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ABSTRACT 
 
To reduce energy consumption of blowers, we developed a new aeration control system based 
on nitrification rate instead of DO. The new aeration control system can reduce air flow 
volume by more than 20% compared to DO set-point control tested at a pilot plant. 
Furthermore the possibility of simultaneous nitrification and denitrification (SND) in aeration 
tanks by minimizing air flow volume is also discussed.   
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INTRODUCTION 
 
The prevention of global warming is one of important tasks to be tackled on a global scale. 
Tokyo metropolitan government sets a goal of reducing emissions by 2020 to 25 % below 
2000 levels and is taking some measurements such as cap-and-trade system. Therefore, 
Bureau of Sewerage emitting much global warming gas has also implemented its abatement 
by improving dissolution efficiency to reduce blower energy consumption. 
 
The following paper reports the new aeration system injecting the minimum air flow 
requirements into the each section consist of aeration tanks using ammonia sensors and DO 
sensors. Furthermore the possibility of simultaneous nitrification and denitrification (SND) in 
aeration tanks by minimizing air flow volume is also discussed.  
 
 
CURRENT AND NEW AERATION CONTROLS 
 
Conventional air control methods for blower systems focus on maintaining a fixed DO set 
point in the last aerobic reactor to ensure that there is enough DO present to facilitate the 
nitrification process (Lindberg and Carlsson, 1996). Unlike this DO control, ammonia-based 
aeration control can lead to reduce the extent of effluent ammonia peaks and limiting aeration 
since nitrification condition is directly observed by ammonia sensor (Rieger et al. 2012). 
 
DO-based aeration control  
DO-based aeration control maintains DO in the last aeration reactor at a certain value to 
complete nitrification. Therefore, supplied aeration is prone to more than required especially 
when influent load becomes low, since fixed DO set-point is determined so as to complete 
nitrification even when influent load becomes high. 
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Ammonia-based control  
Ammonia-based control has been mainly based on feedback control which maintains effluent 
ammonia concentration at 1-2mgN/L. Since air flow volume is determined in response to 
nitrification situation at the end point of an aeration tank, excessive aeration and energy 
consumption can be suppressed. A problem is that feedback control acts on the process only 
when influent causes changes in the last aerobic reactor, which is usually too late with respect 
to influent disturbance dynamics. Hence, in order to act faster to an influent disturbance, feed 
forward control by using the additional measurements of the influent ammonia has been 
developed. 
 
New aeration control  
However these controls above determine only the total amount of aeration into aerobic 
reactor but not amount into each compartment divided by partitions. Therefore, we developed 
new aeration control system which directly calculate required air flow volume for treatment 
in each compartment of aerobic reactor and supply it for limiting more aeration.  
 
 
PRELIMINALY STUDY 
 
In order to examine the optimum temporal allocation of required air flow volume or SOR 
calculated from influent load, relationship of nitrification and air flow supplied per unit time 
and DO were investigated. 
Figure1 shows the relationship between nitrification and DO values when SOR (standard 
oxygen requirement) is supplied for 8h (No.1), 7h(No.2), 6h(No.3), 5h(No.4) as a 
representative case. Follows were found as well as other cases. 
 
(1) Nitrification starts at the point of time when DO >0.1 ㎎/L 
(2) After nitrification starts, nitrification rate becomes constant on the condition that 
NH4-N>2 ㎎ N/L 
(3) Nitrification rate becomes higher in proportion to air flow or SOR per unit time and the 
rate becomes maximum on the condition of DO>1.5mg/L  
(4) Required air flow during the period of stable nitrification rate can be calculated from the 
nitrification rate 
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Figure 1 Relationship of nitrification and air flow supplied per unit time 
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From these results above, we decided to develop the new aeration control system; in the first 
compartment of the reaction tank, DO sensor was used to confirm the start of nitrification and 
in the following compartments, each air flow was calculated and supplied from nitrification 
rate using ammonia sensors. 
 
 
OUTLINE OF NEW AERATION CONTROL SYSTEM BASED ON NITRIFICATION 
RATE 
 
Figure2 shows the schematic diagram of the control based on nitrification rate (NRC system). 
Ammonia sensors and DO sensors set at every compartment of a aerobic reactor. Air flow 
into each compartment calculated from the nitrification rate is supplied with a blower and 
electric-operated air flow valves installed at each compartment controlled. 
 

 
Figure 2  New aeration control system based on nitrification rate (NRC system) 
 
Aeration Control Mode 
Aeration control mode of each compartment of a reaction tank is independently determined 
every 5 minutes based on Figure3.  
 
(a) Nitrification rate control (including feed-forward control) 
Nitrification rate control is the main aeration control mode of the new system. From influent 
volume and ammonia measurements, nitrification rate can be calculated at each compartment. 
Using this nitrification rate and also MLSS, required oxygen volume for nitrification and 
endogenous respiration can be calculated. Actual supplied air flow is calculated from this 
required oxygen volume and the oxygen transfer efficiency of the aeration equipment. If 
ammonia measurement of influent into each compartment has on a declining or rising trend, 
air flow is corrected using coefficient proportional to the difference (feed-forward control). 
 
(b) Intermittent aeration 
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If required air flow calculated from (a) is lower than the minimal flow of aeration equipments, 
air flow is supplied by intermittent aeration. Air is supplied intermittently    in order to 
lower to the required volume. This mode is possible only by use of membrane type aeration 
equipment. 
 
(c) Feed-back control  
The ammonia sensor at the last compartment has set-point which enables ammonia 
measurements to around 1mgN/L. If the ammonia measurement becomes over the set-point, 
air flow volume into each compartment is corrected by multiplying coefficients which varied 
by compartment proportional to the difference.  
 

 
 

Figure 3 Aeration control flow at each compartment 
 
 
METHODOLOGY 
 
Pilot Plant Study 
The trials were conducted using continuous plug flow pilot plant. The plant had two lines and 
each capacity is 8m3(W:1m L:8m H:1m). One blower was equipped with one line. Each line 
was divided into four compartments and electric-operated air flow valves were installed at 
each compartment. Ammonia sensors and DO sensors were set at the former and the latter 
part of all compartments. Membrane type of aeration equipments were adopted for 
intermittent aeration. 
 
Plant operation condition 
Operation conditions and aeration control are show in Table1 and Table2. Line1 was 
controlled by NRC system and Line 2 was controlled by conventional DO aeration control. 
DO set-point of Line2 was 2.0 mg/L which can complete nitrification at the end of aerobic 
reactor. Air flow volume into each compartment of Line2 was same.   
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RESULTS AND DISCUSSION 
 
Effect for reduction of air flow volume 
Table 3 shows the air flow rate of NRC system 
compared to that of DO control. Aeration volume 
was reduced by more than 20 % under the all 
temperature conditions. 
 
Figure 4 and 5 shows change of air flow volume in 
each compartment controlled based on nitrification 
rate and DO.  
 
While under the control based on DO, every air flow volume of all compartments in response 
to the flow fluctuation of influent, under the control based on nitrification rate, total and each 
air flow fluctuation were smaller than DO control since required air flow volume was 
supplied into each compartment. When influent volume was small, in the latter compartment, 
air flow was supplied intermittently. Figure 6and 7 shows average DO values at each 
compartment of aerobic reactor under the both controls. Under the NRC system, at all 
compartments DO was under 0.7mg/L. This result shows NRC system could supply the 
minimum air flow requirements at each compartment. 
 

 
Figure 4 Air flow in each compartment      Figure 5 Air flow in each compartment 
        (NRC system)                             (DO control)  
  
 
Effluent water quality 
Table4 shows effluent water qualities by both aeration control systems. All quality items were 
similar and treated well. T-N removal rate of NRC system was a little higher than DO control.  
 

Influent A-HRT（h)
Return Sludge

Rate（％）
A-SRT（d)

Constant 6-8
Fluctuation 4.5-12.6

20-40 7.4-19

Control  Method
LINE1 Control based on nirification rate 

LINE2
Control based on DO

(DO setpoint:2.0mg/L at end point)

Table 1 Operation Condition Table 2 Control Method 

Table 3 Effect of air flow reduction

Nitrification
Rate

Control

DO
Control

＜15℃ 22% 6.5 8.2

15℃≦T＜20℃ 22% 6.9 8.9

T＞20℃ 21% 6.8 8.7

Air Flow Rate(Nm3/m3)Air Flow
Reduction

Rate
Water Temperature
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Table 4 Effluent water quality of both controls 

 
 

 
Figure 6 Average DO values(NRC)        Figure 7 Average DO values(DO) 

 
Factorial analysis of aeration reduction 
This aeration control based on nitrification rate can reduce air flow by 20% compared to the 
conventional DO control. Factors which contribute to this reduction are divided into three 
below. 
 
(1) Improvement of dissolution efficiency 
NRC system can make low level DO at every compartment. Low DO makes oxygen 
dissolution efficiency (Ea) high since oxygen dissolution rate is expressed in formula (1). 
SOR is expressed in formula (2).Therefore, given that SOR of Line1 (NRC system) is equal 
to that of Line2(DO control system), effect of aeration reduction caused by improvement of 
dissolution efficiency can be calculated, using the corrected air flow volume Gs’(NRC 
system). 
 
Or = KLa (Cs-C)・・・(1) 

・・・(2) 
 
Or (kgO2/h): oxygen dissolution rate  
Gs (m3): air flow volume  
Ea: oxygen dissolution rate  
 (kg/Nm3): density of air 
Ow (kgO2/kgAir): oxygen weight in air unit 
C (mg/L): dissolved oxygen concentration 
 
(2) Reduction of oxygen volume for maintaining DO (Oo) 
Oo is expressed in formula (3). 
Oo = qrC …（3） 
 q (m3):  amount of influent 
 r (m3):  return sludge volume 

BOD T-N NH4-N T-P T-N
RemovalRatio

Influent － 19 13 2.0 －
Effluent
（NRC system) 0.6 7.6 0.2 0.3 59%

Effluent
（DO control)

0.8 9.1 0.1 0.6 50%

Influent 30 21 3.4 －
Effluent
（NRC system) 4.7 13 0.5 0.4 55%

Effluent
（DO control) 1.4 15 0.2 0.5 50%

T＞20℃

T≦20℃

Table 5 Factorial analysis reduction

24.2 （100）

①
Improvement of dissolution

efficiency（％）
9.5 （39）

②
Reduction of oxygen volume

for maintaining DO （％）
1.7 （7）

③ Other factors（％） 13.0 （54）

Air flow volume
reduction rate(%)
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 C (mg/L): dissolved oxygen concentration 
 
(3)Other factors 
As other factors, intermittent aeration, supplying required air flow into each compartment is 
considered.  
 
(4) Each reduction rate 
Table5 shows each proportion of effect on aeration reduction caused by each factor. 
Approximately 40 % of reduction rate was caused by improvement of dissolution efficiency.  
 
 
DEVEROPMENT OF SIMULTANEOUS NITRIFICATION AND DENITRIFICATION 
SYSTEM  
 
At actual facilities, if the fixed DO set points in a deep 
reaction tank is set as low as possible without 
compromising compliance, total nitrogen(TN) 
concentration at the end of aerobic tank decreases more 
than nitrogen contained within excess activated sludge 
volume. This phenomenon suggests the denitrification in 
aerobic tanks. 
This control system is the real time control system 
supplying the minimum required air in each 
compartment of a reaction tank. Figure8 shows the 
conceptual cross-sectional diagram of aerobic reactor in 
aerating low air volume. Oxygen in air bubbles is 
dissolved in water in the course of rising from aeration 
equipments to water surface. DO gradient occurs along 
the length from aeration equipment concerning respiration 
rate (Rr). Therefore, in aerating low air volume, anoxic 
area is formed also in an aerobic reactor.    
 
Condition anoxic area is formed 
Amount of oxygen contained in one bubble can be expressed in formula (4), if time from 
when an air bubble leaves aeration equipment to when the rate of oxygen dissolution 
becomes 0mgO2/L/h represents t (h). If t(h) is shorter than H/v, anoxic area without oxygen is 
being formed. 
 
 k���（㎏）＝α� ������� � ���･��･�・�･��������

�  ・・・(4) 
 
DO distribution seen in cross section 
If DO is utilized for nitrification as soon as it is dissolved into water, DO at depth of h is 
expressed in formula(5).Respiration rate Rr at depth of h is expressed in formula (6) 
concerning consumption by nitrifier. DO at each point of aerobic reactor can be deduced from 
the formulas (4)～(6) if air flow is determined. 
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Figure 8 Cross-sectional 
diagram of aerobic reactor in 
aerating low air volume 
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Balance between nitrification and denitrification seen in cross section  
According to DO distribution calculated from formula(4) ～ (6), nitrification and 
denitrification volume are expressed in formula(7),(8). 
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On the plant study, DO measurements in the aerobic reactor controlled by this NRC system 
are  maintained under 0.5mg/L ,the nitrogen removal rate was higher only by 5-9points 
compared with that of DO control. Shallow depth of the plant is considered to be a major 
reason. Hence, using actual reactor with deep depth, nitrogen removal effectiveness is to be 
examined if NRC control is adopted.   
 
Oxygen transfer rate(kgO2/h):KLa(Cs -Ct)	  
Saturating oxygen concentration (mg/L): Cs 
Dissolved oxygen concentration at the position at time‘t’ (mg/L): Ct 
Dissolved oxygen concentration at the position in the depth of ‘h’ (mg/L):Ch 
Radius of bubble (m): r  
Oxygen concentration in a bubble (kg/m3): kO2 
Surface area of a bubble (m2): S =4πr2 
Volume of a bubble (m3): V =4πr3/3 
Numbers of bubbles (1/h): n 
Rising rate of bubbles (m/h): v 
Depth of reaction tanks (m): H  
Oxygen residual ratio in a bubble: dO2 (-) 
Respiration reactor(kgO2/h）: Rr 
 
 
CONCLUSIONS 
 
New aeration control based on nitrification rate can reduce air flow by more than 20% 
compared to the conventional control based on DO at the end of reactors. This system 
requires electric-operated air flow valves at every compartment in order to supply required air 
flow certainly. However, these equipments necessary for detailed control will be necessary 
for global warming gas reduction including N2O gas. As a future plan, we will investigate the 
effect for total nitrogen removal by using this control at actual plants. 
 
 
REFERENCES 
 
Lindberg, C.F.; Carlsson, B. (1996) Nonlinear and set-point control of dissolved oxygen 
concentration in an activated sludge process. Water Sci. Technol, 34(3-4), 135-142 
Thornton, A. Sunner, N.; M. Haeck (2010) Real time control for reduced aeration and 
chemical consumption:a full scale study. Water Sci. Technol, 61.9, 2169-2175 
Rieger, L; Jones R.M.; Dold T.L.; Bott C.B.(2012) Myths About Ammonia Feedforward 
Aeration Control WEFTEC2012, New Orleans, Louisiana,USA 
 

東京都下水道局 技術調査年報-2014-  Vol.38

目　次


