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Abstract:  This paper outlines the technical principles of precise aeration and its process
optimization algorithm and the control strategy in wastewater treatment. Through its application to prove
the effect of energy conservation and carbon reduction, it indicates that precise aeration is one of the
important technologies for wastewater treatment plants to achieve energy conservation and carbon
reduction. The research includes the principles of technology, calculation methods, and control strategies.
Model software is used to simulate the process of wastewater treatment plants, to determine better

operating conditions under different scenarios, and to calculate the air supply and dissolved oxygen
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concentration based on the optimized operating conditions. In practice, the precise aeration is realized by
the control strategy of feedforward and feedback. Feedforward control includes calculating the theoretical
oxygen supply according to the flow and quality of influent and adjusting the air supply concerning
conditions such as blower load or frequency regulation. The feedback control is adjusted according to the
deviation between the actual dissolved oxygen concentration and the setting value, ensuring that the air
supply meets the actual demand and remains stable. During the implementation of control, the cascade
control of dissolved oxygen concentration and air flow is adopted. This involves adjusting the opening of
the valve according to the dissolved oxygen concentration and pre-adjusting the blower according to the
flow trend of the air flow meter. This cascade control can reduce the fluctuation of air supply. The results
show that the average power consumption of blast aeration for the removal of unit pollutants in the
wastewater treatment plant is reduced from 0.418 7 kW +h/kg(COD+NH,—N) to 0.384 1 kW -h/kg(COD+
NH;-N) by applying precise aeration technology. This results in an 8.2% energy savings and a 431
kgCO,-eq/d carbon reduction. At the same time, the dissolved oxygen concentration of the internal and
external return sludge was reduced from 2.5 mg/L to 0.87 mg/L, potentially reducing the consumption of
489 kg carbon source (COD) in anoxic and anaerobic areas every day. Taking sodium acetate as an
example, the average carbon reduction is 350 kgCO,—eq/d. Considering energy conservation and

consumption reduction, 285.5 tons of carbon can be reduced every year with this technology.
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Fig.1 Cascade control principle for aeration system
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Fig.2 Generalized model of wastewater treatment process
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aerobic sections on the nitrogen and phosphorus removal
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Fig.4 Influent sludge load of a WWTP
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mg- L™
BATSHL | V5N DO, DO, DO,
Kl 4226 1.08 1.59 0.87

{E: DO U A i B i S W 5 5 DO, N i 4ib s

BRI SR JEE 5 DO, g 4 A i F) 8 AR

75 U8 51747/ (kgCOD - kg 'MLSS - d™) | DO #& BF 2 il {/ (mg - L)
0.006 ~ 0.008 2.5
0.003 ~ 0.005 2.0
0.001 5 ~ 0.002 1.5
0.001 ~ 0.001 4 1.0

B S ) 2 S o I 1D % T R, R A R R
UE G423t 1) 5 i S VA B8 R s (B PR P . iR
BT AT R 2D IR 55 O v R E R T e
B BE oy A 0, B R YT B s > — 1y,
VR SER P B A T8 B RN PR e F A

XoF FASTE] 35 K AL FR T, AT AR 45 H 7K 7K o 9 4%
PL COD V5 e 7 oy ol 22 15 Je T oy i 47 g A< 48 ol o
PRk R RN AT e X N B Ll S 7
4 HABAABR

XFFiE KT HE AT, R i RS T RE R AR
FR DR HE = 7 T R o B, RS ME AR,
FEARAIE TS 7K b BRASAE W it S W25 T, BRI K
I 7 o7 B B 9 sk B RS0, 9 sl XUBIL Y FLFE , S
TIRE o LU, 3 a4 ) G Rt R i 1) 9 i AR TR
RE ALK PN [0 358 AT A7 T 97 2 A S 4 3l R R 4 3t 17%) 3% it
SR B PRIE R At R DR AUt Ak T R A1 AR AR A i
RS, BRAR A i TH AE DO TR, 1 48 IO AL i VR 2
FUA i o A H R A 24 500 9 R sk s
TRAh BT B[] 2 e HE A, PR 4t R R 4 b Ak

157K B EE E AR AR B K SR BR HERL , 755
Tt i 5 B I S A B K B 2K AT BE A% 38 B HE L
PR . SR DR B B U 15 KT 1 KK B T —
P AHECRRE . PSRBT %K s AT i
JRGHE ST B X A ] i S0 ST 00 5 e 4L

20000p —AFEMAE o DOSf
17500, bR —DO RS 12
=15 000| " . 10~
Sl A
= DAL U A | (h “' ' ho =
1% 7500 il 4 e il i | ( Ny ‘ M "'] £
T 5000 |- |1 s VTl T f “m'i 2
2 SO0 DA I AR il =
o m m m m m m o
— n o @ = b & B3
— — o™ (o'} (]
e - S -
~ ~ ~ ~ ~ =~ ~ =
IR 1]

BE5 Z=HISK HHSESDOEGIER

Fig.5 Air supply and DO control status of the case WWTP
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