










Appendix E: Compilation of new technologies for research projects  

(provided by the technology development unit) 

E.1 Biological Double-efficiency Process-Low DO Short-range Simultaneous Nitrification and 

Denitrification 

1) Scope of application 

Secondary treatment of medium and small sewage treatment plants with large influent impact 

load and high nitrogen removal requirements 

2) Principle and characteristics 

 

 
 

In the Biological Double-Efficiency Process, several treatment units, such as carbon removal, 

nitrogen removal, phosphorus removal and precipitation, are placed in the same basin. The mixed 

liquor is circulated from the end to the inlet section by airlifter to enhance the effective mixing of 

sludge and water. A high ratio of dilution to the influent is realized. The high dilution ratio reduces 

the concentration difference of the pollutants in the reaction tank, which is equivalent to the 

relatively stable living environment of the microorganisms in the complete mixing reactor. It is 

beneficial to the stability of the microorganisms and the performance of the treatment. 

The dissolved oxygen concentration in the biological basin is controlled at 0.15-0.35 mg/L, so 

that the biological nitrogen removal process is carried out by short-term simultaneous nitrification 

and denitrification, which reduces the demand for carbon source by biological nitrogen removal. 

The aeration system is evenly distributed at the bottom of the basin to generate uniform 

microbubbles. The flow rate of the bubble rise is 1/4 of that of the conventional aeration system, 

which can reduce the chance of coalescence in the process of airflow rising, increase the contact 

time between bubbles and sludge, and improve the utilization of oxygen. The oxygenation 

efficiency can reach 5 kgO2/(kW·h). The installation and maintenance of the aeration system is 

simple and easy, without interrupting the sewage treatment process. 

3) Main process design parameters 



a) The sludge load is 0.08~0.10 kgBOD5/(kgMLSS·d), and the total nitrogen load is less than 

0.03~0.05kgTN/(kgMLSS·d). 

b) Sludge age is 15~20 d. 

c) Sludge yield is0.3~0.36kgVSS/kgCOD 

d) Dilution ratio is1:10~50 (with airlift circulation), no sludge backflow 

e) Diffusers’ oxygenation efficiency is 4 kgO2/(kW·h) 

f) The dissolved oxygen concentration in the aerobic zone is controlled at 0.15~0.35 mg/L. 

g) Aeration area per meter of aeration pipe <0.14 m2. 

h) At the maximum flow rate, the design surface hydraulic load of the clarifier is 1.5~2.0 

m3/(m2h). 

4) Operation and control 

Monitoring of dissolved oxygen concentration in biological basin and analysis of sludge 

performance should be strengthened to guide operational management. 

5) Evaluation 

The Biological Double-Efficiency Process-Low DO short-range simultaneous nitrification and 

denitrification process is developed. It has been applied to treat municipal wastewater using the 

integrated bioreactor with high dilution ratio, which achieves simultaneous nitrification and 

denitrification under low dissolved oxygen, operates stably, saves carbon source and energy, and 

reduces energy consumption. The process has been applied in actual practice. 


