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Abstract : Anaerobic Filters (AF) packed with porous ceramic floating media were operated at different operational conditions to
identify the feasibility of the renewable bioenergy, methane production from swine wastewater and to verify the suitability of
effluent from anaerobic filters for the subsequent biological nitrogen and phosphorus removal. Stepwise increase in organic loading
rates (OLRs) or decrease in hydraulic retention times (HRTs) with influent TCOD concentration of 14,000 mg/L were utilized at
mesophilic temperature. The maximum methane productivity of 1.74 volume of CH4 per volume of reactor per day (v/v-d) was
achieved at an hydraulic retention time (HRT) of 0.5 day (OLR 28 g TVS/L-d). Based on the biogas production, the highest total
volatile solids (TVS) removal efficiency of 63% was obtained at an HRT of 3 days (OLR 4.67 g TVS/L-d), however based on
the result from the effluent total chemical oxygen demand (TCOD) analysis, the highest TCOD removal efficiency of 75% was
achieved. The effluent alkalinity concentration over the range of 2,050~2,980 mg/L as CaCOj; at all operational conditions, could
compensate the alkalinity destruction caused by nitrification. The effluent from the anaerobic filter operated under the HRT of 2
days showed the COD/TKN ratio of 15~35 and COD/TP ratio of 38~56. Therefore effluent C/N/P ratio is able to satisfy the optimum
COD/TKN ratio of greater than 8.0 and COD/TP ratio of 33 for the subsequent biological nutrient removal.
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Fig. 1. Flow diagram of slurry swine wastewater treatment system.
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Table 1. Physicochemical characteristics of substrate

Parameters OP1 OoP2
TCOD (mg/L) 14,000 16,000
SCOD (mg/L) 3,151 3,209

TS (%) 113 1.28
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VSS (mg/L) 5,923 7,535

TKN (mg/L) 340 407
NHz-N (mg/L) 260 357

TP (mg/L) 173 247
pH 6.97 7.22
Alkalinity (mg/ as CaCQOs) 1,762 2,366

* All values are averaged ones
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Fig. 3. Temporal variation of reactor pH and VFA concentration
during the operation time,

Table 2. Summary of anaerobic filter process operated for swine wastewater

OP1 (Inf, COD 14,000 mg/L) OP2 (Inf, COD 16,000 mg/L)
Parameters HRT (days) HRT (days)

3 2 1 05 3 2 1 05
Steady state operation period (days) 1-24 25-72 73-109 110-121 1-25 26-95 96-118  119-130
OLR (g TCOD/L-d) 467 7.00 14,00 28.00 533 8.00 16.00 32.00
pH 7.61 761 7.38 7.35 7.74 7.61 7.53 7.65
Alkalinity (mg/L as CaCQs) 2,048 2,983 2,273 2,261 2,514 2,651 2,555 2,675
VFA Conc. (mg/L as Co) 83 160 155 360 57 166 176 238
V/A Ratio 0.05 0.06 0,04 0.16 0,02 0.06 0.07 0.09
P/A Ratio 0.18 0.16 0.21 0.63 0.08 0.10 0,22 0.31
TCOD Removal (%) 75 63 38 29 68 52 44 39
SCOD Removal (%) 69 62 61 56 71 77 62 63
TSS Removal (%) 62 50 34 16 59 52 39 30
VSS Removal (%) 61 53 40 17 59 58 27 23
CH, Productivity (L CHa/L-d) 0,96 121 155 174 1.07 119 1.69 1.68
Methane content (%) 72 75 79 83 72 75 77 84
TVS Removal (%) 63 43 38 16 56 39 28 17
Specific methane productivity (L CHs/g COD Removed)| 0.27 027 0.29 0.21 0.30 029 024 0.13
COD/TKN 10 15 21 35 12 18 22 24
COD/TP 27 38 51 56 31 44 47 54

* All values are averaged ones

, 421

chEterA ZstslR| | MI37A ®75| 20154 72 |



422 ,

J. Korean Soc. Environ. Eng.
4 3 EAMHA

=}

Atk o= F=u49] EAJAF Alkalinity7} 2,048~2,983 mg/L
as CaCO37HA| A frA1 5 o] {F714F Aol uh& pHA s}
£ 5838 &5 & e Yol EASH] "ol ¥
S0 Full Scale T+ =5 7|4 A8 204 H 4,000
mg/L ©]A4+9] Alkalinity”7} 3= 7%= 3}t

$tH VFA % =(Fig. 3)= OP11} OP2 X% HRT 3o A
= ZFZ} 83 mg/L as Cy, 57 mg/L as G2 Fe =5 H
ojtt7k, HRT7} HA} axste] OLRO| F7keto] whah VFA
FrEe S7Fhs A¥%e E3dth OP19] -9 HRT 0.599
Al 360 mg/L as Co7}A], OP29] 7%= 238 mg/L as Cr7}A4]
Zrhsheet, ol @714 Hheo] SA4 e g
oh ARG STk Wet §71 8RS STk ke
% Ulo] VFAZH 45| @4 HolFE Auolth 1)
u ol McCarty'?7h 81l vl Qe wledAS A &
Qi 5wel 1500 mg/L as C,o| o= T 3 u]Hch

E5k @714 Wg2o) S IS AR Volatie
Fatty Acids/Alkalinity (V/A) H]2} Propionic Acid/Acetic Acid
(P/A) ¥l & 4= &=l V/A H]= 0.3 ©]3}, P/A Hl= 1.4
o|st2 $-x|d v "% o] orHAL FHE 4~ Qittal 3t
th"” Table 20j 4 Hi= ulel o] £ 7]ZF Fek V/A Bl
0.02~0.16, P/A H]+= 0.03~0.639] = A5}

oS o
= 1
b egHoR SoET g & 4 ok

(0]

[e]
Ela o

3.3. HEt LM HA VS MAHEE

AF A7} OLR(Z-2 HRT)o]| u}2 wehabyzf M3l Table
29} Fig. 4l AA 8kt &+ FU4 5= 25 HRT7ZF i
SHHA] §71=5517F 5718ke] Biogas 9 Methane A8 &2
=7}st4th OP1(5-4] TCOD 14,000 mg/L= gx 3l AF)9]
7%~ HRT 3 olA] oehdA=F2 0.96 v/v-dl 1L, HRT7} %t
oA 1¥ofl= 1.55 viv-d= Fﬂohu_, HRT 0.5¥0)= ¢
Z7kste] o WA 1.74 viv-dE 25Tt OP2(+-
9] TCOD 16,000 mg/L2 -3t AF)2] HS % upzirz| =
HRT7} 304 0548 Zropxlo| wpat Ho mfebd ek
107014 1.69 viv-d7t2] %7189t

7717t 5 Biogas W ot WEHEES 72~84%9] £

22 HRT 1d HRT 0.5d
2.0 -

- i
12 HRT 2d ¥ s -
14 _HRTS 1 .
1.2
1.0
0.8
0.6
0.4
0.2
0.0 . . . . L L
0 5 10 15 20 25 30 35

OLR (g TCODI/L-d)

g. 4. Methane productivity of AF as a function of OLR (M
OP1, O OP2),

oo

Methane productivity (v/v-d)

Fi

100
90
80

70
HRT 2d
60 l;
o
50 !E
40
[]= i
30 =

20 I

10

HRT 0.5d

—

TVS Removal (%)

0 5 10 15 20 25 30 35
OLR (g TCOD/L-d)

Fig. 5. TVS removal of AF as a function of OLR (m OP1, OJ
OP2).

dFoR FAE A

TVS AAEE2 Fdu4 W TVS =k 2 we
ThAFE Vo2 Ao, & AAE Fig. 59
Table 20f] . °Fs}¢itt. HRTZ}F Zropgol whek TVS A|A R
&2 ZHAasto] OP19] A9 HRT 3Y9l:= 63%S e
O} HRT 199 38%2 743193, HRT 0.5 9= 16%
o E3}5t9ir}h. OP2= OP1XETE £ HRT ZAA tha
3o A AAEE 2ol HRT 3o 56%, 140 28%=
LreR Sict.

BiogasE AlAAY ol R 3}617] ]3| A+= Biogas®] Atk
o] 7} Fa3t A} F2 stito|tt. Biogas A I 713¢
A os ¥ 9 &4 A HRTE OLRZA o
o] Biogas WIS A7) flaliAl= d¥bd o s g2 HRT
9} 2 OLRE fA3jokgttt. 18y f71&E AARE &
Holl A= olet Wit xlo] aFHh aug s
A 717897159 A714d43F Al 2d| 9] Biogas Akt
1Y TVS AARES SAl B4 T &= §ith o] &
A= mhA] A& o] FFoll Fole 9 Zo] o= T
o] FoAH thE FHE-2 ol EFF thE FHEo] Eot
A W &2 wolnt. TeER o] & QAE = &
T Q= #A Y SR A(HRTSE OLR)S =E5kooF $ht

I
F

3.4.TCOD MlHs=2

Anaerobic Filter 9H-3-%
61t 7o) HRT7} o}z

FE49 TCOD A|AAZEL Fig.
o wel WA grashs AR 1Y
t}h. OP19] A< HRT 3204 75%% =9Fo L}, HRT 27}
1Yo A= 7—}'7—,]' 63%, 38%%1 3L, HRT 0.5¥of= ©]2 A g
4 427o] ofglE|o] 29%0] “1H T} Sanchez &Y% FET|
= @714 Filterg ©]&3to 2|3 ¥}, HRT 3
oA TCOD AAL 78%E L2 OLRO] 2.3 ¢ TCOD/
L-d2 2 Qo] Aulzo|glth. 0P20] 4= HRIZ} &
opgol whel ghaste] 68%0lA 39%= WaketAT.
H717d astoA o] 24 o= 1 g COD7F &3l A] STP 4
oA 0.35 L] CHy7} A=, o] $=2= SMP (Specific
Methane Productivity)2} gttt &2 123} OP12 HRT 1

Journal of KSEE | Vol.37, No.7 | July, 2015



J. Korean Soc. Environ, Eng.
B Y=ol K| S4 B}

o o

Anaerobic Filterol| 2

100 035 T
% 0.30 %
— — 1 0. =
< 80 —e Z
= 70 ~ 1025 &
g 60 ™~ \= o
2 1020 3
g 50 pt
= 40 M 1015 o
I

2 30 — 010 ©
20 [— -

1 0.05
10 — g
0 : ' ' 0.00 ¢«
3 2 1 0.5
HRT (days)
Fig. 6. Effect of reactor HRT on TCOD removal and specific me-

thane productivity based on TCOD removed (B OP1-
TCOD, [] OP2-TCOD, @ OP1-SMP, O OP2-SMP).

A o]4fell Al SMP7} 0.27~0.29 L CHy/g TCOD £ & o] &
2 o LA B, OP29] 4-9-+= HRT 2% oA =
0.29~0.30 L CHs/g TCOD +-3f|, HRT 1¥o]A+= o|&c} 7}
Z:3to] 0.24 L CHy/g TCOD Ea|E Yehfch

w
(S}
A0l
¥4
|
H
Rl
n
2
0
0x
N OH
N

B du
-
=
N
~

Ao
22
S,
¥
oL

qtzal7] s ©7)
7} watof slizd), ol
b B4 nEALe] Genn A
= 24w @714 A2

o S
Ko
H

2 A
o o

ox
2
_)&
RO
1o mX
do
e
i

°
o

H1 ox

R

Jfu
Ho 2

.
2 H
flo okt
g

o

o2 HAAe FE49 pH, 2 %
Fee FASHL Ye=Al, 2Ea F
THe C:N:P U9 3=
ol Het A&7 a7k

2 oJILo]lA] Anaerobic Filter 3732 &4 pHE 7.35~
7.749) 54 9 etHUEA WIS HASAT, FLeIET}
2,048~2,983 mg/L as CaCOs2 24| 97| % o]
ol iG] S anE 4T 5
ot

e

A
o
b
£ lo

%
S

iC)

o I
o

B ol
Mo
24 o
E‘ 4
>
fo

e o >
Kl

L/ N N
M

L
g H

50
e 4
ES

2 4al7] Slelo] 40 BOD/TKN 17} 3 ofafo]el Two
Sludge System(EH2:A15}e} AAISHE 72 Be)s w5}
31, BOD/TKN H]7} 5 o]Ato]™ Single Sludge System=- A}
g3 ®rh EUo] ATVEIA VoL 22S 93t 2
4> BOD/TKN H|i= 3 o]4foln|, 53] ghaAtalel Aitsls
BA]0] o] 154 BODITKN Hl& 5 ol4F f75}=
o] uigrsteta Hugh vh glek. EE Clifford 5o <]
&} Full-scaleX} Pilot-scale A& o] 4] BOD/TP H|7} 20 o]
AN 559 TP 557 | mglL ol3hE $2% 4 gl
oh wagt v} gk

ool £3E TS, F& LA AL AHet
A2leg Algstr] skl @714 dA = FE+2 BOD/

N —
(<]

242k 5 o1, 20 o= A5t
of s, Fatul=o] @7]4d4a%tx 552 BOD= COD

40

35 L WOP1-3T(%)
DOP1-5T(0)

30 T aopz-sT()

25  BOP2-3T(0)

20

COD/TKN Ratio

.

1 0.

(83}

HRT (days)
Fig. 7. Effect of HRT and settling on effluent COD/TKN ratio,

Table 3. Comparison of parameters between settled and non-
settled effluent with influent TCOD concentration of

14,000 mg/L
Parameters HRT (days) ST (X) ST (O)

3 10 8
2 15 8

COD/TKN Ratio
1 21 11
05 35 23
27 26
38 27

COD/TP Ratio
1 51 33
05 56 35

* ST (x) means non-settled and ST (0) means settled effluent

2] 65%9] PR CODE 7|Z0 & g4kl COD/TKN
H] 9 COD/TP H|= z}z} 8 0|4}, 33 o]AhS &%) Zof
oF gtrt.

E A LA3} Anaerobic Filter #-8-%9] &-Z4=1] COD/TKN
H)o] W3S Fig. 77} Table 3¢ Ltel$ich. HRTZ}F Zrotd
of wet f&4¢] TCOD F%=7} F7Fst2= COD/TKN H]
= gbulg|ste] OP19] A9 10~35, OP29] A2 12~247}
A HAF Z7bele A Hlon OP1¥ OP2 5% 2%
H|E vkE3sk9ir}. 3k COD/TP H|2] ¥3}= Fig. 81} Table
30| A2} Zro] HRT 39S A|9]a}3 OP1-S 38~56, OP2=
44~549] AARIQNE FA8F3Tt

70
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Fig. 8. Effect of HRT and settling on effluent COD/TP ratio,
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oF Aol 4 AR utel Zo] HRTE 19 olshz 27
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