2.1 (
, 2540)
.. 2537
8.82
191 30
70
2
L (Chips) (Pellets)
2.
3
(Native Starch) (Modified
starch) (Native Starch)
/
/ /
1 ] 1

(Native Starch)



« viovil

01 {
(2540)
5.10 30 - 50
4,000 6,000 ./
60 2400 . J
12000 . |
1 60 - 100
300,000
22
(
2540)
1)
2)
2
3)
0
16 o
0.03

0.025



1-2
60-70
(K) (N) (P)
1.0 .
5)
(Extractor)
3
4 60
- 80 (Mesh) 90 (Mesh)
Counter-Cun-ent
90 - 95
60 ./
02 .
6)
(Separators)
(Centrifugal separators) (Hydrocyclone)

20 ./
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cyclone)

(Sipter)
1.0

12 -

32-
200
(Cyclone)
(Cooling
99.95
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11

12

21

22
23
31
32
33
34
41

42

52

X 100

1 2540)
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(2541) 5

( 561 -
5.88) (- 1317- 1520 ) (10860 - 156% ./ )
(4630 - 7765 /) ( 5,905 - 11065 /)
(  10-40 /) /

( 5.54 - 6.48) (507412165 /)
( 10540-19,048 /) ( 197-292 /) (  T7410- 18885

1) ( 1475- 11330 ) ( 4730- 8875 .

( 13-42 ) ( 4.99-633)
6465 - 12,646 ) ( 1099- 192718 ) ( 28-512
) (12549 - 19844 /) (5790 - 7965 /)

( 5583- 12851 /) (1778 1)



) &1

long chain fanv acid -~ amino acid Sugar
Acidogenic bacteria
Pyruvic acid
Acctic acid Butyric acid Propionic acid
Y Y Y
< Acetogenic bacteria »>
¥
Acctoclastic Methanogens H, utkzing Methanogens

Acetic —> CH,+CO,

H, + CO, —>CH,

2.3

2.3

Hydrolysis

Acidogenesis

Acetogenesis

Methanogenesis

1 254)
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23.1
4 2.3
1 (Hydrolysis)
(Complex Organic)
(Extracellura
Enzyme)
2 (Acidogenesis)
1
(Fermentation)

24



14

CARBOHYDRATE PROTEIN LIPIDS
SUGARS AMINO ACIDS LONG CHAIN
g '
"KETO ACIDS FATTY ACIDS
PYRUVATE
ALDEHYDES - LACTIC ACID
1* /
ALCOHOLS BUTYRIC PROPIONIC <—
ACID ACID
7 ACETIC ACID<—
\
FORMIC ACD
2.4

(Jens McCarty, 1962)



(Methylamine)

9 X 103

CHj CHXOOH + 2H]0

ch3ch2CHjCOOH + 2HX

Embden - Meyerhof

-------- ) CHJCOOH + C02 + 3H2

------------- )~ 2CHCOOH + H2

(Methanagenesis)

6.8-7.2

15

(Acetogenesis)
2
)
2 X 103
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2

L
(Hydrogenotrophic ~ Methanogen Hydrogen  Utilizer)
AHj + C02 e ) CH4 + 2HjO + 32.4 kcal (2.3)

2. (Acetolastic Methanogen)
CHjCOOH = -memmemmemeees ) CH4 + CO2+ 6.71 keal (2.4)

| (24)
(

(2.4) )
CHjCOOH + 4Hj ---emmememeees ) 2CH4 + 2HD + 39.01 keal (2.5)

2.3.2 ( 1 2540)



(Temperature)
99 3
1) Psychophilic Range 5—15
2) Mesophilic Range 35- 37
3) Thermophilic Range 50-55

Mesophilic Range
Psychophilic  Range
Thermophilic  Range

Psychophilic Range 25
g . MESOPHILIC THERMOPHILIC
g
3
3
8
g .
\/ PSYC’_{ROPHIUC
25
( , 2540)
28 -
3-5

Mesophilic Range

17

3



2.6

Speece (1996)

42

2,000

66 82

04 (NaHCO))

(Volatile fatty acid and Total Alkalinity)

1. 5000 /.

McCarty (1964)

1,000

‘n PR %
.602 IN DIGES.TER GAS., PERCENT

ST s . @ .
BIC_ARB'ONATE CONCENTRATION vy Mg/l os Co CO3

(McCarty, 1964)

18

6.2
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(Nutrient)

(BOD : N : P) 100: 11 02
(COD N:P) 350:5:1

(Oxidation Reduction Potential, ORP)
(Redox)

300-500 mV.
(Toxic Substance)

(Toxic)
(Inhibit)

(McCarty, 1964)

(lon or Heavy metal Toxicity)

, Ca+ Mg Nat K+ 2

1 2 Cax Mg
Nat K+ 10
(Antagonism)

Na+ 3500 /.
Ca2+  Mg2+ 50 - 1,000 /.
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1 (Synergism)
(Volatile fatty acid Toxicity)

(Toxic Organic material)

(Alcohol) (Long - chain fatty acid)
(Methanol)
(Continous Feed)
10,000 /.
(Ammonia Toxicity)
(Urea) (NH&)
(NHj) 26
NH4 ) NH3 + H#t 2.6
8 NHj
NHé+
NH4  NHj
(Dilution)
(Sulfide  Toixicity)
(50j2)
(H&04)

50 100 /.



200 /.

2.2 (Kotze

Chemical formula :
Molecular weight
Boiling point a 14.69 psia (760 mm)
14,69 psia (760 mm)
Critical pressure
Critical temperature
Specific gravity
Liouid (at-263.2 F {-164 c})

Gas (at 77 F {25¢} and 14.696 psia {760 mm})
Specific volume at 60 F {25 ¢} & 14.69% psia (760 mm)
Calorific value 60 F(15.5¢) & 14.696 psia (760 mm)

Air required for combustion  ft/ft
Flammability limits

Octane ratio

|gnition temperature

Combustion equation :

Q/CH for complete combustion :
OICH for complete combustion
Q/CH form complete combustion
Q/CH form complete combustion

24

30-40

2

1968)

CH
16.042

-25868 F(-16149 C)Freezing point a
-29646 °F (-182.48 °c)

673.1 psia (47.363 kglem)

-1165 F(-825 °C)

0415

0.000658

20361 ftlo (147 Ugm)

1,012 Btu/ft (38,130.71 KJm)
953

510 15 percent by volume
1

1202 °F (650 c)
CH,+202-—-) C02+ 2HD
398 by weight

2.0 by volume

2.74 by weight

100 by volume

60 - 70

4,500-5,000



2.2
2.5 (Upflow Anaerobic Sludge Blanket)
25.1
2
)
2)
(GSS)
l's Z

AN
(Sludge  Bed)

(Sludge  Blanket)

45 - 60

1 2538)

(GSS)

22
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252 \ ( , 2537)
L
2 1 ( )
(Hydrulic Retention Time : HRT) Lettinga (1980)
4-24 (
1,000- 3,000 ./ ) 3-8 ( 10,000
- 15000 /) 1

(Organic Loading Rate OLR)
Lettinga Hulshoff (1991)

10-15 . |/
( pflow Liquid Velocity : Vup)
Hu (1985) 0.25- 0.4
Campos  Andesson (1992)
0.72-0.96 0.03-0.04 Ramos (1994)

0.25-0.5

(Lettinga , 1983) 1
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15 (Lettinga

, 1983)
(Lettinga , 1983)
2
(Gas - Solids Separator : GSS)
50
55-20
(Lettinga , 1983)
3. (Seed sludge)
10-15 . /
4, (Startup)
Letting (1983)
10-20 . [ .. 0.05-0.1
[
80
253

2.3
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23 ( 2506)

(Start up)

(Washout)

26 Granular Sludge

Granular Sludge
(Seed - sludge)

Granular  Sludge (
, 2536)
1) Sarcina Granules Methanosarcina
(Over  Loading)
1,000 b Sarcina
Granules (Methane Production Activity)
2) Rod-type Granules
3 90

Sugar Beet Wastewater Potato
Processing Waste Methanotrix Soehgenii
3) Filamentous  Granules
(Filamentous Bacteria) 5
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[nert Carrier Material

1,000
4) Spiky ~ Granules
CaCoj 60

1 05 Settling
Velocity 2-90

Activity CaCOj

Hydrogeaic acidogens
Scifatc-reducers
Mecthaaosarcina spp. T~
) H2-using methanogens V. <
Hydrogenic acctogens
-} H2-using mcthanogens

|.Mechanosacta spo.

Bulk fquid

Namport

1004

GipPi

— " T

Conceniration e=—————}

]

.
’
L]
‘
t
L

2.1
(Guiot ~1992)

26.1 (Granules)

Granular Sludge Methanotrix Aggregates Rod
Methanotrix

Guiot (1992)

(Media)
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SEM
(Scanning Electron Microscopic) 3
Hydrogenic  Acidogens
Sulfate Reducers Methanosarcina H2-Utilizing Methanogens
Hydrogenics Acetogens 2- Utilizing  Methanogens
Methanosarcina Methanococcales Maethanospirillum
Aceticlastic Methanosaeta
H2- Utilizing Methanogens
(Low Affinity Ks
) Aceticlastic

Aceticlastic  Methanogens  (

Methanosaeta)
Methanosaeta Affinity (Ks )
Aceticlastic Methanogens Methanosaeta
(Non -
Carbohydrate) Propionate  Oxidizing
Acetogens (Fang , 1994)
Acidogens
(Bulk Liquid)
Acidogenesis Acetogenesis
Methanogenesis ,
Extracellular Polymers(ECP) (Schmidt

Ahring, 199)
Extracellular ~ Polymers  (ECP)



Polysacchaide

Sacchaide

(Soluble nutrients)

Polysacchaides

Polysacchaide 2:1 6:1
0.02 - 0.05

2.8

(Schmidt  Ahring, 1995)

Yeast Extract
C N Extracellular Polysacchaide

Polysacchaide

28
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’ Polysacchaide
Methanogenic Acetogenic

Acidogenic
(Schmidtirn  Ahring, 1995)
1 Transport
Flagella
2 Reversible Adsorption Substratum
(lonic strength)
3 lrreversible Adhesion (ECP)
Substratum
Adhesion
4 Multiplication
2.6.2 (Process of Granulation)
MLSS MLVSS
3
1) Wash-out Stage
2

Sludge Loading 0.3



(Wash out)
Wash out
2) Transition Stage
Transition  Stage
5
( 03-06 . /[ . C)
3) Progressive Granulation  Stage
2.6.3

(Fang Kwong, 1995)

Fang (1994)
3

(Syntrophic microcolonies)

Methanotrix

30



Methanotrix
Macleod (1990) Guiot (1992)
1
(Lettinga Hulshoff, 1991)
(Lettinga , 1980)
Koster Lettinga (1985)
14 20
3 45 .
21
(pflow Liquid Velocity : Vup)
Hu (1985)
0.3 /
/

Hulshoff (1986)

(Pavlostathis

06 .1
0.25

0.4

3

Giraldo, 1991)

05 15



Arcand (1989)

09 6.6 /
Kato (1994)

75
5 60
Ramos (1994)

Omil (1996)

42
Francese (1998)

03
I
100; 1.33:0.22
15 35 60
55 15
(SMA)
05

1.67

(COD :N :P)

63

32

0.5 ./

025 05

05 2
450 :6:1
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Pilot Scale 1. 25
1 19
(Feed Inlet System)

(Short Circuit)
(Dead Zone)

(Lettinga
, 1983) ,
Lettinga Hulshoff (1991)
1,000-5,000
1,500
Fongsatitkul (1995)
Kato (1994)
( 1,000
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(Ks) ,
56
05 - 15
8 75
5 /
05 [ . 50-60
(Samsoon
, 1984)  (Romli . 1994) (Shin,
1992) ( Malaspina , 1996 ) (Decarhonation)
2.8 (Expanded Granular Sludge Bed)
28.1

(Expanded Granular Sludge Bed)

5-6 [ .
05-15 J . (Kato . 1994)
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1994)

2.9
(Seghezzo

35

4-10 ./ . (Seghezzo , 1998)
05-15 ./ . (Kato :

2.9

EGSB ,
Blogas

Effient E 7 >A

Recirculation

e degemd

(A
Influent
, 1998)
(Seghezzo , 1998)
4-10 o, .

40
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4) (Granules)

7) (Flocculent Sludge) (Wash out)

(Mass  Transfer)

(Kato, 1994)

(Wash out)
(Kato , 1994)
(Kato
1994)
Long chain fatty acid 30
[ .- 85-95 (Rinzema
1993)

Kato (1994)
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Ks
Kato? Ks 2
1) Intrinsic Ks Ks
(Dispersed Bacterial Cells)
2) Apparent Ks K] Biofilm
Apparent Ks Intrinsic  Ks
Biofilm Dispersed  Bacterial ~ Cells
Wash out
Biofilm

Apparent Ks

Dolfing (1985)

Biolayer
Biolayer

(Mass  Transfer Resistance)

Gradient Biolayer
Fick (Fick’s Fist Law)
F =-0 DdClx
F Flux Substrate
0 Biolayer
D Diffusion coefficient



Biolayer

Gradient
Mass Transfer Resistance
)
2)  Ks
3)
Biofilm

2.9

29.1

Charin  (1968)

(V.S)

5,500- 7,450

362
6590 /. 45.5

dCldx
Flux
Biolayer

.

38

Gradient Substrate  Biolayer
Biolayer Gradient
Kg Mass Transfer Resistance
Ks
Biolayer
1
Biolayer Mass Transfer Resistance
1
Biolayer
1,950 - 3850 /. 3.8-52
6 715
3150 /.



Uddin (1970)

39

6,000
5 3,680
3 84
2,210
Prasanna (1996)
12,000-24,000 /.
95 % .
4 1 ; )
(2539)
3 1
2 3
12
51 5 10 /
2,500 5000 /. 1
2 3
IO 12 3
81 89 84 127 45
L ) 10 / 12
3 73 85 81
71 8 QAL BN )
(2543) /
8,256-9,090 ./ . ( 6,000-6,800 ./ .)
10 . ' 12 2
/ 8/3 5555 38 7



3
FIMv
5555 2
98.9
7
29.2
Lettinga (1980)
Wiegant De Man (1985)
(2538)
12,000
9.0 120 ./
100:3:1
70
90
69-73
9.0
Kalyuzhnyi (1997)
3

285

0.21-0.26

9.0

12

12.0

9.5

5

25

431-561
/
565-641

3

/

40

98.7 99.2 99.4
2

3 5

FIMv 0.47 0.34
5.5/5.5
Sugar Beet
Denitrification
9,000
24

80-90
83-

20-30



Scale
6.5
6
Ayoob
75- 90
67
300
Show
72,000 /.

Activity, SMA) 500
41.2
100

20 40 80 160

41

90 Pilot
24 3
9
4
(2547)
6 24 12 8
906-1193 1,043-1544 1,085-1,587 1312-1514 .
61.6 - 89.8
24 89.8
212-575  246-740  350-584  365-448 [ .
24 89.8
176 - 257
5,366 - 11,264
12
(2003)
13 39
2-1
3,000-4,500 /.
30
200
(2004)
30,000 /. (Specific  Methanogenic
" (Sludge Volume Index, SVI)
: 101
680 4.4 6
(Cationic Polymer) (Coagulant aid)
320 2-6 1
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104
2-40 Bt
4
5,000
Sludge Volume Index (Settling
Velocity , SV) 72-93
1,400-2,500 ' 11,200-62,000
7,500-54,400 Sludge Volume Index 19-36.3
26.7-64.2
Halalsheh (2005) 96
Two-stage Single-stage
1,531 18 25
Two Stage 36-50
[ .- First stage 29-46 . [ .- Second stage.
First stage 51 60
econd stage First Stage
Single-stage
62 15
; 0.5 ingle-stage
293
Lettinga (1993)
1,000-5,000
‘ 15,000
Rinzema (1993)
1 Long chain
fatty acid o 1

85- 95



Rebac (1995)
43 5
1,000
[ - 1
120 80-90
Ching-Shyung (1997)
44 Thermophilic (55
(30 ) HRT 24
82-89
Thermophilic
Mesophilic 7059 53
4 . HRT
(2546)
5,000
510 1 . 1 .
3 5 10
50 51 53
652 601 578 5
51 53 55
Jeison  Chamy (1999)
" 0 '
[
50 10 /.
( 80

43

10

12
240

400 /.
) Mesophilic
14 7

70 49 391

R

656 603  58.2

0.5 }0 —

08 . I/



5
Richard (2000)
Oxalic Fumaric Acetic Formic Acids
0 17
Oxalic ~ Fumaric Acids
90 98
Acetic Propionic Butyric Maleic Glyoxylic
3 .
Zhang (2001)
6,000 ./ .
2
Li-Bing (2004)
7
HRT3.5-5.7
96 83-94
76-81 HRT

8.8 25

6
98
18 5
8 12
Benzoric Acids 24
90
29
11-25
11
35—l .
142 1

44

Maleic

Maleic
/

90

85-
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