Fundamental Study on Hydrogen Fermentation Conditions
for Food Waste Treatment

Yoko KUSANO, Koichi KUBOKURA and Kazuto YOSHITAKE

Waste Research Center, Fukuoka City Institute for Hygiene and the Environment

summary

In search for the effective utilization of food wastes as a biomass, Fukuoka City has focused on hydrogen
fermentation to recover gas energy. In this study, school lunch wastes from garbage treatment machines and
sewage digestion sludge were used for anaerobic fermentation to run hydrogen generation tests and examine
basic conditions to maximize the amount of hydrogen generation, such as the effect of sludge heat treatment,
culture temperature, initial pH, and substrate concentration. The test results showed that the maximum gas
recovery from one gram of dried food waste was about 150 mL, of which about 60 mL was hydrogen. With
regard to the digestion sludge used as the inoculum, big difference was not found in the amount of hydrogen
generation between boiled sludge and non-treated sludge. No methane formation with the non-treated sludge
led to the judgment that it could be used as an inoculum for hydrogen fermentation. Also, culture
temperature did not affect the amount of hydrogen generation very much. The amount of hydrogen
generation tended to sharply decrease at a substrate concentration of 6.6% or higher. The result showed that
substrate concentration greatly influences hydrogen generation.
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Tablel Characteritics of food waste material

Size Under 0.5mm
Moisture 42 %
Ash 8.9 %
Fat 13.7 %
Total nitrogen 42 %
Total carbon 474 %
Protein* 26.3%
Carbohydrate** 46.9 %

*: calculated using nitrogen coefficient of 6.25
**: calculated “ by difference’
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Fig.1 Schematic diagram of hydrogen fermentation

Table 2 TCD-GC

Table 2 Conditions for analysis of gas composition

Equipment Yanaco G3800
Column Unibeads C 60/80, 2mx3mm id
Carrier gas Ar 40ml/min
Column temp. 125
TCD temp. 160
TCD current 100mA
Gases andyzed H, CO, CH; N,
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Table 3 Fermentation gas volum(mL) and pH after 16hr. incubation at 30 (figuresin parentheses are pH of fermemtation solution)

Boiling treatment Non treatment
Initial pH
mﬁ\ pH 5.4 pH 6.4 pH 7.4 pH 5.4 pH 6.4 pH 7.4
1.7% (0.5g/30mL) 40 (pH5.0) 55 (pH 5.7) 55 (pH 6.4) 50 (pH 5.0) 55 (pH 5.6) 60 (pH 6.3)
3.3% (1.0g/30mL ) 40(pH5.0)0 80(pH5.1) 110 (pH 5.5) 50 (pH 4.4) 100 (pH 5.2) 110 (pH 5.5)
6.6% (2.0g/30mL) 40(pH5.0) 100(pH5.1) 140(pH5.2) 40 (pH 4.4) 80 (pH 4.8) 110 (pH 5.0)
10% (3.0g/30mL) 60 (pH4.9) 90 (pH 5.1) 150 (pH 5.2) 30 (pH 4.5) 90 (pH 4.8) 120 (pH 4.9)

Table 4 Fermentation gas volum(mL) and pH after 16hr. incubation at 37 (figuresin parentheses are pH of fermemtation solution)

Boiling treatment Non treatment
Initial pH
Substrate concaration—__ pH 5.4 pH 6.4 pH 7.4 pH 5.4 pH 6.4 pH 7.4
1.7% (0.59/30mL) 50 (pH5.0) 70 (pH 5.7) 50 (pH 6.4) 60 (pH 5.0) 65 (pH 5.6) 50 (pH 6.3)
3.3% (1.0g/30mL) 50(pH 5.0) 130(pH5.1) 110 (pH 5.5) 50 (pH 4.4) 120 (pH 5.2) 130 (pH 5.5)
6.6% (2.0g9/30mL) 60 (pH5.0) 160(pH5.1) 220 (pH5.2) 40 (pH 4.4) 120 (pH 4.8) 220 (pH 5.0)
10% (3.0g/30mL) 60 (pH 4.9) 120(pH5.1) 210(pH5.2) 60 (pH 4.5) 60 (pH 4.8) 240 (pH 4.9)

Table 5 Fermentation gas volum(mL) and pH after 16hr. incubation at 50 (figuresin parentheses are pH of fermemtation solution)

Boiling treatment Non treatment
Initial pH
Substrate concaration—__ pH 5.4 pH 6.4 pH 7.4 pH 5.4 pH 6.4 pH 7.4
1.7% (0.5g/30mL) 40 (pH5.0) 55 (pH 5.7) 55 (pH 6.4) 50 (pH 5.0) 55 (pH 5.6) 60 (pH 6.3)
3.3% (1.0g/30mL ) 40(pH5.0)0 80(pH5.1) 110 (pH 5.5) 50 (pH 4.4) 100 (pH 5.2) 110 (pH 5.5)
6.6% (2.0g9/30mL ) 40(pH5.0) 100(pH5.1) 140(pH5.2) 40 (pH 4.4) 80 (pH 4.8) 120 (pH 5.0)
10% (3.0g/30mL) 60 (pH4.9) 90 (pH 5.1) 150 (pH 5.2) 30 (pH 4.5) 90 (pH 4.8) 120 (pH 4.9)
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