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Abstract

Nitrogen removal and methane production from piggery wastewater were investigated in two-phase anaerobic digestion
(TPAD) coupled with biological nitrogen removal (BNR) process at 35°C. Methane production rate was about 0.7 L/L -day at
organic loading rate (OLR) of 1.2 g- TCODI/L -day in methanogenic UASB. Conversion efficiency of the removed TCOD into
methane in UASB was as high as 72% and overall TCOD removal efficiency in this system was over 97%. Ammonia nitrogen
were stably removed in BNR system and overall efficiency were 98%. With recirculation of the nitrified final effluent to
TPAD, nitrogen oxides were completely removed by anaerobic denitrification in the acidogenic reactor, which did not inhibit
the acidogenic activities. Overall TN removal efficiency in the TPAD-BNR system was as high as 94%.
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Table 1. Operating conditions of TPAD-BNR system
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Process TPAD o o .
- - - Denitrification Nitrification Post-Aeration
Parameters Acidogenic M ethanogenic
Working volume (L) 144 36 144 21.6 72
HRT (day) 1~2 25~5 1~2 1.5~3 0.5~1
Recycle ratio (%) 100% (from post aeration to acidogenic reactor)
Temperature (°C) 35zx1°C
DO (mglL) 0 0 0 2~3 2~4
Reactor type Upflow UASB Denitrifying filter Aerated filter Aerated filter
. Run 1 : Without recycle
Operation mode Run 2 : Recycle to acidoge{]ic reactor
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Fig. 1. Schematic diagram of TPAD-BNR system.

Table 2. Components of raw piggery wastewater

Parameter Range, mg/L Average, mg/L
TSS 550 ~ 680 620
VSS 430 ~ 560 480
TCOD¢, 4,860 ~ 6,700 6,440
SCOD¢ 2,480 ~ 5,360 4,160
BODs 1,780 ~ 4,500 2,850
TN 300 ~ 660 475
NH,"-N 250 ~ 430 350
TP 46 ~ 60 53
pH 72 ~178 7.6
Alkalinity as CaCOs 1,900 ~ 2,480 2,180
2.3. MY
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graphy(Metrohm modular, Switzerland)S o] &3t =433t
Aok 3Eg Agik(Volaile Fatty Acid, VFA)< liquid
chromatography(HPLC 9600, YoungLin, Korea)E ©]&3}%
i, Tt A=l 4291 WA TS o]%g—,].c;] =733t
o @a7t2e] HELS Porgpak Q(80/100 mesh)7t X1 H
1829 cm x 2 mm(i.d) stainless steel ZH TCD7} &3
® gas chromatography(GowMac series 580)2 ©]-&3&}%ith.
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Fig. 2. TCOD removal in each reactor at different operation
modes.
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Table 3. Reault of analysis of variance for TCOD remova
efficiencies of TPAD-BNR system

TCOD t-value P-value
Run 1 vs Run 2 -2.0668 0.04485
Run 1 Run 2
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Fig. 3. VFA production in acidogenic reactor before and after
recycle of the nitrified effluent (VFA conversion
efficimcy:VFAAddogmic Eff_/TCODlnf_).
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Fig. 4. Variation of pH in each reactor at different operation
modes.
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Table 4. Comparison of TCOD and methane production
before and after recycle of nitrified effluent at

OLR 114
w/o* recycle | Recycle to CSTR
(Run 1) (Run 2)
CHg4 production (L/L - day) 0.19 0.32
Removal eff. of TCOD (%) 754 85.2
CH, conversion** 0.58 0.62
t-value -3.5898
P-value 0.0001
*W/O: Without

**CH,4 conversion = CH4 measured/CH, theoretical
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