21
211
)
(Scotch Whiskey)
2)
(Brandy) (Champagne)
3)
(Rum)
2.1.2
D
3
3
4.0 8-10
(beer) (mash)
2)

9597

(Fruit Distilleries)

(alcohol) '
(Grain Ditilleries)
(Wine)

(Molasses Distilleries)

4 (2

(Fermentation) (molasses)

PO IVEE
(yeast)

34-35 pH

(Distillation)
50



3) (Raw Alcohol Production)

50
28 28° (28 degree)
7
z l ” e vindnatiaus
mnthaa SR VRN R ToR ] ) Vo
B YTURDLEW
Y
0 v v
AAUATIULTN » UNNdn

A

(oANDFDS 50%

{ S S
WIaaLeu

¥
o

AUATIN 2

Y

(ANIRA 95-97%

Woanld'ld

1DANDIDA35%

Y

1598, nau, 500

A4

- v : a =
LDINAWUIUIIND

A

q31911 28 Ang

a &
nsesauveu

A

Uiz ey

Y

Yune 7 3

A

UTIYVIA

> UNA19190

MU
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yn  fit * 7 Ml
UnMfilflufrn tittfié

4) (Blended Liquor Production)
9597 I ‘
35 35 ° (35 degree)
7
2.1.3
1 2
1) BOD 2,500 - 35,000
5-10
) BOD 10-450
BOD

(Mash  Distilling ~ Column)

(sucrose)
(fructose) (raffinose) (copper  reducing
substance)
(caramel)

( elanoidin)
(amino acid)



2.14 (molasses waste water treatment)

(2527)
1) (Evaporation and combustion)
60%
1,000
(02)
2) (Evaporation)
1 .. 28 20
3) ? (Anaerobic digestion)
(activated sludge process)
15-20
1 .. BOD 80 %

100-200 1
BOD

4) (Composting)



1

100

(Storage lagoon and land application)

6
6 BOD
3,000-6,000 /

(N-P-K)

10-20

(road spray)

(fish farming)

0.6

(direct agriculture use)

21

80-90 %

BOD
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(-) 150

(-) 140

2527)



1974

2.2

221
2536)

/

CaD

BOD

/

80-90%



2.2.2

10



1 'l (Hydrolysis)

(extracellura enzyme)

2 (Acidogenesis)
1
(fermentation)
(volatile
acids) 5
(Acidogenesis)
2.2
(hydrogenogenesis)
' 1

(non-methanogenic  bacteria)
(obligate
anaerobes)
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22 (  253)

( Lipids Polysaccharides Protein Nucteic acids
Hyc‘ . l l l i l
" Falty acids Monosaccharides Amino acids Purines & Simple

e

Methanogenic substrates
H,, CO,, lormate, methanol,
methylamines, acetale

L Mathane + carbon dioxide

2.3
(Metcalf and Eddy, 1991)
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(volatile fatty acid)

Embden-Meyerhof pathway (EMP)  Glycolysis

2.2
(Flechter 1990)
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EMP (Embden-Meyerhof Pathway)

1
06 D6+2NAD++2ADP +2P ....... ) 2CHXOCOOH +2 NADH +ATP (2.1)
NAD+ NADH
+ NAD+
2 NADH oo ) 2NAD' +H2 (22)
@
(CHjCoA)
2CHLOCOOH +2 NAD' .........ccoe ) 2CH3CoA +2 C02+ 2 NADH (2.3)
ATP
2 CIICCA+2ADP +2P ...oovvvvrccrnn ) CHgCOOH + 2 ATP (24)
e @
CeHi06 +2HAD) +4 ADP +4P ............. ) 2CHO0H +2C0.+4 H, +4 ATP  (25)
H2 utilizer

B+ HCOs ) CHe+3HD 26)
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H2Utilizer
+ 1 NADH
NADH+ H+
CH3COCOOH + 2NADH + ADPH+P i ) CHsCH2COOH+2NAD+ ATP+H20 (2.7)
1 2
1 acetyl CoA
CH-COCOOII+ NAD" i ) CHsCoA + CO02+ NADH (2.8)
+
NADH H+
acetyl CoA
CilsCoA + NADH s ) CHsCOOH + H2+ NAD' (2.9)
ORCHRN )
CeHi20 6+ 3ADP + 3P s ) CH3COOH + CHsCH2COOH + C02+ H2+ 3ATP (2.10)
3 acetogenesis)
' ( )

( ethylamine) ( )
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2x 103
9x 103
CH:CHXOOH +2HD ... ) CH.COOH + C0. + 3H, (2.11)
CHsCH.CHZCOOH +2HD) .......... ) 2CHXOOH + H (2.12)
3 ,
4 ( ethanagenesis)

6.8-7.2

(hydrogenotrophic
ethanogen  hydrogen utilizer)

B4 Q) ) CH. +2HD +324 keal (2.13)
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(acetolastic methanogen)

CHCOOH ) CH, +C0; I 671 keal (2.14)
(2.14)
( 1
(2.14) )
CHJCOOH +4H2 .......... » 2CHA+ 2HD +39.01 keal (2.15)
(2.14)
4%
H, |
|
28%,
e 76% Higher 1
z::zcs {—- o;?;:scc — : CH,

1 52< {
! 20% | acetc !
' \ 2 acid {
I ! |
1 | |

} Stage 1. \ Stage 2. | Stage 3

1 Hydrotysis and 1 Acntogeness and | Methane

{ lermentalion | denydrogenation | fermentation

24 (Metcalf and Eddy, 1991)
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23 (UASB)

231
2.5

2 2.6
1) (Feed inlet system)

) (GSS)

45-60
GSS

2.1

4 (i
Bogas 8iogas
1

@ ®)
Effiuent nflyent é&
?"fi‘.’?‘% i Filler o1
o medam’

! Reclrculation

§ (optiona) Gl

TRX

infoent ] [Eftluent
© g Biogas Biogas
(©) o’
thuent Effluent
— Effiuent = 1
l molete w -
3 mix
N
Shudge blanket
“ infient I infivent | .
Influent =
Bogas Bogas

() Q)]
Plastic N Effluent Effluent ! -‘1

N
N
Sludge blankel @—— Sludge bed
influgnt

Influent

2.5 (high rate)
(Van Haandel and Lettinga, 1994)



2.1

2.6

GSS
(Van Haandel and Lettinga, 1994)

19



bed)

40-100 kg vssim3

GSS

(Wash out)

50%
10% dewatering

20

(Sludge
(Granular)

(Start  up)



(

1)

)

9

)

2)

(wash out)
3)
4)
6.5-7.2

9)

6)

1)

(intermediate)

2.3
, 2530)
Anaerobic filter

Investment
Operation cost
Control
Loading
Shock load
Digester size

Start-up

(start up)

Anaerobic
contact

»nm jiaij
W/ « HBI8» A

halogenated solvents

2.3

Anaerobic UASB
fluid bed
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233 Granular Sludge (
", 2536)
2
Granular Sludge
(Seed sludge)
Granular Sludge
1) sarcina granules methanosarcina
(over loading)
1,000 /. pH 6 sarcina granules

(methane production activity)
2) rod-tvpe granules

3 . VS 90%
sugar beet wastewater potato-
processing waste ethanothrix soehgeni
3) filamentous granules
(filamentous bacteria) 5
inert carrier material VS
1,000 /.
4) spiky granules
CaCQg 60%
1. 05 . settling velocity 2-90
activity

CaCOg



Granular Sludge Methanotrix Aggregates Rod
Methanotrix 2.8

Hydrogcnic acidogens
Sulfase-rcducgcrs

Ml withottns £

R

. .

Bulk liquid & E?

GlucoseI

Aocuse
ploopnste

H

Cam O

Distance
28
(Guiot , 1992)

2.34 (Granules)
Guiot (1992)

(Media)

SEM (Scanning Electron Microscopic)

2.8
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Hydrogenic  acidogens
Sulfate reducers Methanosarcina ~ H2utilizing methanogens
Hydrogenics acetogens H2utilizing methanogens
Methanosarcina Methanococcales ~ Maethanospirillum

Aceticlastic Methanosaeta

H2utilizing 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 1 acetogenesis  methanogenesis
29

acidogenesis (rate limiting step)



(Fang , 1994)

N R 1 _
T | PraagtainatA bacsem meach lajtf

i aouterUy { p .o
Y Hriing

=M1dJk layer: SM + Ma
10% HC*sCeme.rcote: Ma

Bactecial cornzosition 1

\ ==A Acﬁijgt i
SM: Syntfopfic friaccotome*

% a.:Sidh”n“lhrix |p

25

FAJfOicU ttytfttf *tnictcfc o bacierol Comjvmon forthe francia; ircminj velcbk Qitobydrates.

2.9
(Fang , 1994)

Extracellular Polymers (ECP)
Ahring, 1995)
Extracellular  Polymers  (ECP)
ECP
polysaccharide

saccharide

ECP
(soluble nutrients)

ECP

(Schmidt

ECP
ECP
ECP

ECP
ECP
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polysaccharides
polysaccharides 21 61
0.02-0.05% VSS ECP
ECP
2.10 ECP

e t%?
210 ECP
(Schmidt ~ Ahring, 1995)

ECP

ECP
yeast extract
CIN extracellular polysaccharide
polysaccharide ~ ECP
ECP
ECP polysaccharide

methanogenic ~ acetogenic
acidogenic ECP
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(Schmidt
Ahring, 1995)
1 Transport 211
flagella
ACifve movement
Vo
Convection
Dittusion -/ /1 Jo%
@gm Substratum
2.11
(Schmidt ~ Ahring, 1995)
2 Reversible adsorption substratum
(lonic strength)
5 Irreversible adhesion (ECP)
substratum
ECP adhesion
4 Multiplication ECP

ECP
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2.12 2 ECP
(Schmidt  Ahring, 1995)

235 (Process of granulation)
MLSS  MLVSS
3
1) wash-out stage
2 . | .. sludge
loading 1 03 ./ .VSS
(wash-out)

wash-out



2) ftransition stage
transition  stage

03-06 . [ VSS )

3)  progressive granulation stage

2.3.6
(sludge settle ability)
(organic loading rate)
1)
518 .
2) (hydraulic loading rate)

denitrification



(short circuit)
(feed inlet distribution)

3) (flow pattern)
>025-04 [ . <2 /| .
Biogas flux >015-03 ./ ..
4) (sludge hold-up)
settler
2.3.7
)
2
(Thermophilic) 50-60 °
: (Mesophilic) 20-45°
(Thermophilic)
' (Mesophilic) (Mesophilic)
2-3°
2) (Methanogens)
, 1 6. - 2
6.2 (Acidogens)

30

6.0-



6.5

4
(buffer capacity)

1,500-2,000

CaC0

)
(Redox)

500

volatile fatty acid 1 NH3 2

200-400

1,000 /.

1

0.4

(Oxidation Reduction Potential, ORP)

(Substrate)

1.

1,000

1

3l

300-
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7) (Nutrient)

BOD:NP =
100:1.1:0.2 COD:N:P  350:5:1 COD N
100:10
(trace element) , :
( )
Yeast Extract
8) (Toxic)
(NH&) (NH3) 7.2
1.2 3
NH3+
(042

50-100 /.



200

2 10
10,000 /.
238
Sirianuntapiboon
COD
10 BOD 80
0.1%
35
15
80%

Ohmomo, Daengsubha

(facultative anaerobic)
MDA

Lactobacillus hilgradii

Na+, K+, Mg % 1Ca &
1

(1988)

D-90
2.5%
0.05%

6.0
D-90

70% il

33

2
D-90
BOD
90
0.2%
475
10
17.5%
BOD 90%

(fedbatch) 1

BOD 80%
(1988)

(elanoidin-decolorizing activity)

W-NS
1.0%  02%

28%
0.3%



0.1% 0.5%

1.3 30

40%
Ohmomo, Yahikawa (1988)
Lactobacillus hilgradi W-NS
1%
45 90%
0.05%

7.3
(2543) Acetic acid bacteria
Molasses Pigment Medium

Francisca Kalavathi (2001)
marine cyanobacterium
boryana BDU 92181
0.01,005 01% ( A)
33%, 60.6%  83%

2.3.9
Lettinga (1980)

beet 25

denitrification

50

10

34

45%

Oscillatoria

sugar-



VFA

35

Buis (1982)

Wiegant Lettinga (1985)

1,700-35,110 /. 5.75
55 ° (semicontinuous feed)
VFA
VFA
Seed material
4 86.4
Wiegant Lettinga
1 5.75 seed material

mesophilic granular sludge  digested sewage sludge

5%

rate

mesophilic granular sludge

Sanchez, Cardoba  Sinerigt (1985)
( )

100 35,000-100,000 /.
24 . | ..
9 /. - 58%
1
Seng, Femandes  Paskins (1985) shock load
shock load high rate high

1£1 <550]6
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Endo (1988)
anaerobic sludge

bulking
(2529)
03 .. a e 31,370-80,360 ./ .
23156 . | . - 4.3-15.6
49-66% 194-1,100 /
70-80%
(2529)
13,250-39,750 /. 0.25
265-1.95 . [ . .-
5 58-95% 170-262 |
(2533)
3B° 300 350-4,000
1. 035-235 . [ .. 4-24
90-94% 211350 [ .
74-81%
Cheng (1991)
(55 ) 013 .. 9,801-10,476 ./ .
22-25 . | .- 0.4-5 50-60%
43-536 | 61-77%
Jayadevan (1992)
Cheng 013 .. 10,000
. 19217 . | .- 11-8.6
34-60% 226-435 |
(2545)
1500 /.
36 3 1
2 3
5-10%, 6-13%  11-15% 26-

57%, 49-710%  60-78%



I (2546)

1:3

66,12 24

19.5%

65.6% 64% 55.4%
252% 228%  20%

37

456 7 . |
16.7% 17.3%14.9% 14.9%
21.2% 21.7%20.9%
52% 28.1%

Blonskaja (2003) 49,000-53,000 ./ .
(Anaerobic filter, AF) (UASB) seecro
AF seed UASB
' " HRT 10-19 2551 . ]
AF UASB ~ FHRT 20-39 06-25 . |/
54 93%

24 ,

241

. 1983)

(Expanded Granular Sludge Bed)

(Lettinga

EGSB (Expanded Granular Sludge Bed)

UASB



UASB

(recirculation) EGSB
56 J . UASB
15/ . (Kato , 1994)
EGSB (granules)
UASB
(granules)
( out)
EGSB
UASB T e
Biogas -l
i i Effuent efflucnt >£_\<
L <«
Recirculation

Sludge Sludge bed
blanket

Influent

influent

2.13 UASB  EGSB P
(Seghezzo , 1998)
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2.4.2 (Seghezzo , 998)
1) 4-10 /
UASB 0 .

4) ’ (granules)

5) UASB

7) (flocculent sludge) (wash out)

EGSB
(media) EGSB
(mass transfer) UASB (Kato, 1994)

(Psychrophiles)

(Seghezzo , 1998) EGSB
UASB
(Kato , 1994)
Kato (1994) EGSB
UASB
substrate
substrate

(substrate) Ks
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Kato Ks 2

1) Intrinsic Ks Ks (substrate)
(dispersed
bacterial cells)
2) Apparent Ks Ks biofilm
(granules)
Apparent Ks Intrinsic Ks
biofilm dispersed bacterial cells
wash out9
1
biofilm

Apparent Ks

EGSB
Dolfing (1985)
biolayer biolayer
(mass transfer resistance)
gradient
biolayer Fick (Fick's first law)
F = -0 dClax (16)
F flux substrate
0 biolayer
D diffusion coefficient

dC/dx  gradient  substrate  biolayer
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flux biolayer gradient

biolayer
substrate
Ks mass transfer resistance
Ks gradient
biolayer mass transfer resistance
)
2 Ks substrate
3) biolayer mass transfer resistance biofilm
1
4) biolayer
243 '
Lettinga (1993)
1,000-5,000 /. ,
15000 /.
Rinzema (1993) EGSB
long chain fatty acid 0 .
85-95%
Ching-Shyung (1998) 400
. EGSB 44 56
thermophilic (55 ) mesophilic (30 )
HRT 24 4 7/ . pHT
82-89%

(Vup)
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thermophilic 0%, 49%  39% mesophilic

70%, 59%  53% EGSB
4 | . HRT 10
Seghezzo (1998) EGSB
0 .. |
4-10 | .
D.Jeison and R.Chamy (1999) UASB  EGSB
500 /.
18-105 [ . EGSB 0.6-1.3 ./ . UASB
80%
UASB EGSB EGSB
(Vup)  0.4-025 /.
(outlet
stream) UASB 025 /.
25 | .
EGSB EGSB UASB 5-

10%
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