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Development of a highly efficient methane fermentation reactor for cellulosic
biomass incorporating spatial segregation of bacteria
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In order to convert cellulosic biomass to methane with high efficiency in
methane fermentation, the inside of the reactor is slowly stirred (rotational speed of stirrer: 10
rpm), and cellulose and its decomposing bacteria settle to the bottom of the reactor. Optimal
operating conditions and processing limits were determined by varying pH and cellulose volume

loading.

The results showed that methane conversion was highest (74 %) at pH 6.6, and cellulose accumulated
at pH 6.0. At pH 6.6, both methane conversion and cellulose removal were good at a cellulose volume
loading of 2.0 kg/m3-d, but cellulose accumulated at a cellulose volume loading of 3.1 kg/m3-d.The
flora of acid-producing bacteria varied with pH and cellulose volume loading.

pH




80 5 %
27
1998
1.3kg/m3 d
COD
50 80
(1)
pH
SRT
35
HRT
pH HRT 8.0
pH 7.0

pH

14

HRT

1L

10 rpm

10 rpm

pH 7.0
pH 6.5

pH 6.6

67

50

A
C H27 29
100 rpm
2.0 kg/m3 d
10 rpm
pH pH
pH
2 kg/m3 d
SRT
pH
10 rpm
pH
10000 mg/L
pH
pH 6.5 pH 6.0
pH

HRT 8.0 5.0 3.2



1.3kg/m3 d 2.0kg/m3 d 3.1kg/m3d

SRT
SRT
40 mL 125 mL
125 mL pH
SRT 110mL pH
15 mL SRT 10 15
SRT
pH 7.0 HRT 8.0
pH
pH
pH 6.0 pH 6.0
pH
pH COD
SS VSS
(3)
(2)
2500 mg/L
1250 mg/L
1 1250 mg/L 2
2250 mg/L 250 mg/L 2500 mg/L
10 mi 30 ml 120 ml
35 BMP Biochemical Methane Production Test
BMP
1
COD
P=Y[1-exp{-k(t—-2)} 1
P mgCOD/L Y
mgCOD/L  k d d A d
()
800rpm 10
DNA PCR
DNA 16S rRNA V4
(1) pH
pH pH 7.0 pH 6.5 pH 6.0
pH 6.0
5
pH 7.1 290 mL/L d(260 mL/L d 320 mL/L d)
55 %(50 % 61 %) pH 6.6 380

mL/L d(360 mL/L d 400 mL/L d) 74 %(69 % 77 %)



pH 6.0 220 mL/L d(140 mL/L d 300 mL/L d)
43 %(28 % 59) pH 6.6
pH 7.1 pH
pH pH

o O
o o

pH 7.1 62 (28 % 83 %) pH 6.6
65 (50 % 72 %) pH 6.0
5 @% 9%
pH 6.0

@
pH pH pH 6.6 HRT 8.0 5.0 3.2
1.3 kg/m* d 2.0 kg/m* d 3.1 kg/m*® d
1.3 kg/m* d 380 mL/L d(360 mL/L d 400 mL/L
d) 74 %(69 % 77 %) 2.0 kg/m*
d 620 mL/L d(550 mL/L d 640 mL/L d)
74 %(67 % 77 %) 3.1 kg/m® d
970 mL/L d(920 mL/L d 1000 mL/L d) 73 %(69 %
76 %)
74 %
1.3 kg/m® d
65 (50 % 72 %) 2.0 kg/m* d
55 (34% 73%) 3.1 kg/m?
d 19 (-31% 60 %)
3.1 kg/m® d

2.0 kg/m® d
3.1 kg/m® d

(3) SRT
SRT 8.0 7.9 8.2
SRT 10 15

SRT8.0 190 mL/L d(130 mL/L d 240 mL/L d)
36 %(25 % 46 %) SRT 8.0
SRT 9.2 7.8 10.1 250 mL/L d(210
mL/L d 300 mL/L d) 48 W(41 % 57 %)
SRT8.0 66 (62 %
76 %)  SRT 8.0 69 (62 % 73 %)
SRT

SRT SRT 8.0
SRT

*

2060 mgCOD/L 2390 mgCOD/L
1700 mgCOD/L 2650 mgCOD/L 1940 mgCOD/L 2140 mgCOD/L
1830 mgCOD/L 2030 mgCOD/L 2010 mgCoOD/L 2070
mgCOD/L
2000 mgCOD/L
0.4d* 0.6d"

o O
o1 w

d* 1.0 d* 0.5 d* 0.7 d*
d* 0.9d* 1.4d 3.3d



0.1d 0.5d 0.2d 0.6d 0.2
d 0.4d
®)
1/9
1/9
1/9
®)
pH pH 7.0 pH 6.5
6 pH 7.1
1.4X107 copies/g 7.9X10 copies/g pH 6.6
3.4X10" copies/g 2.4X10° copies/g pH 6.0 4.6X107
copies/g 1.8X10° copies/g
pH Bacillota Bacteroidota Spirochaetota

pH 7.1 Bacillota 21 % Bacteroidota 52 %  Spirochaetota 13 %
pH 6.6 Bacillota 38 % Bacteroidota 31 %  Spirochaetota 16 % pH 6.0

Bacillota 15 % Bacteroidota 53 %  Spirochaetota 16 % pH 6.0 pH 7.1
Bacteroidota pH 6.6 Bacillota 4 Bacteroidota 3
pHG.6
1.3 kg/m* d 3.4X10" copies/g
2.4X10° copies/g 2.0 kg/m® d 4.8X 10" copies/g
2.1X10° copies/g 3.1 kg/m® d 6.3X 10’
copies/g 5.4X10° copies/g

Bacillota Bacteroidota Spirochaetota
1.3 kg/m® d Bacillota 38 % Bacteroidota

31 % Spirochaetota 16 % 2.0 kg/m?® d Bacillota 40 %
Bacteroidota 32 % Spirochaetota 18 % 3.1 kg/m® d Bacillota
54 %  Bacteroidota 22 % Spirochaetota 16 % 3.1 kg/m?

d Bacillota
SRT pH 7.0 SRT 8.0
3.2X10" copies/g 3.9X10° copies/g SRT8.0
SRT8 Bacillota Bacteroidota Spirochaetota
Bacillota 11 %  Bacteroidota 67 %  Spirochaetota 13 % Bacteroidota
SRT

Bacillota Bacteroidota Spirochaetota
pH HRT



pH
2
2021
BMP
55
2021
pH
57
2023

(Uyeno Yutaka)

(00542911)

(13601)







