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Treatment of Garbage Leachate with Two-phase Anaerobic Digestion Coupled
with Ultra Filtration
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ABSTRACT : Organic removal efficiency and methane production rate, a feasibility of power generation from biogas, and the
optimum conditions for membrane operation were evaluated for the pilot scale (5 tons/day) two-phase anaerobic digestion coupled
with ultra filtration (TPADUF) system fed with garbage leachate. The TPADUF system is consisted of a thermophilic acidogenic
reactor, a mesophilic methanogenic reactor, and an UF membrane. When garbage leachate with 150 g/L of TCOD was fed to the
TPADUF up to organic loading rate (OLR) of 11.1 g COD/L/, the effluent TCOD was lower than 6 g/L and the average removal
efficiencies of TCOD and SCOD were higher than 95%. The methane composition of the gas was 65%, and the methane yield was
39 m3/m3 garbage leachatesed, 260 m3/tons CODagded, or 270 m3/tons CODremoved, €ven there was some gas leak. The power
production per consumed gas was 0.96 kWh/m3 gas or 1.49 kWh/m3 methane. This lower power production efficiency mainly due
to the small capacity of gas engine (15 kW class). The membrane was operated at the average flux of 10 L/m2/hr. When the flux
decreased, washing with water and chemical (NaOCl) was conducted to restore the flux. In the TPADUF system, optimum pH could
be maintained without alkali addition by recycling the membrane concentrate or mixed liquor of the methanogenic digester to the
acidogenic reactor. Also, partial production of methane in the acidogenic reactor had a positive effect on lowering the OLR of the
methanogenic reactor.

Key words : Garbage leachate, Two-phase anaerobic digestion with ultra filtration, Biogas, Power generation
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Table 1. Characteristics of garbage leachate

garbage leachate

characteristics

range average
pH 3.6~6.2 4.1
TCOD (g/L) 76.2 ~ 259.2 172.5
SCOD (g/L) 44.0 ~ 138.6 96.1
BODs (g/L) 51.2~121.7 79.1
TS (g/L) 48.1 ~ 1555 96.3
VS (g/L) 37.1 ~ 116.0 79.5
TSS (g/L) 24.2 ~ 88.2 46.3
VSS (g/L) 23.5 ~ 82.9 43.0
NHa" (mg N/L) 182 ~ 2,100 734
TKN (mg N/L) 4,270 ~ 4,760 4,515
TP (mg P/L) 803 ~ 1,410 1,107
VFAs (g COD/L) 0.5~21.4 8.9
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Fig. 2. Variations of TCOD and SCOD concentrations.
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Fig. 3. Variations of TCOD and SCOD removal efficiencies.
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Fig. 4. Variations of methane compositions.
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Table 3. VFA concentration and composition in TPADUF operating conditions
VFAs (mg/L) HAC (%) HPr (%) HBU (%) HVa (%) HCa (%)
Influent 11,850 £ 5,682 842+ 94 116 £ 54 28150 1.3+6.5 0.0
Acidogenic 7,896 + 7,857 54.1 £ 26.3 17.3 £ 25.4 28.6 + 24.9 0.0 0.0
Methanogenic 1,956 + 2,967 46.9 £ 32.7 458 £ 38.4 7.3 +£19.3 0.0 0.0
Effluent 1,346 £ 2,409  71.8+ 355 28.2 £35.5 0.0 0.0 0.0
Influent 8,255 + 3,944 68.1 £10.9 5.7 £ 6.6 16.7 £ 10.7 8.7 +173 8 x2.
I Acidogenic 17,238 + 12,728 487 £15.9 10.2 £ 54 30.3 £ 14.2 3.9+ 91 69+76
Methanogenic 5,858 = 4,028 656 £125 29.2 +10.2 48=+53 05+1.2 0.0
Effluent 4,023 £ 5,135 72.4 £ 118 23.0 £ 9.1 3.9+14.0 0.6 £1.1 0.0
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Fig. 9. Variations of alkalinity concentrations.
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Fig. 10. Variations of NHat—N and NHs—N concentrations.
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Table 4. Chemical cleaning condition for membrane

No. Cleaning solution Concentration (M) Time (min)
1 clean water - 20
2 NaOCl 0.5 60
3 clean water - 15
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