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Optimization of Nitrate Recirculation Flow and External Carbon Dosage Integrated

Control for A/O Biological Nitrogen Removal Process

MA Yong, PENG Yong-zhen, SUN Hong-wei
(Key Laboratory of Beijing for Water Quality Science and Water Environmental Recovery Engineering, Beijing University of Technologys
Beijing 100022, China)

Abstract: In order to improve A/O process denitrification efficiency five integrated control strategies of nitrate recirculation flow and external
carbon dosage for denitrification were proposed and evaluated using the COST/IWA simulation Benchmark. Results show that control strategy
No.1 is the best integrated control strategies from both external carbon consumptions effluent quality, and the stability of controller. It
comprises two feedback control loops: one is to determine the flow rate of external carbon source, keeping the nitrate concentration at the end
of anoxic zone at a pre-specified level 2 mg/L, and the other is to adjust the flow rates of the nitrate recirculation to keep the nitrate
concentration at the end of the aerobic zone at a pre-specified level based on the effluent quality (usually 8-12 mg/L). This strategy can
guarantee highly effective use of anoxic denitrification capacity in the low-load condition, and meet effluent discharge standards through carbon
dosage in the high-load condition.
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Fig.1

Integrated control strategies of nitrate recirculation and external carbon addition
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Fig.2  Simulation results of control strategy No. 1
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Fig.4  Simulation results of control strategy No. 3
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Fig.6  Simulation results of control strategy No. 5
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Table 1 Simulation results of integrated control strategies and reference control
R B MG 1 i) S 3 HEWE 4 S 5
EQ/kged ™! 7556.5 5716.8 5640.8 5793.3 5798.0 5753.9
PE/(kWeh)+d~! 1488.1 3955.8 3965.6 3929.1 3805.4 4139.6
AE/(kWeh)+d~! 7241.0 7415.6 7442.3 7410.1 7410.5 7413.0
PSigp/kgrd ™! 2440.6 2677.6 2715.8 2673.6 2677.9 2688.9
PSpa/kged ™! 2675.5 2924.7 2962.5 2918.9 2923.4 2934.8
PR KR A /mge 17! 12.44 7.0 6.65 7.04 7.06 7.0
PR E SR /g 1! 2.53 2.65 2.79 2.87 2.84 2.76
SEEIHK TN/mge L1 16.93 11.70 11.45 11.96 11.94 11.82
SFEIHK COD/mgeL~! 48.22 49.15 49.16 49.03 49.04 49.07
T B S BB /e d ! 0 0.689 0.774 0.656 0.668 0.712
I Sxu/ % 18.30 18.46 19.19 21.13 20.68 19.64
TN/ % 17.26 0 0 0 0 0
2 EHR A /mgo 1.~ 1.0 1.95 1.66 1.99 1.88 2.14
I K {E/mgeL~! 1.54 2.36 3.13 3.29 3.05 4.79
Soo T4 5 /M /mge 1! 0.11 1.09 0.4 0.72 0.32 0.45
R ZERR R 2 0.29 0.34 0.74 0.57 0.64 0.90
R ZE ALY 0.09 0.11 0.55 0.32 0.40 0.81
5 T BIAEIR A /mge 1L~ — 7.0 6.66 7.01 7.05 7.00
R E/mge1.~! — 7.91 9.42 8.06 8.26 8.40
Swos 1225 /M /mge 1! — 6.00 3.48 5.61 5.45 5.22
R ZE AR UE I 22 — 0.39 1.22 0.47 0.56 0.60
WRZEIIARL — 0.15 1.49 0.22 0.31 0.36
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