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1

1. 1

Vinasse

2004

7 180 2011 3

4 2580

19

14 73%

2011 3

http://www.alic.go.jp/joho-s/

joho07_000311.html

3

Saccharomyces

2

1

10

80,000~130,000 mgCOD/L

1

2

3 4

37

3~7

Upflow Anaerobic

Sludge Blanket: UASB UASB

1
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UASB

USSB Upflow Staged

Sludge Bed

USSB

GSS Gas Solid Separator

USSB

USSB

UASB

DHS Downflow Hanging Sponge

UASB DHS

SR-86-2009

USSB UASB DHS

COD

/

/

1.2

2
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1

2

/

1

USSB

USSB

UASB DHS

2

COD

2
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2

1

2. 1

2.1.1

USSB

2.1.2

a

COD

1 COD 120,000 mgCOD/L

KM-70 Shin-Etsu Silicone

 iuchi200TCN 14

b

3

USSB UASB

DHS 2

 20.7 L

13.7 L  7.0 L 259

 32.4 L 22.6 L  9.8 L

USSB  15.3 L 13.4 L

0.85 L GSS 0.35 L UASB

 9.7 L  8.8 L GSS 0.9 L

USSB UASB HRT

 Hydraulic Retention Time

DHS

 165 cm  20 cm  2.5 cm

3.4 L  6.8 L HRT

140

TJA-450 AS ONE 35

USSB UASB

35 DHS

18~30

USSB 3

GSS

USSB UASB

DHS DHS

3 L/min

c

USSB UASB

VSS/SS 0.67 SVI 8.6 mL/gSS 13 mL/gVSS

USSB  315 gVSS UASB 160 gVSS

DHS

1

d

1 COD 120,000 mg/L
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2 Phase

HRT

e

USSB  25 mM pH 7.0

80%:20%

122 mL

35

120 rpm 5 cm

400 mg/L MgCl2 9H2O 150 mg/L CaCl2

2H2O 500 mg/L NH4Cl

25 mM

50 mL

3
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Duplicate 2

f

Duplicate 2 USSB

224 pH 7.5

9

Na2S 9H2O 33~633

mgS/L 33 mgS/L

t=0

g

USSB UASB 1 DHS 2

DHS pH

B212 HORIBA COD

HACH DR-2500 SS

COD

SS VSS 0.4 μm

GB-140 ADVANTEC COD

pH

COD

WS-1

SHINAGAWA

2 m x 3 mm [ID]

stainless-steal column Unibeads-C 60/80 mesh GC-8AIT

Shimadzu VFA

Volatile Fatty Acids  

2.1 m x 3.2 mm [ID]

glass column Thermon 3000 60/80 mesh GC-2014

Shimadzu

h

16S rRNA

PCR-DGGE Denaturing Gradient Gel Electrophoresis

DNA

Isoil beads beating kit (Nippon Gene Co., Ltd) 

DNA

16S rRNA 16S rDNA PCR PCR

341F-GC

534R PARCH 340F-GC

PARCH519R Touch Down PCR

2.0%

Run Run 1

Phase 1 2 3 4 5 6 7 8 9

Day 0-24 25-53 54-80 81-143 144-180 181-190 191-212 214-235 235-279

COD (mg/L) 3,000 5,000 8,000 10,000 15,000 23,000 30,000 40,000 25,000

��� (mgSO4/L) 110 190 300 370 560 850 1,100 1,500 920

�����	
�  (mg/L) 2,400 4,000 6,400 8,000 9,000 13,800 15,000 16,000 15,000

USSB OLR (kgCOD/m3 day) 3 5 8 10 15 23 30 40 25

USSB�
�������
� - - - - 1:9 1:9 1:9 1:9 1:9

Run Run 2 Run 3

Phase 10 11 12 13 14 15 16 17 18 19

Day 280-329 330-360 361-401 402-417 418-431 432-458 459-531 532-598 599-688 689-777

COD (mg/L) 15,000 22,000 30,000 35,000 23,000 25,000 30,000 43,000 80,000 120,000

��� (mgSO4/L) 560 820 1,100 1,300 850 920 1,100 1,600 3,000 4,600

�����	
�  (mg/L) 7,500 11,000 15,000 17,500 11,500 12,500 6,000 6,000 12,000 18,000

USSB OLR (kgCOD/m3 day) 15 22 30 35 23 25 30 43 30 16

USSB�
�������
� 1:9 1:9 1:9 1:9 1:9 1:9 1:9 1:9 1:23 1:70

2
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DGGE

30~50% 60 3.5 200V

SYBR Green I

DNA

DNA BLAST

 

2.1.3

800

USSB

4 USSB pH COD COD

VFA USSB USSB

 43,000 mgCOD/L Phase 17

19 phase USSB 30

4
A  pH B  COD C  COD D  COD
E  VFA F  SS G  H  USSB COD
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kgCOD/m3 day OLR: Organic

Loading Rate 3

Run 1 Phase 1~9: 0~279 Run 2 Phase 10~13:

280~417 Run 3 Phase 14~17: 418~598

2.2 Run 4 Phase 18~19:

599~777

3,000

mgCOD/L USSB  3 kgCOD/m3 day

HRT

Phase 4 10,000 mgCOD/

L USSB pH

3

Phase 5

9

USSB  30 kgCOD/m3 day Phase 7

Phase 7 USSB

COD 5,000 mg/L COD 75~87%

COD

COD 96%

Phase 8

40 kgCOD/m3 day COD

65% USSB COD 13,000

mgCOD/L USSB VFA 9,660

mgCOD/L 6,750 mgCOD/L

1,740 mgCOD/L 520

mgCOD/L

VFA USSB

15 kgCOD/m3 day Phase 10

Run 1 USSB

VFA Phase 7 61%

Phase 8 49%

Run 2 Phase 10~13 23.6

L HRT

Run 2

Run 1

Run 2 USSB

 30 kgCOD/m3 day Phase 12

 35 kgCOD/m3 day Phase 13

VFA

Phase 12 74% Phase 13 71%

Phase 13 USSB

Run 3

COD 50% 15,000 mg/L 20% 6,000 mg/L

Phase 16

pH 6.3 5.1

4A G Phase 15 16

COD VFA

VFA 40%

70%

82% 15%

USSB

pH

pH 7.8~8.1

30 kgCOD/m3 day

USSB

Phase 17 USSB 43 kgCOD/m3 day

USSB

COD 86.2% COD 90.4%

USSB COD

5,500 mg/L COD 3,500 mg/L

USSB

380 gCOD/day 80%

4H USSB

 62.9%

36.5%  0.4%  0.2% GSS

USSB GSS

1 34% GSS 2 38%

7

Phase 17 532 ~598 USSB pH

6,000 mg/L 2,000 mg/L 553 0 mg/L

560 USSB pH 7.5
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pH 4

VFA

USSB

USSB 567

43,000 mgCOD/L

6,000 mg/L

VFA USSB

570 USSB

pH

USSB

Phase 17 1,600

mgSO4/L 530 mgS/L 4G

USSB USSB

USSB

COD 3%

USSB

USSB

USSB

2.1.4 USSB

a USSB

USSB

 Phase 17 43 kgCOD/m3 day

570

5 USSB

COD VFA USSB

1 9

COD 6,770 mg/L USSB

COD 60 cm

3,370 mg/L

VFA 3,220 mgCOD/L

VFA  520 mgCOD/L  230

mgCOD/L  90 mgCOD/L  2,380

mgCOD/L

USSB

/ VFA

USSB

60 cm

370 mgCOD/L USSB

OLR 43 kgCOD/m3 day

5 USSB 6 USSB
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b USSB

6 220 Phase 8

USSB

500 mgS/L

pH 6.0~6.3

Ka1=1.1x10-7 pKa=6.93

pH

150 mgS/L

350 mgS/L

Unknown

S0

USSB 237 mgS/L

USSB GSS

GSS 1 70 mgS/L GSS 2 80

mgS/L GSS 3 62 mgS/L 29 mgS/L

USSB

Unknown USSB

GSS

GSS

USSB 15 Nm3

biogas/m3 day

USSB 110 mgS/L

USSB pH 7.6

20 mgS/

L USSB

GSS

USSB

USSB

2.1.5

a USSB

7 USSB

38 gVSS/L

60 gVSS/L

USSB

SS

GSS

USSB SS

b USSB

7 USSB

8

23.6 gVSS/L

233 40 gVSS/L

 43 kgCOD/m3 day Day

584 38.8 gVSS/L

USSB

8 USSB

233 326

USSB

USSB

SS

10,000~43,000 mgCOD/L 10~43 kgCOD/m3 day

USSB

USSB

259 HRT

USSB

SS
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VSS/SS

X XRD

CaCO3

9

pC-pH

COD 15,000 mgCOD/L

 10-2.55 M 35 pH 7.5~7.9

10-1 M 9.0 gNaHCO3/L

USSB pH

pH

USSB pH

c USSB

10 USSB

USSB

178

0.88 gCOD/gVSS day 2.6 gCOD/

gVSS day 0.48 gCOD/gVSS day

0.48 gCOD/gVSS day

43 kgCOD/gVSS day

584 1.2 gCOD/gVSS day

1.7 gCOD/gVSS day

7 USSB 8 USSB VSS/SS
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USSB

VFA

1.1

gCOD/gVSS day

506 USSB Port 1 3

USSB

COD

11 USSB

584

0.31 gCOD/gVSS day

0.07 gCOD/gVSS day

USSB USSB

0.2 m

USSB

USSB

9 USSB X

10 USSB 35

11 USSB 35

12
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USSB

USSB

2.1.6

USSB

12 33 mgS/L

0.45 gCOD/gVSS day

12

50%

500 mgS/L

650 mgS/L

6 40 kgCOD/m3 day 220 USSB

350 mgS/L

GSS

110 mgS/L

pH 7.5

110 mgS/L 10%

pH pH

 USSB pH

7.6 7.8 USSB

pH

USSB

2.1.7

USSB

16S rRNA DGGE 13

14 Domain

Archaea Domain Bacteria DGGE

a USSB

13 DGGE

Lactorcoccus raffi-
nolactis Clostridium tyrobutyricum

Lactococcus Clostridiumm
Firmicutes sugar

degrading acid-forming bacteria

USSB DGGE

USSB

40 kgCOD/m3 day

233 USSB

Clostridium band 4

Lactococcus band 1, 10

USSB
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b USSB

14 DGGE

USSB

Methanocorpusculum Methanofollis
Methanofollis band C

pH 6.0~6.7

233

USSB

Methanobacterium B

Methanosarcinales
D USSB

A C E

234 USSB

1,300 Pa USSB

13 DGGE USSB

14 DGGE USSB
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2.2

2.2.1

43~120 gCOD/L

USSB

UASB DHS USSB

2.2.2

3

4.0

M 4.0 M

1,500

mgCOD/L

2,000 mgCOD/L

/

pH

1.37 gK/L 0.32 gNa/L

1.04 gNa/L

2.2.3

4 USSB UASB DHS

VFA Phase17 18

VFA VFA/ COD 0.63 0.47

Phase 19 VFA 0.14

pH

4.6

pH

18 g/L 24 g/L Phase 19’

Phase 19’ pH 5

VFA 0.23

Phase 17 18

USSB

Phase 18~19’ OLR

3
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USSB Phase 17 USSB

COD VFA Phase 18~19’

USSB VFA

USSB SS

Phase

USSB SS

SS

USSB

ECP

Phase 17 USSB

UASB COD

Phase 18~19’ USSB COD

UASB

UASB

UASB USSB

Phase 17 UASB COD 4,300 mg/L

BOD 700 mg/L DHS COD

1,800 mg/L BOD 40 mg/L

DHS

DHS BOD/COD

COD

95% BOD 99.9% DHS

DHS

2.2.6

DHS

4
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2.2.4

a

15 USSB

USSB 10.7 gCOD/

gVSS day

0.19 gCOD/gVSS day 0.22 gCOD/gVSS

day

8 g/L

16 g/L 10%

16 g/L 31 g/L

10%

Phase 19 19’ : 120 gCOD/L

pH

b

Phase 17 USSB

1.3 gCOD/gVSS day

1/8

7

6~7

15

12 gK/L

9 gNa/L

Kugelman and Chin Adv.

Chem. Ser., 1971

0.32 M 7.4 gNa/L 0.15 M

4.8 gK/L

Phase 17 1.6 gNa/L 6 gNaHCO3/

L 2.0 gK/L Phase 18 3.3 gNa/L 12

gNaHCO3/L 4.0 gK/L Phase 19’ 6.57 gNa/

L 24 gNaHCO3/L Phase 19 4.9 gNa/L 18

NaHCO3/L  6.0 gK/L

Phase 19~19’ COD  120,000 mg/L

0.26 g/L

Phase

15

Phase 

Phase 17 97% 99%

phase 18 87% 97% Phase19’ 67% phase 19:

78% 90% 2

Phase 17 96% Phase 18 84%

Phase 19’ 60% Phase 19: 70%

USSB OLR Phase 17 43

kgCOD/m3 day Phase 18 27 kgCOD/m3 day

Phase 19 18 kgCOD/m3 day Phase 19’ 11 kgCOD/m3

day

OLR Phase

OLR Phase 17

96% Phase 18

60% Phase 19 40% Phase 19’ 25%

USSB

OLR

pH8

Rinzema et al., Enzyme

Microb. Technol. 10, 24-32. 1988 Phase 17 USSB

pH 8.0~8.7 pH

7.0

phase 18~19’
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USSB

UASB

2.2.5

Phase 18 Phase 19’

Phase 17 2 3 USSB

USSB

Phase 18 Phase 19’ USSB

2.2.6

5

USSB

UASB

USSB

50~60%

DHS UASB

1  DHS

15
A  B  A C  

D  C
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DHS

1  DHS

1  DHS

BOD 1  DHS

 DHS

DHS

DHS UASB

USSB

pH

DHS

/

2.2.7 Vinasse

Vinasse

6

COD

USSB UASB

DHS 16

8.5 L USSB 12.7 L UASB 13 L DHS 4.1 L

7

 HRT 20 L/day 10 hr

USSB 20 L/day 15 hr UASB 19.5 L/day 16 hr DHS

10 L/day 10 hr USSB

2

5

6 Vinasse



20

USSB 28.8 275-291

 17.0 kgCOD/m3 day

15,800 mgCOD/L

11,100 mgCOD/L USSB 6,680 mgCOD/L

USSB VFA  125 mgCOD/

L  194 mgCOD/L  49 mgCOD/L

92.3%

USSB  321 809 gVSS/reactor

63.7 gVSS/L

340

35

 0.26 gCOD/gVSS day  0.24

 0.16  0.37 0.32

pH

133 gVSS/reactor 15.6 gVSS/L

USSB

UASB DHS 241~300

USSB  6,690 mgCOD/L

UASB  6,120 mgCOD/L DHS  5,400 mgCOD/

L

COD

BOD USSB 630 mgBOD/L UASB

380 mgBOD/L DHS 195 mgBOD/L

2.3

2.3.1

16

7
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UASB

2.3.2

a

17 UASB UASB

UASB 78 cm  5 cm  2.0

L 35

UASB

8 UASB

COD UASB COD

Phase 1 3 kgCOD/m3 day

UASB

 Phase 2

UASB

b

UASB

pH COD VFA

c

61 112 202 UASB

35

80%:20%

4.0 M

17 UASB

8 UASB
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2.3.3

18 COD A

COD VFA B UASB

0 8

COD 1,500 mg/L Phase 1

9 3,000 mg/L

Phase 2 3

COD

2,500 500  mg/L COD

290 90 mg/L 130

mgSO4/L UASB

UASB 85%

64

UASB

Phase 3 COD

VFA COD

Phase 3 4 UASB

VFA

267 Phase 5 UASB VFA

UASB

UASB

246 260 mM 10.3 gK/L

35 mM

60%

UASB

3 kgCOD/m3 day VFA

UASB

2.3.4

4.0 M KCl

300 mM

11.73 gK/L KCl 10

1 10 60 180 10

11

18 UASB
A  B  C  

19 KCl
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19

KCl

0.31 gCOD/gVSS day KCl

10

2.3.5

20 UASB 61 112 202

KCl 100 11

61 Phase 2 35 mM

gCOD/gVSS day H2/CO2 1.8

0.49 0.07

35 mM 100%

600 mM

23.5 gK/L 300 mM 11.7 gK/L

280 mM 10.9 gK/L

202 Phase 4

61 112

COD

UASB

 VSS

112 202

61

UASB

20
A  Day 61 B  Day 61 C  Day 112 D  Day 112 E  Day 202 F  Day 202
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3

2

2.4

2.4.1

100~200

2

21
A  B  C  D
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2.5.1

COD

/

/

Vinasse

/

2.4.2

Phukieo Chaiyaphum, Thailand 2010

11

22

0.4 m 0.9 m

2

9 /

T1

T2  

T3  

22
A  B  C  

9
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T4  

10

/ 2

4

50 kg/rai rai: 1600 m2 20 g/pot

0 15-15-15 N-P-K

15 21-7-18 T3

Vinasse COD

117,300 mg/L 210 mg/L

247 mg/L T4

15 kgCOD/m3 day

Vinasse

DHS COD

1,800 mg/L 130 mg/

L 25 mg/L

 19 cm  20 cm

1.99 L 2

0 1 2 3

1 cm

60 mL

15 mL

2 30 mL

FID

GC-2014, Shimadzu, Japan ECD

Agilent 6890 USA

13

CCS

Commercial Cane Sugar

16S rRNA

PCR-DGGE

16S rRNA

DNA

Isoil beads beating kit Nippon gene, Japan

806 bp 16S rDNA PCR

A109f-m 5’-AM DgC TCA gTA ACA

CgT-3’ ARC915R 5'-gTg CTC CCC CgC CAA TTC CT-

3' rDNA TOPO-TA

cloning kit Life Science Technologies japan Ltd.

rDNA 3130 genetic analyzer

Applied Biosystems Japan Ltd.

ARB

2.4.3

23

0

T2 T3 516~545 μgCH4/

m2 hr

T4 352 μgCH4/m2

hr

T1

T2~4 /

/

T2/T3 T4

T2/T3

/

2~20% Yagi et al., Soil Sci.

Plant Nutrition, vol.40(1), pp.29-37, 1994

3

0

3
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10 /

T2~4

10

T4

/

2.4.4

24

0

52~94 μgN2O-N/m2 hr

Watanabe et al., Nut. Cycling

Agroecosys. vol.57, pp.55-65, 2000

T1

/

16 0.7~18

μgN2O-N/m2 hr

10

2.4.5

/

16S rRNA

PCR-DGGE

T1

16S rRNA

/ 0

80

58 Crenarhaota
Crenarchaeota extremohiles

22

Euryarcaeota 25

Euryarchaeota NIES Thai soil

Methanosarcina thermophila
10/80

Methanocella paludicola 7/80

Methanosarcina thermophila
50

H2/CO2

0.3-0.5 M NaCl

Methanosarcina thermophila

Methanocella paludicola
Rice Cluster I 16S rRNA

23

24
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35 37 H2/CO2

Methanosarcina thermophila
Methanocella paludicola

2.4.6

26

2012 1 16 13

27

CCS

10

T4

T1

T2 T3

T4 T1

 15,000

mgCOD/L

T2 T3

T2 T1 T4

T3

T2 T3

25 16S rRNA
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2.4.7

COD

2% v/v 100

COD 80~90

1 3 300 400 baht 750 1,000 1 baht =

2.5

2.5

2.5.1

26

27

10
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11

12

120,000 mgCOD/L

9.5~11

240~241 kgCO2/m3-

2.5.2

UASB 2008

2009 5

COD 150,000 mgCOD/L

55~65% COD

HRT 90~180

COD 60-80% 13

������� 858 MJ/m3 (21.93 L-A crude oil/m3-
����)

���	
��
��� 68.43 kWh/m3 (-37.98 kgCO2/m3-�
�)

������ 1.95 kWh/m3(1.08 kgCO2/m3)

������ 3.28 kWh/m3 (1.24 kgCO2/m3)
�������� !" 1 ~ 2 kWh/m3

(0.56 ~ 1.11kgCO2/m3)

����#$%�&' 0.49 kgCO2/m3

�( 6.23 ~ 7.23 kWh/m3

(3.37 ~ 3.92 kgCO2/m3)

)*+,-./0(1) - (2) 56.0 ~ 57.0 kWh/m3

(�129.5 ~ 11, ��34)

56CO2 34.06 ~ 34.61 kgCO2/m3-��

789:	
;<=>�

��?@&
����A

BCDEFGH�

206.25 kgCO2/m3-��

���EFI��JKL


�������

11.40 kWh/m3-��

(2) ����>MN)*+,-OPQ

(1) ����MN)*+,-./Q

(3) )*+,-.//OP�RS�F

TU0VW����789:"

11

12

13 Vinasse
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10

UASB

2 BOD

2.6

USSB

UASB DHS

1

USSB

11~43 kgCOD/m3 day

120,000 mgCOD/L

14

USSB

USSB

 43

kgCOD/m3 day COD  86.2%

 80%

USSB

GSS

USSB

43 kgCOD/gVSS day USSB 38.8

gVSS/L

60 gVSS/L

SVI 20

mL/gVSS

1.7 gCOD/gVSS day

1.2 gCOD/gVSS day

43 kgCOD/gVSS day

43,000 mgCOD/L USSB COD 5,500 mg/

L  120,000 mgCOD/L

USSB 11 kgCOD/

m3 day COD 29,500 mg/L

UASB

DHS
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/

9.5 11 240-241

kgCO2/m3-

UASB

UASB 10

2
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1
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