 3.72 2870

10.0 1.5 0 19.65 3.12 2860

0 19.95 3.64 2890

0 20.10 3.58 2870

Means 0 19.25 3.53 2888

MIMANUIN 12 Had ldanmssnaanamansvesmsldamsensdmivaii
wanaa ludINaniiny

Appendix Table 12. The kinetic experimental data for methane production in methanogenic

reactor.
HRT 1/HRT Sc Rs Ks Ki
d) (d'l) (gCOD/N) (gCOD/l/d) (gCOD/N) (gCOD/N)
13.5 0.07 0.31 1.02 1.90 0.02
6.0 0.17 0.61 2.24 1.71 0.07
3.0 0.33 1.21 4.28 1.77 0.19
2.0 0.5 1.93 6.06 1.94 0.38

HNYLHA : Snb = 0.9466

MIMANUIN 13 Had ldnmsmuIasanamans veImIas Hanaan sy
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Appendix Table 13. The kinetic experimental data for methane production in methanogenic

reactor.
HRT 1/HRT oM Sec Ks Ki
(d) @) (ICH,/1/d) (gCOD/N) (gCOD/N) (gCOD/1)
13.5 0.07 0.49 1.19 10.48 0.36
6.0 0.17 0.77 1.49 9.78 0.42
3.0 0.33 1.99 2.09 8.31 1.06
2.0 0.5 2.54 2.80 8.44 1.46

HNYLHA : Snb = 0.9466
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Appendix Table 14. The kinetic calculated of substrate removal rate in UASB reactor.

HRT 1/HRT TCOD .
) @ (e
20.0 0.05 1.866
6.67 0.15 4.619
5.0 0.2 6.311
4.0 0.25 8.245
3.33 0.03 9.749

Y
d v

Y 1
a$19n5 15z nINAveeEsoUNI dNrua (TCOD,,) vauindeh Inasoning

Unsalfua I/HRT oAl Snb fail
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Appendix Figure 1. non-biodegradable substrate concentration in UASB reactor.
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Appendix Table 15. The kinetic calculated of UASB reactor.

HRT 1/HRT TCOD,,, Sc Rs Sc/Rs
(d) @ (g (gCOD/)  (gCOD/Vd)

20.0 0.05 1.866 1.7848 2.4067 0.7416
6.67 0.15 4.619 4.5378 6.8037 0.6669
5.0 0.2 6.311 6.2298 8.7378 0.7130
4.0 0.25 8.245 8.1638 10.4387 0.7821
333 0.03 9.749 9.6678 12.0874 0.7998
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Appendix Figure 2. The relationship between Sc and Sc/Rs of UASB reactor.
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Appendix Table 16. The kinetic calculated of UASB reactor.

HRT Ks Ki
(d) (gCOD/) (gCOD/)

20.0 9.03 0.47

6.67 8.167 1.44

5.0 8.71 2.218

4.0 9.497 2.84

3.33 9.60 3.20
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Appendix Table 17. The kinetic calculated of UASB reactor.

HRT Rs Exp. Rs Theor.
@) (gCOD/I/d) (gCOD/N/d)
20.0 2.407 2.537
6.67 6.804 6.82

5.0 8.738 9.175
4.0 10.439 11.23
3.33 12.087 12.225

B Rs Exp.
16

ARs Theory
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Appendix Figure 3. The relationship between Sc Rs (Exp.) and Rs (Theor.) of UASB reactor.
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Appendix Table 18. The kinetic calculated of methane production rate in UFAF reactor.

HRT 1/HRT Om
(d) @) (ICH,/1/d)
13.5 0.07 0.486
6.0 0.17 0.774
3.0 0.33 1.988
2.0 0.5 2.544

9 [ o 1 a = d’ Yo o a
A3 ANUTUNUTZHINIHANAAVOIUN Y (om) ﬂ"lmumﬂmﬁmmmm

(% U (% 9 1 dy
AUA1 I/HRT #9n3 14198193

3
25 | ’
2
i
£
S 15-
o y = 5.1375x 40.0685;
R? = 0.9737."
05 -
0 | | | | ‘
0 0.1 0.2 0.3 0.4 05

1/HRT (d")

Y v o J 1 @ a @
ﬂ"I‘WWN'Jﬂﬁ4 ﬂiWV‘ILLﬁﬂ\‘]ﬂ'N?Jﬁ?JWu‘ﬁiZW'JN’E'J?IiWﬂTiﬁ%}NWﬁWa@lﬁl“ﬂu(QM) N1 1/HRT

]
=1

n1AsunmImuInuItIHaniling (UFAF)

Appendix Figure 4. The relationship between OM and 1/HRT of UFAF reactor.
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Appendix Table 19. The kinetic calculated of UFAF reactor.

HRT I/HRT TCOD,, Se om Sc/Om
() @ (g (gCOD/)  (ICH,/I/d)

13.5 0.07 1.26 0.3134 0.486 0.6448
6.0 0.17 1.56 0.6134 0.774 0.7925
3.0 0.33 2.16 1.2114 1.988 0.6093
2.0 0.5 2.87 1.9264 2.544 0.7572
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Appendix Figure 5. The relationship between Sc and Sc/OM of UFAF reactor.
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Appendix Table 20. The kinetic calculated of UFAF reactor.

HRT Ks Ki
@ (gCOD/N) (gCOD/N)
13.3 10.47 0.36

6.0 9.78 0.42

3.0 8.31 1.06

2.0 8.44 1.46
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Appendix Table 21. The kinetic calculated of UFAF reactor.

HRT Qm (Exp.) Qm (Theor.)
d) (ICH,/I/d) (ICH,/I/d)
13.5 0.486 0.478

6.0 0.774 0.805

3.0 1.988 1.906

2.0 2.544 2.573
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Appendix Figure 6. The relationship between Sc and Sc/Rs of UFAF reactor.



