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Abstract:

The objective of this study is to improve the organic decomposition of food waste by applying microfiltration
membranes for methane fermentation systems. JFE Engineering conducted experiments of the developed system in a
laboratory scale. When digestion sludge concentration was doubled, organic decomposition rate was enhanced up to
98%, methane production was increased by 21% and sludge production was decreased by 75% compared with
conventional systems, even though hydraulic retention time was reduced by half. Next, JFE Engineering applied this
system to the Garbage Electric Generation Center in Nagaoka City as a demonstration test. The digestion sludge was
concentrated from 1.5% to 4%, methane production rate was increased by 22% and the sludge production was
decreased by 64% compared with conventional systems. In addition, electric power generation of the entire facility was

increased by 27% compared to the average in 2017 before this system was installed.
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Table1 Concept of methane fermentation system with
membrane bioreactor

Conventional Developed system
system
Food waste . Food waste
Biogas Biogas (with CH,)
Outline process (with CH embmne
Total solid 50/ 2
flow e Sludge 2.5% / = Permeate
Digester Digester Sludge
Total solids (%) 1.3 2.5
Dlgester. 100 50
volume™ ( )
CODcr removal
%) 83 90
Methane
production 82 94
rate (m?/t*?)
Sludge
production 52 31
(kg/t*?)
Ammonium
(mg/L) <2000 <2000
%1 100 means the same volume as conventional, $¢2 as weight of
food waste
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Fig. 1 Schematic diagrams of lab-scale examination
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Table 2 Specifications of membrane in lab-scale examination

Type Hollow fiber
Membrane material PTFE
Membrane area 0.1m’
Pore size 0.1 pm
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Table 3 Results of lab-scale examination

Conventional Developed system
system Result | Target value

Total solids (%) 1.3 2.5 2.5
Hydraulic retention 30 15 15
time (L/(L/day)) (A 50%) (A 50%)
CODcr remval (%) 83 98 90
Methane production 32 99 94
rate (m’/t) (+21%) (+15%)
Sludge production 5 13 31
(kg/t) (ANT5%) (A 40%)
Ammonium (mg/L) 880 730 =880
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Fig.2 Process flow of the Garbage Biogas Electric Generation
Center in Nagaoka City
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Photo 1 Appearance of demonstration plant
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Fig.3 Schematic diagram of demonstration plant
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Table 4 Specification of membrane tank and module in
demonstration plant

Tank volume 88 m’

Tank size 5m%x32m"x55m"
Type Flat sheet

Membrane material PVDF

Membrane area 280 m”/unit

Pore size 0.1 um
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Table 5 Operating conditions of membrane process

Unit number of membrane |2~4 unit
Area of membrane 560~1 120 m”
Suction pump operation 7 min (ON) — 2 min (OFF)
DAcid
Chemical for membrane 1.5 wt% citric acid
cleaning (@Alkaline
0.5 wt% NaClO
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Table 6 Comparison of fermentation characteristics between
developed system and conventional system

Conventional Developed system
system (Digester No.1)
(Digester No.2) & ’
Total solids (%) 1.5 2.5 4.0
HRT*' (m’/(m*/day ™)) 38 38 38
SRT*? (m®/(m’/day*?)) 38 165 318
CODcr removal (%) 83 97 98
Methane production rate 104 120 127
(Nm?/t*4) (+15%) | (+22%)
Sludge production 60 28 22
(kg/t™%) (A 53%) | (A 64%)
Ammonium (mg/L) 1500 1 500 1 500

%1 Hydraulic retention time, *¢2 Sludge retention time,
%3 as volume of food waste, %4 as weight of food waste
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Table 7 Permeate quality

Developed system | Conventional system
Permeate Liquid from dehydrator
pH(-) 7.8 8.3
SS™! (mg/L) <1 1 400
BOD;s™? (mg/L) 30 1300

%1 Suspended solids, 32 Biochemical oxygen demand
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Table 8 Effect of application of developed system

Result of demonstration test
Before demonstration test No.1: Developed system
No.2: Conventional system
Period F.Y.2017 "19/Jun.~"20/Jan. '20/Apl.~"20/May.
Total solids™' (%) 1.3 2.5 4.0
. y 101 105
. . 3 /0502
Methane production rate (Nm?/t*?) 96 (+5%) (+10%)
. 32.1 29.0
%2
Sludge production (kg/t*?) 36.4 (A 12%) (A20%)
.. . 263 300
Electricity generated (kWh/t*?) 237 (+11%) (+27%)
‘ 189 166
%2
Polymer usage (g/t™?) 248 (N 24%) (AN 32%)
. 69 68
0,
Moisture content of dewatered cake (%) 72 (& 3points) (A 4points)

%1 in digester No.1, %2 as weight of food waste
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Table 9 Economic benefits estimated based on results of

demonstration test
(Unit; Million JPY per a year)

Economic benefits

Increase in generated electricity +24.9
Reduction of sludge disposal cost +5.1
Reduction of polymer usage cost +0.3
Reduction of power consumption by 14
existing plant equipment '
Chemicals cost for membrane AlS
cleaning
Power cost .consumed by AQD
demonstration plant
Membrane replacement cost A1
Maintenance cost of demonstration A6
plant

Total 25.6
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