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Optimal Operational Characteristics of Wastewater Treatment Using
Hydrocyclone in a Sequencing Batch Reactor Process
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Abstract

The purpose of this study was to evaluate the operational characteristics of wastewater treatment using Sequencing Batch Reactor
(SBR) with Aerobic Granular Sludge (AGS) separator in the pilot plant. Pilot plant experiments were conducted using SBR with AGS
separator and pollution removal efficiencies were evaluated based on the operational condition and surface properties of AGS. The
results of the operation on water quality of the effluent showed that the average concentration of total organic carbon, suspended
solids, nitrogen, and phosphorus was 6.89 mg/L, 7.33 mg/L, 7.33 mg/L, and 0.2 mg/L, respectively. All these concentrations complied
the effluent standard in Korea. The concentration of mixed liquor suspended solid (MLSS) fluctuated, but the AGS/MLSS ratio was
constant at 86.5+1.3%. Although the AGS/MLSS ratio was constant, sludge volume index improved. These results suggested that the
particle discharged fine sludge and increased the AGS praticle size in the AGS. Optical microscopy revealed the presence of dense
AGS at the end of the operation, and particles of > 0.6 mm were found. Compared to those of belt-type AGS separator, the required
area and power consumption of the hydrocyclone-type AGS separator were reduced by 27.5% and 83.8%, respectively.
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doJUtiKim and Ahn, 2019a,b). o]& E3}o, 3h}e]
HES 7oA o8] 2705 @At R7lEd, da o
Aeet o= Uk =3 AARES 2dste] 15491 &
o] 755t 9] Ha7} wistelehe B 47lo] =
o5} 4= 9Jrk(Choi and Mo, 2021). 1231 HEo] Y&
27} HASHA) O v, SRS 2 AR
0] 7Fs3lcH(Kaur and Prajapati, 2014). SBR 2%
2 374 s £9X|(Aerobic Granular Sludge,
AGS)%} gt Hok avpaQl 9o] 7Fssh AGS
= ot nEe] HiEslke AlZearEAlkEd
(Extracellular Polymeric Substances, EPS)2 &A%l
QA= o]Ec(lorhemen et al., 2019). Z2ALS} v|BE
(Szabo et al., 2016), B2 v]RE(Guo et al., 2018) I
3714 uRE(Kim and Ahn, 2019¢)5°| s &8
A& FAgETL AUk o] Aol wEr(de
Kreuk et al., 2005; de Kreuk, 2006), TF3t o Y& o+
oz E etk S2RA7F S SBRoJIA 7]k
2, A, Q19 e AEEE AAT 4= ok B sk
T3 AGSE AFY] 27] Yol s niA g
t} 45t 1A AJ(Liu and Liu, 2006) ¥ HsPHE =
of| &= 735}t Long et al., 2015). b4, AGSE A&
AESHA A= AR FRA = ekt HiE e
o7 o] 7ksslH, ISR AR =& A
785 vheEhd 4= QI Kim and Ahn, 2019a,b).
SHAUE AGSS 55 SBREo A7) 214
s} ARE} 709] ofzigo] AUtk El-Mamouni et
al(1998) AGS®] ol 47I710] Anwn 24
o 24 5 1248 Basluek 6l do] Angt
1 B 159} 3k Mudhoo and Sharma(2011)&= <t
3t Follie SR F=E FAIBY] fl8iA viEE
Hargie} viEE SuiR|olls vAlERA] Eet o2t
AGS7} Stk AGS 22 37 o2}, edE4 AlA
ag 2, oA Wakso EAPE S 4 o
(Purba, 2020). w2hA AGSE %70 SHYSIA7]aL &
AJsl7] 91eF W7kA] wirgo] AlQte]ojpict. WHo| oAt
AF=(Brickles, 2015; Lee et al., 2018; Xu et al., 2019)
2 AGS9| vEE AAISH= HPHol AXSHITE Lee et
al.(2018)& WEF WElm AGSO] HE2 Aok o
& SlA 02 Sl E AR HEY e &
Ao 2 AGSE Hajg 4= glor), W2lo] 211, Xgl4

Mo
ot

U

oF EeiR|7} JFlo] leZE]o] oFF W i Yo <l
o] J 4= it} o]Q]o] Wi o B = slo|ERAlolEES
o]83F AGS A8 Y =T} A= ATk Brickles,
2015; Xu et al., 2019). Xu et al.(2019) lo|=2A}
oFES B9l Bt AR thE SYAE Yl A
g o= HejuliEsiol AGSE UAsHA fAlskalAt 3
o} & ohE Atolis BEEAIE slo|ERA ISR
of FAA AGS A4S wEA fEeskarat sHict
(Brickles, 2015). 4= ¥-37] YollA AGSE ths=
slo|ERAlo|EE20] 7 WEY e Fejko) o,
il thigh A7 e A o0& o) SR sto]
CEAPIZES o83 70 A= TR AR &
oA A2 SR oA Sith 5, AGSE 27] 4
I FAE 5 AS3 At vl AR it A
B3 AR ZI8gst7| o= of e Aotk

£ AFolas 50 m'/day O] AGS7F HF
SBRi} AGS ATEEE]7]]] slo|E2A0|ZES 483
S uf, AEAT H SAYHE AXRIcE 18
AGS AEE2]7]Q1 sfo|=2AlolZEo] AEaA AL
of| MRz PRk 2ARIAL mRR[ERo R AAVY B4 S
ARk
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2.1, Pilot plant

2 As QAR ST FEsteA Al e A8
50 m*/day 2] AGS©] HZE% SBRI}F AGS A& A
I L A e R P I e s P R S e
A HiEE o83 2 7IXEE 2021 044 02
U~08H 31YU(F 151)0] T & AAtof| ©]-83FSBR
I} sPo|ERALO|FES T 29T AR Fig. 19 U
ERfQITT. Pilot plant BE-E-7]2] AlFS Table 10f 2]
sioltk 92 Y%, SBR, WREeR, 1
AGS AEEe)7]2 o|FASItE g2zt S
dAstA Fa3t7] flste] AlFAIRE 3.2 hro & A)Rkst
At AGS AEEe]7] Alg o]d Lab. scale ¢4
= 7]9Eo 2 ARSIt Table 1, Kwon et al., 2021).
Pilot planto]] FE3E AGS= & AFAlollA] 2Jslar
U= BRI o] Hlo | QuiAE 1,000 mg/L =2 HE

slaick
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Fig. 1. Schematic diagram of pilot scale SBR and AGS separator.
Table 1. Specification of equipements
Item Specification Note

Equalization tank
AGS-SBR

Discharge tank

500 mmWx1,900 mmLx700 mm H
6,200 mmWx1,900 mmLx1,800 mmH

750 mmWx1,900 mmLx1,800 mmH

Cylinder diameter: 320 mm, cylinder height: 300 mm, Conical

AGS separator

top diameter: 320 mm, conical bottom diamter: 50 mm,

Hydrocyclone type

Conical height: 750 mm, Angle: 20°

22, S 44

2 A5tol| o83t -4 A Table 20 2|3k
SA717F E<9F TCODc, (Total Chemical Oxygen
Demand), TOC (Total Organic Carbon), SS (Suspended
Solids), TN (Total Nitrogen), NH3-N (ammoniacal
nitrogen) 12|37 TP (Total Phosphorus) B+ -3¢
E5+= 217 314 mg/L (301~330 mg/L), 84.6 mg/L
(76.2~119 mg/L), 89 mg/L (50~140 mg/L), 43.9
mg/L (40.1~48.0 mg/L), 40.7 mg/L (32.6~48.8
mg/L), 71831 4.64 mg/L (4.50~4.80 mg/L)o|ick
AETAA ol TR S|, pH 183l 2
9] Hat FF2 212 196 mg/L (135~280 mg/L), pH

6.75 (pH 6.31~7.21), 22.70C (14.6 ~26.9C) At}

2.3. Pilot plant 2FZ=A

Pilot plant®] 2% 272 Kwon et al.(2021)9|4] %1
23t Lab. wfEL0] AWE 7|2 =sto] At &9
%7121 Hydraulic Retention Time (HRT)2} AGS A8
£e]7] 75 Aol wheh & 5 ] ko Lhiro] &
Ik SAZ7LS- Table 30 LR 1544, 2914,
3THA, 4THA] Z12)aL SHA 2] HRT 2 AGS ANMEE]7]
THEAZES 717} 0.83 day (AGS AEEz]7] 7FEA|7k
10 min/cycle), 0.5 day (10 min/cycle), 0.4 day (10
min/cycle), 0.42 day (8 min/cycle) 12|31 0.42 day
(10 min/cycle)o| Tt SBR HWES-7|of| A 112 cycleS
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Table 2. Characteristics of the influent

Parameters

Influent

Temperature (C)
pH
Alkalinity (mg/L)

Total chemical oxygen demand (TCODc,) (mg/L)
Total organic carbon (TOC) (mg/L)
Suspended solids (SS) (mg/L)

Total nitrogen (T-N) (mg/L)

NH;-N (mg/L)

Total phosphorus (T-P) (mg/L)

22.7+3.4 (14.6~26.9)
6.840.2 (6.3~7.2)
19626 (135~280)
31448.2 (301~330)
84.6+5.8 (76.2~119)
89415 (50~140)
43.942.4 (40.1~48.0)
40.7+3.4 (32.6~48.8)

4.6+0.1 (4.5~4.8)

Table 3. Operating conditions of pilot plant

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
HRT (day) 0.83 0.5 0.4 0.42 0.42
Operating cycle (cycle/day) 3 4 5 6 6
Exchange ratio (%) 40 50 50 40 40
Aeration time (min) 360 240 170 120 120
AGS separator .operatmg time 10 10 10 3 10
(min)
2021-04-02 2021-04-16 2021-05-21 2021-06-09 2021-08-04
(0 day) (14 day) (49 day) (68 day) (124 day)
Operation period (day) ~ ~ ~ ~ ~
2021-04-15 2021-05-20 2021-06-08 2021-08-03 2021-08-31
(13 day) (48 day) (67 day) (123 day) (151 day)

89, A 1831 8=/2 A= 721260 min, 15 min “1
231 45 minE 1145kl Z7|A7RS 24519t Table

A|&E= TCOD¢, (USEPA reactor digestion method,
Hach method 8000), TN (total persulate digestion
LR, Hach method 10071), NH;-N (ammonia-nessler
method, Hach method 8038), TP (phosver with acid
persulfate digestion method, Hach method 8190)&
ZA510] T334 A (DR-4000,, Hach, CO, USA)Z
HA3cE, TOC+= multi N/C 3100 (Analytikjena,

Germany)= Z435}5ct SS, MLSS (mixed liquor
suspended solids), SVI;, (sludge volume index), pH
(HQ 2200, Hach conpany, CO, USA)+ Standard
methods (APHA, 2008)]] wi2} 490t} AGS/MLSS
vl Hio@ulA A3 2, 0.2 mm opdS A= AE
(80 mesh/0.2 mm STS sieve)dto] ZAIATHKiIm
and Ahn, 2019a). 3F8F&u])7(CX-31, Olympus,
Japan)2 E3l, AGSE ¥FCE X33 AGS= AW
Feh go] 40uhE B2k

Windows-& SPSS ¥ 22.0 Z=Z 734(IBM Corp.,
Armonk, NY, USA)E ARE51o] 54 2442 3k &
P Aol mE Aaee] Hunluet AREA
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Fig. 2. Influent, effluent and removal efficiencies of (a) TOC, (b) TCODCr, (c) SS in pilot plant.

(Bonferroni post hoc)-& AA|ch

AGS AMHEZ)|e] 2amids) Heulge WEy
(Lee et al., 2016; KEITI, 2018)3} 2 ¢ 7tojA] |83t
Slo| ER2ALOlZES vl Tk

3, Znt

C NI k=

31 ®7I2 Mr=E

AGS-SBR®] HRT 3o} AGS AE-2]7] 7H5A]
Zto] W& TCOD,, TOC, SS #|2| &8 3} Fig. 29}
Table 40| UEPHTE §414:9] TCODc,, TOC 12|
SS s Wt IS o A7 95% Al=eE o R AR
CHEA] 925 UERTHTable 5). wby] 942 W
O Qlsjo] M| EEo] YRS A & AR

H K Table 5). Pilot plant &% =4 % HRT= &%
7|7kl whet 47H 0 &2 9Tt Stage 404 AGS AT
22719] 7FsAREE: 802 247 TOCY] Fe=
HERA71ER] 15 me/L ofslRE A2|=|9ck. TOC
AARELS Stage 35 AlQlstal vlzshA st
(Table 5). Stage 3°J|4] ¥A¥%t x}o]:= HRT/} o} ot
Aol vjsl] ZR=2 Zlo] Hglo] ¥ A o7 yeter) ol
HRTE 0.42 day= 2454} ThA] TOC A|AELo| &F
=St of 2 f715 #1381 TCOD(. 9] stageol| w2
HAAABEL ZF2} 81.8, 90.1, 90.2, 93.6, 95.3% =
UERHTE A1)42 95%2 82151 Stage 1~32] TOC
A A &0l v]3l Stage 4~59]|4] 3.5~13.5% A|AGE
o] =3It Table 5). 50] SS ¥ W2
7191 10 mg/L ofa}s $PgA| © 2 A2]=|3iri(Fig. 2¢).
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Table 4. Characteristics of the effluent and removal efficiency

Parameters Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Eftluent Con. 57+11.5 31£17.8 31+£13.1 20+5.3 15+£2.0
(mg/L) (45~175) (16~70) (19~63) (11~30) (12~18)
TCODc¢:
Removal eff. 81.8+£3.8 90.1£5.5 90.2+4.0 93.6+1.6 95.3+0.69
(%) (752~85.8) (77.6~95.0) (80.5~94.1) (90.7~96.7) (94.1~96.3)
Eftluent Con. 7.05+£0.92 7.49+0.78 10.7£2.5 6.56+1.26 6.89+1.4
(mg/L) (6.09~8.42) (6.12~8.52) (6.82~15.9) (3.21~10.2) (4.21~8.88)
TOC
Removal eff. 91.4+1.2 90.8+1.8 87.3+3.2 92.4+1.6 91.7+1.7
(%) (89.7~92.6) (89.4~92.5) (80.1~91.5) (88.3~96.2) (89.2~94.9)
Eftluent Con. 6.34+1.58 9.0+5.2 8.41+5.3 4.04£3.5 4.59+£2.31
(mg/L) 3.7~8.7) (2.0~17) (1.0~20) (0.67~16) (1.0~7.8)
SS
Removal eff. 93.1+1.84 90.0£5.97 90.6£6.23 94,9452 94.942.5
(%) 91.1~97.2) (70~120) (77.8~98.9) (75.0~99.3) (91.2~98.9)
Eftluent Con. 2794247 17.1 +4.46 6.26 + 1.61 726 £1.15 7.33+£0.69
(mg/L) (24.6~33.0) (10.6~24.2) (4.0~9.0) (3.8~9.0) (6.2~9.0)
TN
Removal eff. 36.1+6.4 60.0+11.2 86.1+3.5 83.4+1.4 83.442.1
(%) (23.6~45.7) (43.3~76.2) (80.2~91.3) (78.5~91.1) (80.0~85.3)
Eftluent Con. 27.7£2.5 16.9+4.4 5.07£2.8 0.63+0.22 0.66+0.23
(mg/L) (24.3~32.8) (10.4~23.9) (0.58~8.85) (0.30~1.00) (0.31~0.98)
NH;-N
Removal eff. 33.6+8.2 57.5£10.7 87.7+6.95 98.4+0.56 98.4+0.6
(%) (17.2~40.4) (40.0~73.1) (77.4~98.7) (97.1~99.3) (97.5~99.3)
Eftluent Con. 1.91+0.17 0.59+0.36 0.61+0.46 0.31+0.31 0.20+0.07
(mg/L) (1.60~2.11) (0.30~1.65) (0.09~1.55) 0.11~1.4) (0.10~0.30)
TP
Removal eff. 58.6£3.94 87.2+7.7 86.8+9.9 93.4+5.1 95.8+1.4
(%) (53.2~66.7) (64.5~93.5) (66.5~98.1) (68.9~97.7) (93.6~97.9)

SSO] A2] A& 27HE w2 AARES Halom,
Stage 49} 59| Hot AATEO] 94.9£5.2%L} 94.7+
2.5% A& fofgt o @ o2 ] gt

+9 717t AofRlel webA RE f7IEAIE AlA
a-go] 271 A2 MLSS 552 AGS7| 331 s
7 AR Holr), B0 AR SRt AGS w5
o} e 2t Akt Qlohd, =& f1EE AARSE
o E=Edltiil HuslgictkRollemberg et al., 2018;
Bueno et al., 2020). T3} W} AZ AGS W+
BAkpz 0] WAFo] B vealofe] ulgo] ol
o, Ak el SN GrEslel §71898
AHgkcar A9tk (de Kreuk et al., 2005; Liu et
al, 2019). Kim et al.(2019a)2} Rollemberg et
al.2018)0f] w=H Z> HRTE Q] =2 7=

of wEEtlel QPgHoR PHE AGST e ¥
2 AATE) wHch Bugon, B QAN
FARISIEE AGS 41719} AGS-SBRS o] 23
3131, HRTE 24505 whio] 2ftichd 47187
S PgHOR AT RsTRS Bk

3.2 HA 9ol HHEE

Fig. 3a~bolxli= AGS Al8Ee]7]2} AGS-SBR-S
=) e huuoby Aael TR {Y F=
o 183 AAEES Yeich &9 271(Stage 1ol
+ TNI} NH3-NO| Het AA&E0] 247} 36.1% (=
2w 2794247 mgll) @ 33.6% (GES Ew
27.7£2.5 mg/L) 1.0}, Sage 371A] A AFL0] Z715}H
= 73kS B9} Stage 19] H|5}o] Stage 42 TN}
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Table 5. Bonferroni post hoc of TCOD¢, TOC, SS, NH;-N, TP, TN influent and effluent concentrations and removal

efficiencies by stages

Mean diff' TCODc,
(P-value) Influent Effluent Removal eff.
S2 S3 S4 S5 S2 S3 S4 S5 S2 S3 S4 S5
s -4.2 0.69 -0.22 0.45 25.5 26.3 37.0 42.4 -8.31 -8.41 -11.8 -13.5
(1.0) (1.0) (1.0) (1.0) 0.0)*  (0.0)** (0.0)** (0.0)** (0.0)** (0.0)** (0.0)** (0.0)**
S 4.89 3.97 4.65 0.75 11.46 16.86 -0.09 -3.5 -5.21
(1.0) (1.0) (1.0) (1.0)  (0.03)** (0.0)** (1.0)  (0.04)** (0.0)**
S3 -0.92 -0.24 10.67 16.1 -3.41 -5.11
(1.0) (1.0) (0.03)** (0.01)** (0.24)  (0.0)**
S4 0.68 5.4 -1.69
(1.0) (0.40) (0.39)
Mean diff TOC
(P-value) Influent Effluent Removal eff.
S2 S3 S4 S5 S2 S3 S4 S5 S2 S3 S4 S5
S| 0.63 -2.22 -4.55 -0.34 -0.44 -3.67 0.49 0.16 0.6 4.13 -0.97 -0.23
(1.00)  (1.00) (0.21) (1.0) (1.0)  (0.0**  (1.0) (1.0) (1.0)  (0.0**  (1.0) (1.0)
2 -2.85 -5.18 -0.97 -3.22 0.94 0.60 3.52 -1.58 -0.84
(1.0) (0.051) (1.0) (0.0)**  (0.37) (1.0) (0.0)**  (0.06)**  (1.0)
S3 -2.33 1.88 4.15 3.82 -5.10 -4.36
(1.0) (1.0) (0.0)**  (0.0)** (0.0)**  (0.0)**
S4 421 -0.34 0.74
(0.06) (1.0) (0.0)**
Mean diff SS
(P-value) Influent Effluent Removal eff.
S2 S3 S4 S5 S2 S3 S4 S5 S2 S3 S4 S5
s 2.15 2.08 9.19 3.50 -2.66 -2.07 2.30 1.75 3.10 2.53 -1.76 -1.79
(1.0) (1.0) (097 (1.0) (0.85) (1.0) (0.77) (1.0) (1.0) (1.0) (1.0) (1.0)
9 -0.07 7.05 1.35 0.59 4.96 4.41 -0.57 -4.86 -4.89
(1.0) (1.0) (1.0) (1.0) (0.0)** (0.01)** (1.0)  (0.02)** (0.05)**
3 7.12 1.42 437 3.83 -4.29 -4.32
(1.0) (1.0) (0.02)**  (0.10) (0.16)  (0.25)
S4 -5.69 -0.55 -0.03
(1.0) (1.0) (1.0)
Mean diff' ™
(P-value) Influent Effluent Removal eff.
S2 S3 S4 S5 S2 S3 S4 S5 S2 S3 S4 S5
S 0.67 -1.31 -0.17 -0.39 10.78 21.61 20.61 20.54 -239 -49.9 -47.3 -47.3
(1.0) (1.0) (1.0) (1.0)  (0.0)** (0.0)** (0.0)** (0.0)** (0.0)** (0.0)** (0.0)** (0.0)**
2 -1.97 -0.84 -1.06 10.83 9.83 9.76 -26.1 234 -23.3
0.62) (1.0) (1.0) (0.0)**  (0.0)**  (0.0)** (0.0)**  (0.0)**  (0.0)**
S3 1.13 0.91 -1.0 -1.07 2.67 2.72
(1.0) (1.0) (1.0) (1.0) (1.0) (1.0)
S4 -0.22 -0.07 0.05
(1.0) (1.00) (1.0)
Mean diff NH;-N
(P-value) Influent Effluent Removal eff.
S2 S3 S4 S5 S2 S3 S4 S5 S2 S3 S4 S5
S 2.23 0.95 1.57 0.52 10.78 22.59 27.02 26.9 -23.8 -54.0 -64.8 -64.7
(1.0) (1.0) (1.0) (L)  (0.00** (0.0)** (0.0)** (0.0)** (0.0)** (0.0)** (0.0)** (0.0)**
9 -1.28 -0.66 -1.71 11.8 16.24 16.2 -30.2 -41.0 -40.9
(1.0) (1.0) (1.0) (0.0)**  (0.0)**  (0.0)** (0.0)**  (0.0)**  (0.0)**
3 0.62 -0.43 444 440 -10.8 -10.7
(1.0) (1.0) (0.0)**  (0.0)** (0.0)**  (0.0)**
S4 -1.05 -0.03 0.05
(1.0) (1.0) (0.0)**
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Table 5. Continued
Mean diff TP
(P-value) Influent Effluent Removal eff.
S2 S3 S4 S5 S2 S3 S4 S5 S2 S3 S4 S5
S -0.02  -0.01 -0.02 -0.03 1.32 1.30 1.61 1.72 -28.5 -28.2 -34.8 -37.2
(1.0) (1.0) (1.0) (1.0)  (0.0)** (0.0)** (0.0)** (0.0)** (0.0)** (0.0)** (0.0)** (0.0)**
2 0.014  0.012 0.010 -0.01 0.290 0.399 0.35 -6.20 -8.58
(1.0) (1.0) (1.0) (1.00)  (0.01)** (0.0)** (1.0)  (0.01)** (0.0)**
S3 -0.01 -0.03 0.305 0.413 -6.57 -8.94
(1.0) (1.0) (0.02)**  (0.0)** (0.02)** (0.01)**
S4 0.01 0.108 -2.36

(1.0)

(1.0) (1.0)

1**, Statistical significance at reliability levels of 95%.
1, Mean difference = (colume mean) - (raw mean)

NH:-N9| A AFE0] 2127} 74.0% H 97.7%7A| 57}
SIQICKFig. 3; Table 4). wpA[} HAlolA= TN}
NH3-N9] 954 5t 7127} 7.33+0.69 mg/L (B
AAEE: 83.4%) L 0.66+0.2 mg/L (B AATE:
98.4%)= FAI =90, RS S50
Fig 3a~bofA= & 4= ¢J5%=0], Stage 1 ~47}%] 95% Al
o8 oM fEe] st dassigl o, o
7Y} Stage 4~5= A= thEA] g2 v, g3k A
© & ZAF} 2= 9ltl(Table 5). AGS AHEa]7|& <lat
o] AGS9] 557} =olR|aL, YRt =717F A% AatE
S = e AGSUAF =717 Aol wef, Wi
Akago] /e, Es) vl gjort walEThal &
Z)t(de Bruin et al., 2004; de Kreuk et al., 2005).
de Kreuk et al.(2005)+= /% 223} vl|2]ol= AF
5ol FAERE NOs -NE 2s}sto] 2art A1A
Er}ar Bk Pronk et al.(2015)9] Apojaz E
At FABHAIE AGS YAELZ17F AX|AL W7 9
F2 G5 ot AlAREC] gAZ o= okl Ao
2 Busict wEba, AGS AEEe]71E SBR¥} 37
=FeH, AGS FeE =o)L, AR & 719
AJeto] T A0 w2 AARE 22T = S W
o}5=3ic

Fig. 3ci= TPO] §¥4= 5%, §25 &% 122l A
ARES &9 71Kl w2k Ui Stage 10414]9]
TP Bt AAFELL 58.6% (24 & 1.91+0.17
mg/L)2 W FA7|ES S50 X3tk Stage 2
~38 ol webA AlAREC] S7H=EAHFig. 3c).

Stage 4 SHHE] pilot plant 2% HRA[L7}A = Qg 4]
2l A=) qlet. Stage 42} 5= 95% Al=|g=<EollA] A|2
T2 %] I Table 5). Stage 52] TP $&¢ sr=
0.2040.07 mg/L (B A &S 95.8%) 2 HRsraz)
71221 0.2 mg/L o] ZAle] =3t 3 AS =Y
Soh, AV 55T o & Ao N E
HAESHAA RS FolA] QI Fd] AlAse] S3A
AR FolE o= TEETh TPAIA= TN AlA
At SAIE=T, ol AGSS] YA |9} F i
£ A o= Helth AGS9| JA=7)7F YAdstA AA
H AGS o] d714d3e] B/dEthar A slckde
Kreuk et al., 2007). &7|AdZol= ¢ &4 v¥&E
(Phosphorus Accumulating Organism, PAQ)o] A%F
5, o5 FolAl & AAT = Sl A= AHASL
tHde Kreuk et al., 2007; Winkler et al., 2011). 213}
Az AAN= AGS AR 2719t 5Tt F-a%t a9l
ojr, 1 7to]] =QJE AGS AEE]7|7} ¢Rke] 7]
£ AAA7II, AGSO] B obd 0ehEd AT
2891 702 243 4 9k

3.3. MLSS % SVI30

Fig. 4of= AGS7} 255 SBRI} AGS AHER]7]
L-of W= MLSS, AGS/MLSS HJ-& 9 SVI;02 UE
Wk x27)9] 338 MLSS 5%+ 1,000 mg/L (AGS
E%=: 549 mg/L)o|3t). Stage 1~2 Zojl= MLSS &
=7t wA3] 5510 4,250 my/ L7 =ESIGi: o]
2 oA e 2olA] widEE AGST}
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Fig. 3. Influent, effluent and removal efficiencies of (a) TP, (b) NH;-N, (c) TP in pilot plant.

2 el sl 27lo] Wsjel 7|QIgh A oR 57
Fck Yan et al.(2015)0] W2, & o= Al
ARl S7iElo] nlgEe] /o] "ol L, A7ggt
Aol 2ol FokxittaL siglet. whehi W2 ¢

2 v AR Bl A =4 Yo 34
o] ARpo] o]gal Ao & WekEr) Stage 30J|A]

£ 58 MLSSE 248}717} 2ol 2|2 ujEs)o] <
2 24510] 3,220 me/L7IA] ZHABIAOL, AGS Bl

©86.3+1.06%= AA51A -G-A|=]9ic) Stage 4 (MLSS
e 3,496+252 mg/L; AGS/MLSS HiH]&:
86.1£1.3%)2} stage 5 (MLSS His%: 3,753+53
mg/L; AGS/MLSS HH|&: 87.6+0.99%)= £/
S8 [FoJelA Bato] 257 mg/L /gssto] PR oR
GA=|Qc) Stage 12 A|J5kL AGS/MLSS H|&-&-&

@ Aol A 86.5+1.3%= AFSHA FAIEUA,
Stage 52 Th2 7|71HC} 1.41~1.61% SFAE Aoz
UERJti(Table 6). MLSS 57} Wafto|w Ea)ar
2217171 Zdetef] A AGS/MLSS Bl&o] FA1E 2l
AGS AMERe]7|o] Gake melck & Aol St
AGS AHE7I7F mAEsAls HiEEar 4%
AGS?| &2 W Az =k

SVI;p+= pilot plant 20| Hof u}ghA] xj&F o2

wolRle AS YeRickFig. 4). Stage 1914
AGS/MLSS 2] v-g0] AlE3lo] SV 243 gAs

Bk o= AGS/MLSS Hl& 3712t AGS 9A=7]
7} AA 27d/do] B A0 R & 4= it} Stage 4~5
717 E2olli= 188 mL/gollA] 72 mL/g7HA] =eatgih.
AGS/MLSS v}-8-8 UAFIAE SV 3= Ik



304

Table 6. Bonferroni post hoc of MLSS and AGS concentration, AGS/MLSS ratio and SVI;, by stage.

- ool
I\gfjlaﬁj g MLSS concentration AGS concentration AGS/MLSS ratio
S2 S3 S4 S5 S2 S3 S4 S5 S2 S3 S4 S5

S -1,779 -2,511  -1,613  -1,870 -1,521 -2,165 -1,384 -1,659  0.412 0.09 0.213 -1.20
(0.0)** (0.0)** (0.0)**  (0.0)** (0.0)** (0.0)** (0.0)** (0.0)**  (1.0) (1.0) (1.0) (0.10)

0 =732 165 91 -643 137 138 -0.32 -0.19 -1.61
(0.0)**  (1.0) (1.0) 0.0)**  (1.0) (1.0) (1.0) (1.0)  (0.0)**

S3 898 641 781 505 0.118 -1.29
(0.0)**  (0.0)** (0.0)**  (0.0)** (1.0)  (0.08)**

4 -257 =275 -1.41
(0.05)** (0.0)** (0.0)**

! Mean difference = (colume mean) - (raw mean)

ol= AGSY| R I7F AN Atz 24 = Sk
(Szabo et al., 2016; Kim and Ahn, 2019a). AGS A1
715 FolA 22 dAR] SRl viEEAL AGS
QA 21718 4 A W] A4 AT B4 9
o mebA] AGS APHEE]7 1 MLSSS] w7t st
Elehe AGS S Q1 719) F04 ek ofujzk QA
o) PakeBa H7I45S TEe] A, ol 12T §

71Ee A H o A7) ek

5} 2~ 0]0 O
Q‘T‘M\ja

400

oy t '. t |. o = g
2 o E
= 3000 {3 g tm 2
"W i Pag 18
Y A8 ul >
s ‘ gw(g%{ia p_E"- %Qg}?%s% b g 7]
2000 { R
f 2 -G R
100
1000@ | @ MLSS % &

—H- AGSMLSS
-0 svisn

20 -III:-
Time (day)

Fig. 4. Results of MLSS, AGS/MLSS ratio, and SVl in

pilot plant.

B

3.4, ¥atein|g
Fig. 5% pilot plant -2%7|7} 2<F FAJE AGSE
5] o = PRt Aol Pilot plant 2 710
+ 9F 0.2 mm We]o] 2715 HrE o] A|&E o]
AGSHIEO] £OIA|AL AGS UR=717F AA 0.3~0.4
mm7} =T Stage 4 ~5041= AGS/MLSS 2] H]

= DM A= ol S ==L

ol= AGS UAe] =717} 0.6 mm 7Hx] /g At
4= 9lek 138~151 day2] AGS FEWHol= 714] moF
o o}l o] yelglom, o= AGS AP S
3F 7k ks gk Zlo& 45k o= 9JrkDangeong et
al., 1999; Haaksman et al., 2020). ¥, @] AGS
QpETe vt e, 2t e sl
Yang et al.(2005)+= o] @42 v|AE A7 EPS
£ 9] HiEst] eflest S4do] ersiil Aajetal
HAgk AGS AR viAl SRS AlAsiaL
AGS9 {55 AAIst] dAsHA| A1 9 ohzt
AGS QA o WARE AR Aow 24
= UK Szabé et al., 2016; Li et al., 2017).

3.5. AQHM 9 ANMHEN

Table 72 AGS7} 2%Z% SBRI} HEH AGS AH
£27] 9 & A9 slo|=rA|EE AGS AlERe
717} 22951= WALS H|wsieirk ES AGS ATHE
2719} slo|=RAlo| 22 AGS AEiEe]7]e] Aaw
Ao 7k 2041 m* (42959 33.82 m’) L 14.8 m?
(4859): 252 m’)o|c}. WEF AGS AlgEe]7]o] H]
slo] 2 Aqtoll] AKRE AEEe]7]9] 4arF o]
27.5% (AQ35] A7k 25.5%) A7 Qich w3l WE
B A P o) JoAsHAEEE FAREAL 7]
of] teZglof] we, o9} siigo] AYE 4= Qlrk. sEx|RE
Slo|ERAIZES WG] SoA AGSE Eish=
v, MEY O 2 AR = BAE Aeh 4= Qlck. 18]ar
2k FAo M= AGSE2)7E 7Fs3h vl 7122 skeA]
2ol 2712 AR|eh= Zlo] goldh A 07w
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6 days (stage 1) 10 days (stage 1)

138 days (stage 5) 145 days (stage 5)

Fig. 5. Morphology observation of AGS during the operation periods in the pilot plant. 40 magnification by optical microscope.
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Table 7. Required area according to AGS separator.

AGS-SBR and Belt separator AGS-SBR and Hydrocyclone
(Lee et al., 2016; KEITI, 2018) (This study)
Equalization tank 0.5 mWx1.9 mLx0.7 mH = 0.95 m?% 0.67 m’
AGS-SBR SBR 6.2 mWx1.9 mLx1.8 mH = 11.78 m% 212 m®
Discharge tank 0.75 mWx1.9 mLx1.8 mH = 1.43 m?% 2.57 m’
AGS separator 2.5 mWx2.5 mLx1.5 mH 0.78 mWx0.78 mWx1.2 mH'
separalo =625 m% 938 m® =061 m% 0.73 m®
Total area 20.41 m* 33.82 m’ 14.8 m% 252 m’

Table 8. Power consumption according to AGS separator

AGS-SBR and Belt separator AGS-SBR and Hydrocyclone
(Lee et al., 2016; KEITI, 2018) (This study)
Influent pump: 3.7 kW Influent pump: 0.6 kW
Backwash pump: 2.2 kW Backwash pump: 0.35 kW
Power (kW)
Belt: 0.75 kW Effluent pump': 0.6 kW x 2
Sum: 6.65 kW Sum: 2.15 kW
Total Power consumption 1 hr/day® x 6.65 kW 1 hr/day® x 2.15 kW
(kWh) = 13.3 kWh/day = 2.15 kWh/day
Contract 8,190 won/month x 6.65 Contract 8,190 won/month x 2.15
ower kWh/month x 12 month/yr ower kWh/month x 12 month/yr =
p = 653,562 won/year p 211,302 won/year
Electricity cost (won) 101 won/kWh® x 13.3 101 won/kWh x 2.15
Y Power kWh/day x Power kWh/day x
consumption 365 day/year = consumption 365 day/year =
490,305 won/year 79,260 won/year
Total cost 1,143,867 won/year Total cost 290,562 won/year

!, Overflow pump and underflow pump
2. AGS separator operation time per day
3, Korean industrial electricity prices are applied (101 won/kWh), (KEPCO, 2021)

Tible $ AGS H18Rel7Iol S0 S Sl 9 Mol 0I5 ol P 28 ol

H-E-2 AXRICE WE AGS AHEe]7]9} sfo]=& 2, T 50| aErh Egt GAEEE WHE HAHE A
ARIEE AGS AR 488k Hge 27 Asforsl= v, 50| 597K HEr }éﬂﬂ
4854.5 kWh/year 2 784.8 kWh/yearo|3jct. slo|=2 o2 ZFAFC] vhHo||, B od5lof| A AAIS slo|=2A)
AOlEES o83tk WEY] nHlg] AH8HHE la__ T &=, FEt diEs ol8si
83.8%7} A 4= 2k Lee et al.(2016)1} KEITI AGSE BEojsla g, HEF| v]glo] 2R %5,.4 Ha
(2018)of|A] AQket WHIEF AGS AdEe]7]= It = OI%SHE HEH T} 5535 HeldeS vepd A

501 e HEQ] JEA| ZARE sfofeit). E3E HE ek
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4. 2 B

AGS7} %% SBRI}F AGS AHEE]7]Q] slo|=&
Aol Z22] pilot plant (50 m*/day) %52 53+ E4&
Bl

1) Pilot plant 223} & 24 272 51579 6
cycle (%, R4, =71, F=/5A 212160, 15, 120, 45
min)o|H, slo|ER2A[o}FE ] 7FSAITES cycle T 10
&GS djolet. s 2ollA LdEAe] AAR
&o| =L P Ao|glom, AGS YR=7|7F ARl

2) & 29%71Q] Stage 59)4¢] TOC, SS, TN,
TPY & 55+ Z2ZF 6.89+1.4 mg/L (AAEE:
91.7+1.7%), 7.33+0.69 mg/L (A|AFEE: 94.7+2.5%),
7.33+0.69 mg/L (R|AFE: 83.4+2.1%) 12|l 0.2+
0.07 mg/L (AAEL: 95.8+1.4%)2 [ A< Hfg=ss
A7 B WEESIGInh ohal Q19 Aoll= A
= HE A A YT 2art ook

3) Pilot plant -2 ZHlofl= MLSS 9] 5=2] HE0]
A OLE, AGS/MLSS HIE-LS 86.5+1.3%=2 LA
FAESCE o= AGS AHEE77F 7RsEe] viMiE
A= AAEIL AGS O] f=55 AR dat= Helch
AGS/MLSS?] Hl&2 4= 518kl SV
FAF WA Elo] 72 mL/gol| =3k o= AGS YA 2
7174 A= & 4 qloh

4) FsFAn ARRlo R xpe] 7|7} ARLS it
ohza, o] skl 2Rt Fej= PAHE Ao=
Hyck

5) WHEY AGS AEie]7]e] vlste] 2 Atolla] A
ARt AGS AEE2)719] aaRx|ep Hdee 74zt
27.5%, 83.8% A7E|Solw ELska S35 AHE
2] 4 2ok

2ol 2
B =R A7) se] AulX A
: D2020152)0]] 28 ==k
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