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A Study on the Evaluation of Two-Phase Anaerobic Process
for Public Livestock Wastewater Treatment Plant
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Abstract

The purpose of this study was to investigate the biodegradability and performance of organic removal and
methane production rate when treating piggery wastewater using a pilot scale two-phase anaerobic system
operated up to a volumetric rate of 10m3/day.

The pilot scale two-phase anaerobic process is consisted of a continuous-flow stirred-tank reactor
(CFSTR) for the acidification phase and an Upflow Anaerobic Sludge Blanket reactor (UASB) for the
methanogenesis. The acidogenic reactor played key roles in reducing the periodically applied shock-loading
and in the acidification of the influent organics. The acidogenic CFSTR was operated at organic loading
rates (OLR) between 1.8 and 14.4KgCOD/m® - day, and the UASB reactor was operated between 0.5 and
5.6KgCOD/m?® - day. A stable maximum biogas production rate was 81m3/day and the methane
conversion rate of the organic matter varied from 0.30 to 0.42L CH,/g COD,noeq(0-40) at hydraulic
retention time (HRT) above 3.5days. The methane contents ranged from 73 to 82% during the experimental
period. It is known that most of the removed organic matter was converted to methane gas, and the
produced biogas might be high quality for its subsequent use.

Key words: Two-phase anaerobic process, UASB, piggery wastewater, biogas recovery, methanogenesis,
livestock wastewater treatment plant
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Item Instrument Method

pH pH meter(YSI 63, Metrohm 744) Electrometric method

COD¢, - Closed reflux, titimetric method(5220 C.)
BODs - TE QHAZHMA|gl i (5-day BOD test, 5210 B.)
VFAs GC-2010(SHIMADZU) Gas chromatographic method

TVA - Distillation Method(5560 C.)

TKN AutoAnalyzer3(Bran+Luebbe) Titrimetric method (4500-N,,q B.)

TP - Ascrobic acid method

SO;~ HIC-20A super(SHIMADZU) lon chromatographic method

s HIC-20A super(SHIMADZU) lon chromatographic method

PO-P HIC-20A super(SHIMADZU) lon chromatographic method

NH;-N DR-2010 (Hach) Nesslerization method

NaCl HIC-20A super(SHIMADZU) lon chromatographic method

TSS - TSS dried at 103~105°C (2540 D.)
VSS - VSS ignited at 103~105°C (2540 E.)
TS - TS dried at 103~105°C (2540 D.)

VS - VS ignited at 103~105°C (2540 E.)
Alkalinity pH meter (Metrohm 744) Titrimetric method (2320 B.)
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Fig. 1. Schematic diagram of Two-Phase anaerobic process.
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Table 2. Characteristics of influent piggery wastewater mg/L, ( ): mean value
Organic Nitrogen Phosphorus
BOD TCOD, SCOD, TKN NH;-N ™ PO-P
1,781~9,722 3,740~23,116 1,781~9,722 1,650~3,996 890~1,520 39~250 32~70
(4,254) (10,519) (4,254) (2,639) (1,228) (123) (44)
Solid Etc.
TSS VSS TS(%) VS(%) SO;~ NaCl Alkalinity(as CaCO,) pH(unitless)
1,560~25,400 1,077~9,333 0.3~1.21 0.2~0.95 9~118 395~1,892 5,135~10,976 7.1~8.1
(5,982) (3,720) (0.8) (052) (31) (945) (7,688) (7.6)
& = £ Gas chromatograph/FID (GC-2010, 714 g o] Y94 Fd FHE JIGEALS
SHIMADZU) & o] &3te] #4atich. 2 ARE @714 wg=e 239 e 228 98¢ I,
3% 3o pH7Y 3o] Hes zAsta VFA 5 kx| HA&AS 98 A vl f7]Eel de
-9 (Supelco, No. 4-6975) = o] &3te] aFHoz  JLEAL H|7} COD:NH;-N:PO;-P =350:5:12
7 gl Bg Fag. EAtelok ek, B AT ol 43 FEAFE HT
Gas collector®] w&F 2 o]2k3}ebA ) AbA A4 250:40:1% YERE RS Hol AgAoer AAs
NH;, H,S¢| g 7h=i471(GA 2000 PLUS)E  ©f #8&0] £t J4E4Y AGEe d7|dae £
o4t} BAGA N, 240 R /g BYGe] WA B olde] sk A W AR
71419l 242 Gas chromatograph TCD(GC-8A, #& 283 4= gt} 284 vete] s== NH;-
SHIMADZU) 2 43l A8 A e}l v malsich. N7} Zt) 5,000mg/L as N7} gH5-3F 7 9ol = 2]-3-8+
4 9ty B3k (van Velsen, 1979) EAEA =2 2}
3. d¥zn ¢ oF §8E getin seEn
Folg o] 24 SOFE A 118mg/LS %3
3.1 That SEHSS] RANY B et olE HSE 271713, B89 wezole)
T B FeEo F5E AR AR As 3 & AAFEAIRA ol &E e 200mg/L o] e &4
Sof AHgEE Bol £FFo] §U5Y Gl A S(sulfide) 7h EAE F 5ol T BYv) Y Ee
okA] gk, webA FEF o) planto] fdE 1o & A E Z 3ot (Lawrence, etal.), Ed dukg oz
M g 225 Tl A —rﬂ ok B o AR A3 AU &5k Al A48E doTlE F
Fote WakE A5EAA ¢ ol g3t AEe  Ee NaClg 7]F22 09~1.4%9 WHZ By
T, fFrdTFE o] &3 %k%ﬂ]?A R ey & i dE d5e NaCl Hdses
Table 29} 2t} 945mg/LE Holx glo] A& 7]Fe] & e £3
B AFoA AHEE o= Hge] pHE 7.1~8.19] 2 Holx glth
HoE Y °L7}ﬂ =t ¥ 7,688mg/L as
CaCOs = Yehlio] Fitd el ddAd 549 = 3.2. H&L2Mo E ®RIIE H2IEM
2 pHY 2 &7lEl=8 B9t TCODg, s&+ e A He FeEdse @714 AENSE
3,740~23 116mg/L. o2 W37l B9l ehd Agatsy  Q ablaze viglazs AX AFAS Jepd
9 454 AAA S FEASSG @A 950 ¥ o &R 2oldle 7 weze) £eA5 §9712¢
Ed4E AN ERE 3] ROR ARY  H8E fust] E ARE 97 A8 £4 27)
t}. 18] 3 soluble CODg, H] %% 40.4%, soluble  °F 60Y FU2 FY FHFS AU WAl FAIsH
BOD; £&< 49.4%2 944 §7124¢e vl go] = 71 HRTE §A8 o HRTE 497d 24 3=
e % 5 e o] g8

334



NOISEYYA| o

AR - AET &N - w3 212 35, pp. 331-339, 2007

’ — prmm— 25,000 +I:E""1 _—— — —

: - e kv\‘*é
£s 100 ”g E"Ms,ooo M
= W 8 g4
x4 — 60 ;‘Z’ § 10,000

: =4 S 5000 FRNIIUNN P U L PR

20
1 0.0 0 W
0 100 200 300 400 0 100 200 300 400
Operation, days Operation, days

Fig. 2. Variation of OLR and HRT in each reactor. Fig. 3. Variation of TCOD concentration in each reactor.
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Fig. 4. Variation of VFA concentration.
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Fig. 5. The Volatile fatty acids fraction of step 2.
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Fig. 8. Variation of biogas production in UASB reactor.
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