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Abstract

Wastewater treatment plant(WWTP) has been recognized as a high energy consuming plant. Usually many WWTPs has
been operated in the excessive operation conditions in order to maintain stable wastewater treatment. The energy required at
WWTPs consists of various subparts such as pumping, aeration, and office maintenance. For management of energy comes
from process operation, it can be useful to operators to provide some information about energy variations according to the
adjustment of operational variables. In this study, multiple regression analysis was used to establish an energy estimation
model. The independent variables for estimation energy were selected among operational variables. The R* value in the
regression analysis appeared 0.68, and performance of the electric power prediction model had less than £5% error.
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Fig. 1. The Process flow diagram of N WWTP.



TSRS B

At

|k A3 Fig. 29 22 WSS Ao
& A

o= Aol FgnlE T FHE
HHl= 272 52717 819
A8 Araksel o8 AR vE Jem(KSWW,
2006), Fig. 2.1614 apAg)7de] 7]7]1dn] o] 9 4
HE-5 vt o] T 55719 A9 AH1E-237%
AR A o e O, L A] B2 SR
WS 913 H Rl o3k A= AnlEo] 2 A
t}. o] g} o] F HlE-& 2 Ek= $E 71

ZHlE Eol7] flal, SEF Aol ok La s
H] o] Q) 7} -2 Aso] A Eis] g E o] @
3 At Amand et al., 2012; Ekma et al., 2006;
Fernandez et al., 2011).

tlo o,

[e]
=
=
K3

o mg 0%,
(L o
HLNG

i
=

M
.
i

i

N

2}

o o o
IS
4
30,

D
=2
£
)

o

Return sludge

pump
6.0%

™

Inflow pump

Sludge 17.0%

dewatering
facility
4.0%

Digestion tank
agitator
2.0%

Air blower
37.0%

Centrifugal
thickener
6.0%

Fig. 2. The ratio of the power consumption of the mechanical
equipments in N WWTP.

Table 1. Operational conditions of N WWTP
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. : partial regression coefficient
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Operational Conditions

Operational variables Unit
('10.01~'10.12)
Influent flowrate m'/day 311,716
HRT hr 4.7~8.8
SRT day 39~154
BOD space loading kg-BOD/m’ - day 0.34~0.84
F/M ratio kgBOD/kgMLSS - day 0.20~0.53
MLSS (suspended) mgL 1,018~1,858
MLVSS % 764~1,310
Ratio % 235
Return sludge
TS mg/L 3,488~6,432
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Table 2. List of independent variables used for multiple regression analysis
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No. Independent variables Mean SD
1 Qin 312,396.30 41,911.22
2 Temp 20.45 4.73
3 SRT 533 1.59
4 DO 1.95 0.79
5 Qras 64,606.44 9,485.98
6 Qfir 1,206.11 353.34
7 Qsec 2,496.93 690.61
8 Qthic 275.10 140.38
9 Qdin 1,001.31 248.92
90,000
o Measared
§“ ——Calibrated
= 80,000
&
g
3 70,000 " =%
- -
E |
E
o
= 60,000
50,000
0 50 100 150 200 250 300
Time (day)
Fig. 3. Calibrated using prediction model of electric energy.
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Fig. 4. Validated using prediction model of electric energy.
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Table 3. Multiple regression analysis results
R R Adjusted Std. Error of the Change Statistics
2 .
R Estimate R? Change F Change df1 df2 Sig.
.827 .684 674 1632.45971 .684 71.377 9 2978 .000
Table 4. Result in the analysis of variance
Model Sum of Squares df Mean Square F Sig.
Regression 1,711,930,763.889 9 190,214,526.321 71.37707 .000
Residual 791,482,640.671 297 2,664,924.718
Total 2,503,413,404.560 306

AFAIL, T3] TR oll ARS-HA] 229571 H]elE]
ol th3h A5 Aol = 0.8339] o AR ES BTt
(Fig. 4). =3t ol 559 2] U %(precision) S XU} 7}
T o7 g7sl7 ] 9lal Al A= AR BElo] o=
gk gkol ApolE thE wf &3] AHE-¥= RMSE(Root
Mean Square Error) & =235t o5 22 7ol A
Sl el ol A AR ARt e AlEe o] At
Ato] €] RMSE= 9F 1,603 kWh/day = 5% ©]3}2] w2
A2 ERIHAT. o5 mee] A5Ade] gk
RMSE*= 1,818 kWh/day & 5.2 7| ¥tof| 4] €] RMSE %k
HUR= AT A 5% o]ake] eatms oS Kdo] 4]
A0 AFE NS Rl

53} 3] 7)1 4) o] fad S weksl] Sl A wel A
€ R2 82 0.674% AXEIQATE o] 21 %%Eﬂ? y7}
=AW F6T%E xS WEo T A
E°UWE4F§: %%ﬁVF@#%_<ﬂéﬂ
HE=A] Fksh= gho 2 Fiko] 2 o) e]7]
&g} 3 8 5= QJtH(Noh, 2007).
0.05 oJol] EA)5}7] wjiof| w3~ 2 3}s)
Wit

3.2. ARl o4 44
N2 3] U] 212 o
1 5)71250] Fol e B B le]
3}, obe) Eoh e 7

o >1\‘

[e]

-
=

O o EEE

Table 5. VIF values for determining the multicollinearity of the independent variables

Unstandardized Coefficients

Colinearity Statistics

Model
B Std. Error Tolerance VIF
(Constant) 52,095.194 1,414.011
Qin .057 .003 .500 1.998
Temp -104.068 32.269 374 2.676
SRT -198.114 77.338 573 1.746
DO 167.094 150.689 611 1.638
Qras -.017 .012 7107 1.414
Qfir -.560 312 716 1.397
Qsec 131 153 779 1.283
Qthic -.258 .832 .638 1.567
Qdin 483 464 .653 1.530
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