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Abstract: The level of automatic control in a wastewater treatment plant ( WWTP) was improved ,
which aimed to achieve a stable effluent quality, energy-saving & cost-reducing and reduce labor intensity
and operation costs. A biological process control system was designed based on mathematical modeling
software in the upgrade and expansion project in Zhuyuan WWTP, including the calculation of oxygen
and air demand, air pipeline sizing, blower selection and system planning. At the same time, a controller
was used to predict the energy-saving & cost-reducing effect of the control system applied in the WWTP
based on one-year historical data. The simulation results showed that DO concentration in different control
zones decreased with the water flow direction under dynamic DO control mode. Although ammonia
concentration in the effluent was slightly higher than that in constant DO control, the over-standard rate
did not increase significantly. Meanwhile, dynamic DO control was conducive to nitrogen removal.
Compared with the constant dissolved oxygen control mode, it was estimated that the annual total nitrogen

emissions could be further reduced by 62 050 kg, and the total nitrogen concentration of the effluent
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could be reduced by 18. 7% with 22. 8% energy-saving.
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Fig. 1

Name

Fbs - Readily biodegradable (including Acetate) [gCOD/g of total COD]
Fac - Acetate [gCOD/g of readily biodegradable COD] 0.15
Fxsp - Non-colloidal slowly biodegradable  [gCOD/g of slowly degradable COD]
Fus - Unbiodegradable soluble [gCOD/g of total COD]

Fup - Unbiodegradable particulate [gCOD/g of total COD]

Fna - Ammonia [gNH3-N/gTKN]

Fnox - Particulate organic nitrogen  [gN/g Organic N] 05
Fnus - Soluble unbiodegradable TKN  [gN/gTKN]

FupN - N:COD ratio for unbiodegradable part. COD  [gN/gCOD]

Fpo4 - Phosphate  [gPO4-P/gTP] 05 0500
FupP - P:COD ratio for influent unbiodegradable part. COD  [gP/gCOD] 0011 0011
FZbh - Non-poly-P heterotrophs  [gCOD/g of total COD] 1.00E-04 0.0001
FZbm - Anoxic methanol utilizers ~ [gCOD/g of total COD] 1.00E-04 0.0001
FZaob - Ammonia oxidizers  [gCOD/g of total COD] 1.00E-04 0.0001
FZnob - Nitrite oxidizers  [gCOD/g of total COD] 1.00E-04 0.0001
[FZamob - Anaerobic ammonia oxidizers  [gCOD/g of total COD] 1.00E-04 0.0001
FZbp-PAOs  [gCOD/g of total COD] 1.00E-04 0.0001
FZbpa - Propionic acetogens  [gCODIg of total COD] 1.00E-04 0.0001
FZbam - Acetoclastic methanogens  [gCOD/g of total COD] 10004 0.0001
[FZbhm - H2-utilizing methanogens  [gCOD/g of total COD] 1.00E-04 0.0001
s
B2 #okkEHS S

Fig.2  Analysis of influent quality components
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B ARG SIE K20 3.2 kPa, th T RS
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Tab.1 Actual oxygen demand, air demand and pipe size of different control zones (one set)
i H A1 IX A2 X 44 3 IX bR 4 X Nt
FE4A/ (kgO, - h™") 299.9 458.1 414.9 217.5 1390.4
FHRE/(m - hh) 5241 8 004 7 248 3799 24 292
E1/mm 350 450 450 350 —
x2 ZREEERITELSR
Tab.2 Calculation result of pipe head loss
EERKE | =R | = HhYw | HBAtHE | B
peprgp o | HECORE | 22U 21 . BB Sm | B
B /m (m’-h™) | (m-s™") R /mm FCfF KJE/m KE/m | #i2/Pa
o 715 3 A B
1-2 180 97 168 13.43 1 600 98 i Jj\l i~ 5P 790.17 970.17 190. 15
—i 4
o 7% 3 A B
3-4 84.5 24 292 13.43 800 98 i J/:\Z i~ 5P 138.00 222.50 174.44
—iE 1
BT 14,9007 3k 1
5-6 115.5 17 044 16.75 600 A 84.18 199. 68 489.23
A, =l 1A
o 715 3 N 2
7-8 14.5 13 245 23.14 450 93 i Jj\l o 93.67 108. 17 530.03
=iE 2
9-10 10.7 11 645 20.35 450 SIE =M 2 14~ 78.77 89.47 394.55
11-12 10.7 10 045 17.55 450 FE=E2 A4 78.77 89.47 350.71
13-14 10.7 8 445 14.76 450 F =2 A4 78.77 89.47 263.04
B 2 A T
15-16 10.7 6 845 11.96 450 Tr/ljf/éﬁz T 84.09 94.79 92.89
17 -18 10.7 5245 15.15 350 S = 2 A~ 58.26 68.96 270.33
19 -20 10.7 4 196 12.12 350 = 2 A 58.26 68.96 135.16
21 -22 10.7 3147 9.09 350 SIE =M 2 4 58.26 68.96 67.58
23 -24 10.7 2 098 6.06 350 S = 2 4> 58.26 68.96 13.52
25-26 10.7 1049 3.03 350 SE =i 2 58.26 68.96 13.52
1 AN 900 2 3
27 -28 7.5 1 049 16.50 150 E:a\ljjﬁll»gl? 5k2 16.98 24.48 191.89
29 -30 1.5 524.5 8.25 150 PUsE 14> 7.58 9.08 22.24
31-32 3 262.2 4.12 150 i 7.58 10.58 2.07
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Fig.3  Control system layout
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Fig.4 Change of DO concentration in different control zones

under dynamic DO control
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Fig.5 Change of effluent ammonia concentration under
constant and dynamic DO control
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