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A study on an intermittent aeration membrane bioreactor system using ammonia sensor
to decrease energy consumption and sludge concentration by tubular membrane
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Abstract : Itis essential to decrease energy consumption and excess sludge to economically operate sewage treatment plant,
This becomes more important along with a ban on sea dumping and exhaustion of resource, Therefore, many researchers have
been study on energy consumption reduction and strategies for minimization of excess sludge production from the activated
sludge process, The aeration cost account for a high proportion of maintenance cost because sufficient air is necessary to keep
nitrifying bacteria activity of which the oxygen affinity is inferior to that of heterotrophic bacteria, Also, additional costs are incurred
to stabilize excess sludge and decrease the volume of sludge. There were anoxic, aerobic, membrane, deairation and concentra-
tion zone in this MBR process, Continuous aeration was provided to prevent membrane fouling in membrane zone and intermit-
tent aeration was provided in aerobic zone through ammonia sensor. So, there was the minimum oxygen to remove NH,-N below
limited quantity that could be eliminated in membrane zone, As the result of this control, energy consumption of aeration system
declined by between 10,4 % and 19.1 %, Besides, we could maintain high MLSS concentration in concentration zone and this in-
duced the microorganisms to be in starved condition, Consequentially, the amount of excess sludge decrease by about 15 %.

Key words : NH,-N, Nitrification, Auto-oxidation(Cell lysis), Tubular, Concentrate, Intermittent aeration, Electricity cost, MBR
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2006). AgA-toA HAisikg-o] F a3 DO
Zz4L2 05 ~ 2.5 mg/LE 1/]-E]-‘/"OEﬂ‘l(Shm
2002) DO 0.5 mg/LoflA W& &EAbaofA
= AAiskgo] S48 fashs AP HAl
tHQingjuan, 2008). AW ==
2+ DO 0.1 mg/LofA = 7]~—3P‘3}%
A ck(Park, 2006). ©]&3gt o ;o<
20| =3 A= Adtol H
A 948 AR 917] Wizol Baet AL
J=o] WA Fh7| wjZoltt, whepA F
Ak A4S 918k DOs= 7|&2 2 °F 2.0
mg/L& Ak glow o]= & HegH] 7t
o] 5 Qo g 283ty
2 dAFolA = FAH 2 MBR Z2A A
o]gslgom wHe|RL oo HIRE 9
sto] 24A17F A4 Z715 S 27|29 A
DOE:= 7|&0] ofd ey old Aasrs 7|
O & M A Z71E s AEE ol v
'115:01]/\1 AAE = Y obsk g 151 e
H 1% 57| Fof EYol AlAE AXA|sle] 1t
el 2ol 4 AAEE QH Yoy Ak g /]

50| o] o]

SRERE

F5 )4

et

Coagulant

4

Q [

A S Ak dEyol AlA 29
sto] HzY Ml Adstol 54 Al uf
AEA A o] o] Fo XA ﬂ@‘t}
Ao G flsto] ol T
ol %14}:% Ao} oF pH 4 oA 2A17F J= Aﬂ
omj 271202 HACHARY] -4
AbsEs FA45}
AL SFEYof Al gk wlal shgleh, wheba] &
AFo] HA2 Tz A drYoM s
of we} 7+ Zr|gto 2 A e Jrol= ut
we oA Ashs WA o= dYn] Astr
T8 & TAE JAEHA Aele sHEE 0

w2 s 2%

2, TR A Wl
2.1. 22/%}

2 Aol AREE EEuk2 wrEE| x| o] &
gt Fula} H5 20 A o] g5k g uto|n dhig]
%o0f o] 83 Bk 0.4 ymo| = A7|E 7HA

Chlorinated polyvinyl chloride(C—PVC)& A}
Son o BEHAL BwEY 148 m?, 90L&
B2 AASAY. w520 o8t HEe 2

o] 2 m, 27 1_2 cm, 5= 7] 30 nm® UF
PVDF 77

g wAH 0w Aste] ALgatert.

Flow rate rank Anoxic

H zone zone

Aerobic Membrane Deairation

Fig. 1. Pilot-scale schemes,

zone zone

Excess sludge discharge’



ISSN (Print) 1225-7672
ISSN (Online) 2287-822X

Journal of Korean Society of Water and Wastewater \Vol. 28, No. 2, pp. 161-170, April, 2014

1T =]
U N o,
o o
1o

>

U |

)

2

rr

[z o

[

P

BN

fot

N

BN

=

F{O o,

oo
BN
S 2

AT g

w
O fo ®
I T VPSS

o=
.
o

N
oo o T
XN g

2 flo

o Hr

x
£
"H'U

o X

)
N

il
N
ot
=2
o
of
2{;
filo
o
rl—r
BN b

g e & =1
oy X
32
£ ;
off
Ay
N
rr
T
)

—Eogjg

(@]
=%
O_I

mg/LE FA o 2 24 Aloj&
71%E 54.0 m?/hrZ2 §A39 12 57]
%2 18.5 m?/hr2 X3}ttt A&
AAZ Aol W% AR5
Al 2}5H4 Ql AIAE 1k PARS]
Aol SAAQ MC500e e =
47 F=(115 ppm) &2 FYF3ct, —?1—54
Fule HodurA o2 3 parz +H3%

0 ~ 90 LMH(L/m?«hr)24 MLSS %‘—Eoﬂ

[o 2 1o oy
”4“ £ o ol of
N
;.:m& &3

rié-{éuinglJl-szﬁizrﬂ\iinElzlzldfl-Nr{m

N

Table 1, Influent concentration

Influent concentration (mg/L)
SS 255 T-P 5.2
BOD 123 NH,-N 245
CODcr 263 NO3 2.5
T-N 35.0 PO,-P 1.1

Table 2, Treatment facility characteristic

Sewage treatment plant feature
Storage
HRT(H: SRT(Ds¢
capacity(m?) (Hr) (Day)
Anoxic zone 4.4 2.1
Aerobic zone 3.5 1.7
11 ~ 22
Membrane zone 3.5 1.7
Deairation zone 1.1 0.5
Concentration zone 3 144 7.5~10
Concentration zone(Sludge reduction)
Flow rate Velocity
t i MLSS IL
Operating time (e/he) (m/se0) (mg/L)
50 min operation 1 25 20,000 ~
10 min break o 30,000

upet Agolskat. e SHista o] ahA]
B4 d4g AHgstd o A5 Aae A
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Fig. 2. Energy consumption reduction rate,
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Table 3, Average water quality and operating condition

November ~
tob
October December
BOD(mg/L) 123
SRT(day) 10 14
Influent NH -N(mg/L) 34.4 24,5
Membraldne zone MLSS(mg/L) 9,811 8,402
Aerobic zone MLSS(mg/L) 7,358 6,302
COirgamc mlleter 123 117
Air ecomposition
consumption Nitrification 1.6 1.1
(m*/hr) -
Total 31% 13.9 12.8
consumption
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Fig. 3. Reliability verification.
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Fig. 4. Aeration time according to MLSS,

Table 4, Operational state

Aerobic Influent | SRT Aerobic zone DO (mg/L)
zone MLSS
(mg/L) $S(mg/L) | (day) | Blower ON | Blower OFF
3,400 11 2 0
140
6,400 20 0.3 0
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A|gk ofefl Table 59 o] Ae]ahE axAl
70| wl2} HRT(Hydraulic Retention Time)
7h worp o A AlFAIE A &5 50 m?/
day 2.4Q wje} Blaste] 2250 2}o]7} LA]
QYT 2 AFollA TAIZE HUE Y F RS
o] 3Q%= W of 2AXF33E B7x 527t
AE3FAAL 5QA S W= oF 11+ BRIV &5
sto] B7]1% F7] Aol HF S0l BG5S
= 9 AN, 2 o] B9 3Qu Hu frE
of o #& A4 Haet T Yoy A
T o] HEH T B3 27| 52 OFFA
o Faba x7lo] Ho] 2o| o3| pHY} 4
37 E=d 9 5Qol M= 5% B2
OFFA| &40 93t pHAASS 3ot & 4= §l%
o}, o] W FARAZ ORPE H+t 8.5 mVA o
717} ARE WS Al9Jstal ©7]1x= ORP= 3
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SHA] ko] WEpA A = A4 /9IS 8o
WA AFARE Fae 34 AA7E 314 i
wetE, ojnjo] A AFAIZEE 2870l
471 A (3)ell &Jsto] 8 o= ItH(The Minis—
try of Science—Technology, 1999).

HRT (3)

HRT" =

= =
HRT @ frd=eoll tidt =2k A7t

Table 5, The change of real hydraulic retention time

Treatment Treatment
capacity : 50 m* capacity : 30 m?
HRT 1.7 Hr 2.8 Hr
Return ratio _
of sludge Q 2.4Q Q Q
HRT® 34 min 30 min 42 min 28 min

A AFAI o] 282 o AL AAE
2= 15 % AFHE L om robyd A
210 % 435k

w

3 ZH Z7| 2} MLSSof| t}& ORP, pH2| ¥#i3}
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whepa] Ly of AlA HAfAJofl= ORPe| 2
gt HEE7] Aol 7hg skl AHE S22 ¢
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A AT B2 Y7t 255 pH 348k,
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7] W&ol pH S71sHA "tk(Suh, 2000). ©
23t pHe} ORPS] W3} &2 A=t (Lee,
19973 AR Aake Bk, 3 7HE 27
= #8435 MLE(Modified Ludzack Ettinger)
2 A%/O F42 7]E2 MLE ¥ A%/O 34 K}
% Ax AAREEO] 47 F 10 %2} 7 % 7VF
2 Ao & ¥ gkl gtk (Cho, 2001), wet
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i - (]t 61
60 1N = { 6.05
2?, i L s9s
-20 ﬁ k 5.9
-40 5.85
0 1HR 2HR 3HR 4HR SHR 6HR
Time(HR)
Fig. 5. The change of ORP, pH(Aerobic zone MLSS : 6,517 mg/L, Qr : 3 m%/hr),
ORP(mV) ——ORP —pH pH
250 - - 61
200
150
100
50
0
0 1HR 2HR 3HR 4HR 5HR 6HR
Time(HR)
Fig. 6. The change of ORP, pH(Aerobic zone MLSS : 3.390 mg/L, Qr : 3 m®/hr),
Unit : LMH/bar ——LMH/bar B MLSS Unit : mg/L
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120 . "am ::x
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80 "y o 30,000
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0 : : : : : : : — 0
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Fig. 7. MLSS, Flux correlation,
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Unit : mg/L
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Fig. 8. MLSS, SCOD, N, P correlation,
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