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Abstract−This paper proposes two real-time feedback control strategies based on hourly measurements of effluent

NH4-N and NOX-N concentrations. Using modified sigmoid functions to decide the DO setpoint, a control structure

similar to the cascade-type control loop was selected as the real-time feedback NH4-N control strategy. For the real-

time feedback NOX-N control strategy, a proper external carbon dose flow rate could be calculated based on the es-

timated NOX-N concentration in anoxic reactor by using the empirical equation. A control system, which included two

proposed control strategies, was developed and applied in the pilot-scale A2/O process. As a result, the effluent NH4-N

and NOX-N concentrations were maintained stably lower than the target values of 3 and 5 mg/L, respectively. Moreover,

because the manipulated variables for removing the NH4-N and NOX-N concentrations were divided in the control strategies,

the two different control strategies could be successfully applied together in the A2/O process.

Key words: Real-time Feedback NH4-N Control Strategy, Real-time Feedback NOX-N Control Strategy, Modified Sigmoid

Function, Empirical Equation, A2/O Process

INTRODUCTION

In a biological nutrient removal process, the nutrient removal

performance should be managed consistently because the discharge

of untreated nitrogen and phosphorus can cause the eutrophication

of lakes, rivers and coasts [1]. In the case of phosphorous, it is difficult

to achieve sufficient removal under a real-time control strategy. An

effective manipulated variable for removal of a phosphorous com-

ponent in biological nutrient removal process is the waste sludge

flow rate, and a significant effect cannot be obtained quickly by chang-

ing the waste sludge flow rate. On the other hand, the manipulated

variables for removal of NH4-N and NOX-N components are the DO,

external carbon source and internal RAS flow rate, and the changes

of their values can affect the process performance directly. There-

fore, it can be possible to remove NH4-N and NOX-N by using a

real-time control strategy.

Various studies related to the real-time control strategies for remov-

ing the NH4-N and NOX-N concentrations have been reported. Ingild-

sen et al. [2] investigated a real-time DO controller by using a simple

hydraulic model based on ammonium sensor in källby WWTP for

100,000 PE. Krause et al. [3] compared pure feedback control with

a configuration combining feedback and feedforward control, con-

sidering the influent ammonium load in full-scale WWTP. Vre ko

et al. [4] tested and compared three different proportional integral

(PI) controllers with control structures consisting of oxygen cascade,

ammonia cascade and ammonia feedforward-cascade, respectively,

and reported that the ammonia feedforward-cascade PI controller

showed the best rejection performance of effluent ammonia peaks

and 45% airflow saving. Moreover, the real-time control strategy

was based on the knowledge-based expert system [5] and the dose

of external carbon source was based on the mathematical model

[6-8].

Although the NH4-N concentration in an aerobic reactor and the

NOX-N concentration in an anoxic reactor could be controlled prop-

erly by using the aforementioned control structure, the effluent NH4-

N and NOX-N concentrations might be degraded due to the change

of settling ability in the secondary settler. Further, in South Korea,

the effluent nitrogen concentrations are measured every hour and

the measured concentrations are sent to the Ministry of Environ-

ment by TELE-monitoring system. The Ministry of Environment

imposes a fine on WWTPs based on the measured results, which

necessitates the development of a control strategy based on the efflu-

ent NH4-N and NOX-N concentrations. Finally, the developed con-

trol strategy or system including the control strategy should be ap-

plied in the field process without any additional tuning for a long

time by excluding the need for complicated tools such as the use

of mathematical models.

Our aim was to propose a real-time feedback control strategy

based on hourly measurements of effluent NH4-N and NOX-N con-

centrations. Additionally, a control system was developed to operate

two control strategies simultaneously in the target process. Because

the overall structures of the control strategies were developed based

on the measured effluent NH4-N and NOX-N concentrations, no addi-

tional nutrient sensors in the anoxic and aerobic reactors were re-

quired. Moreover, the manipulated variables for removal of NH4-N

and NOX-N concentrations were divided in the control strategies

and, therefore, the two different control strategies could be applied
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together. The proposed control system, including two real-time feed-

back control strategies, was tested on a pilot-scale A2/O process of

18m3/day, and the results were evaluated in terms of the efficiency

of the control strategies and the possibility of system application.

MATERIALS AND METHODS

1. Pilot-scale A2/O Process

Fig. 1 shows a schematic diagram of the pilot-scale A2/O process

located on S WWTP (Busan, South Korea). The fixed influent flow

rate of 18m3/day was fed into the pilot-scale A2/O process. The hy-

draulic retention time and sludge retention time of biological reac-

tion tanks in the operation range of the A2/O process [9] were 7.5

hour and 10-15 days, respectively. The pilot-scale A2/O process con-

sists of an anaerobic reactor, two anoxic reactors, three aerobic reac-

tors and a circular-type secondary settler. The design and operational

conditions of the pilot-scale A2/O process are shown in Table 1.

The default values of the external RAS flow rate and the internal

RAS flow rate were operated at 50% and 200% of the influent flow

rate, respectively. When the real-time feedback NH4-N and NOX-N

control strategies were not applied in the pilot-scale A2/O process,

the air flow rate was operated at fixed rotational speed RPM and

no external carbon source was fed into the pilot-scale A2/O process.

Fig. 1. Schematic diagram of the pilot-scale A2/O process.

Table 1. Design and operational conditions of the pilot-scale A2/
O process

Working volume (m3) Flow rate (m3/d)

Anaerobic reactor 1.01 Influent 18.0

Anoxic reactor 2.02 Internal RAS 31.0-52.0

Aerobic reactor 2.53 External RAS 9.0

Secondary settler 2.15 External carbon dose 0-0.085

Fig. 2. Control loop based on the effluent NH4-N concentration.

When the real-time feedback NH4-N and NOX-N control strategies

were applied in the pilot-scale A2/O process, the air flow rate, inter-

nal RAS flow rate and external carbon dose flow rate were con-

trolled according to each setpoint determined from the two control

strategies. For the second and third aerobic reactors, each air flow

rate was fed at about 50% and 30% of that of the first aerobic reactor

by manipulating the valves manually. The DO concentration of the

first aerobic reactor was measured at 10 second intervals, and the

concentrations of NH4-N and NOX-N in the effluent were meas-

ured hourly using auto-analyzers (Monitor V, BLTEC Korea Co.,

Ltd., South Korea). The auto-analyzers were installed in the pilot-

scale A2/O process and utilized the reagents for data measurement.

2. Development of the Real-time Feedback NH4-N Control

Strategy

Based on the measured hourly effluent NH4-N concentration from

the auto-analyzers, a feedback NH4-N control strategy of cascade

type was developed to decide the DO setpoint in the first aerobic

reactor. Olsson et al. [10] reported that the DO was the optimal manip-

ulated variable for controlling the real-time NH4-N concentrations.

Kim et al. [11] showed that the sufficient removal of NH4-N con-

centration could be maintained by using the DO setpoint except

the other manipulated variables in the identical pilot-scale A2/O pro-

cess. Therefore, based on these results, we used the DO setpoint to

control the effluent NH4-N concentration.

Fig. 2 shows the control loop for the real-time feedback NH4-N

control strategy. First, the DO setpoint in the first aerobic reactor

was decided by calculating the difference between the measured

effluent NH4-N concentration and the target NH4-N concentration.

Second, the proper air flow rate for maintaining the DO setpoint

was fed into the first aerobic reactor by using a proportional integral

derivative (PID) controller. Because the effluent NH4-N concentra-

tion was measured hourly, the DO setpoint of the first aerobic reactor
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was also maintained at an identical value for 1 hour. The air flow

rate was changed at about 10 second intervals according to the meas-

ured DO concentration in the first aerobic reactor.

To obtain the DO setpoint from the difference between the meas-

ured effluent NH4-N concentration and the target NH4-N concen-

tration, Isaacs and Thornburg [12] used a stepwise-type function,

which had the identical DO setpoint within the range of the defined

concentration difference. Kim et al. [13] utilized the human opera-

tor’s experience to deduce the DO setpoint, which increased or de-

creased the concentration difference proportionally. However, these

calculations for DO setpoint were limited in that a fine change of

the difference between the NH4-N concentrations could not be applied

and/or the proper DO setpoint could not be decided. To overcome

these limitations, the sigmoid function of s-curve type [14] was se-

lected in this study and modified within the range of the operational

condition in the applied pilot-scale A2/O process. The default type

of sigmoid function is described by Eq. (1).

(1)

For the DO setpoint in the range of the available DO concentration

in the pilot-scale A2/O process, Eq. (1) was modified to Eq. (2):

(2)

where A is the offset, B is the scale, C is the gradient and D is the

inflection.

For a small difference between the measured effluent NH4-N and

the target NH4-N concentrations, the DO setpoint should be increased

slightly, but increased rapidly in the case of a large difference. There-

fore, each coefficient of the modified sigmoid function was manip-

ulated to decide the proper DO setpoint value in the different range

by using trial and error. Fig. 3 compares the stepwise and sigmoid

types used in this study for deciding the DO setpoint.

As shown in the left side in Fig. 3, for the stepwise type, a higher

DO setpoint value than that necessary might be deduced in a particu-

lar range. These results could be related to the excessive aeration.

In contrast, for the sigmoid type used in this study, a fine change of

the DO setpoint according to the value of NH4_diff could be reflected,

which enabled the optimal DO setpoint to be determined in the entire

range. Table 2 lists the coefficients of the modified sigmoid func-

tion used for real-time feedback NH4-N control.

The PID controller could manipulate the air flow rate according

to the deduced DO setpoint by using Eq. (3). The parameters of

the PID controller were tuned from a pre-test in pilot-scale A2/O

process and each parameter value used for the real-time feedback

NH4-N control is listed in Table 2.

(3)

where c0 is the initial airflow rate, KC is the proportional gain, e(t)

is the difference between the DO setpoint and the measured DO, τI
is the integral gain and τD is the derivative gain.

In South Korea, the legal discharge standard of the total nitrogen

is 10 mg/L. Because the total nitrogen was the sum of the NH4-N,

NOX-N and the organic nitrogen, in this study, the sum of the target

effluent NH4-N and NOX-N concentrations was set to 8mg/L to con-

sider the part of the organic nitrogen in the effluent. Among these,

the target NH4-N concentration was set to 3mg/L because the total

volume of the aerobic reactors was 25% larger than that of the anoxic

reactors. The change range of the air flow rate in the first aerobic

reactor by the PID controller was set to 20-35RPM.

3. Development of the Real-time Feedback NOX-N Control

Strategy

To effectively remove the NOX-N concentration that occurs by the

nitrification reaction in the aerobic reactor, the internal RAS flow rate

according to the NOX-N concentration should be increased propor-

tionally. Moreover, when the C/N ratio of the influent is not enough,

the additional external carbon source should be fed into the anoxic

y = 

1

1+ exp
−x

--------------------

DOsetpoint = A + 

B

1+ exp
−C NH4_diff−D( )×

------------------------------------------

c t( ) = c
0
 + KC e t( ) + 

1

τI
---- e t( )dt + τD

0

t

∫
de t( )

dt
-----------⋅ ⋅⋅

Fig. 3. Comparison of the stepwise type with the modified sigmoid function used for deducing the DO setpoint.

Table 2. Coefficients of sigmoid function for calculating the DO
setpoint and parameters of the PID controller

Sigmoid function PID controller

A (offset) 1.5 KC 17.0

B (scale) 1.5 τI 0.6

C (gradient) 2.0 τD 1.2

D (inflection) 2.5 - -
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reactor [10]. Because the C/N ratio of the influent which was fed

into the pilot-scale A2/O process was lower than 5, in this study,

both the external carbon dose and internal RAS flow rate were used

to control the effluent NOX-N concentration. The real-time feed-

back NOX-N control strategy was applied with two separate parts,

as shown in Fig. 4. One part was used to calculate the external car-

bon dose flow rate based on the NOX-N concentration in the anoxic

reactor. The other part was used to set the target effluent NOX-N

concentration and control the internal RAS flow rate by using the

PI controller.

We could not measure the NOX-N concentration in the anoxic

reactor directly because only the effluent NOX-N concentration was

measured hourly from the auto-analyzers. Therefore, the external

carbon dose flow rate that was required to ensure sufficient denitri-

fication could be calculated by determining the NOX-N concentra-

tion in the anoxic reactor by using the effluent NOX-N concentration.

Because three flow rates, i.e., influent, internal and external RAS

flow rates, were fed into the anoxic reactor, the empirical equation

used to calculate the NOX-N concentration in the anoxic reactor could

be established based on a mass balance (Eq. (4)). The NOX-N con-

centration in the influent flow rate was rare and was therefore omitted

from Eq. (4).

(4)

The used α and β values in Eq. (4) were decided by considering

the operational state of the secondary settler and by using the trial

and error method. The external carbon dose flow rate for denitrifi-

NOX_Anox = 

α NOX_eff Qir + β NOX_eff Qr⋅ ⋅ ⋅ ⋅[ ]

Qinf + Qir + Qr( )
---------------------------------------------------------------------------

Fig. 4. Control loop based on effluent NOX-N concentration.

Fig. 5. Overall control flowchart for the real-time feedback NH4-N and NOX-N control strategies.
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cation reaction was calculated by using the calculated NOX-N con-

centration in the anoxic reactor (Eq. (5)). Because ethanol was se-

lected as the external carbon source in this study, the loading rate

of the COD equivalent was calculated based on the proper stoichi-

ometric reaction. The microorganism yield suggested by Mokhayeri

et al. [15] was used to calculate the loading rate of COD equivalent.

(5)

where L is the loading rate of COD equivalent (gCOD/day) and

Cethanol is the COD equivalent of ethanol carbon source (gCOD/L).

For the control of the internal RAS flow rate according to the

change of the effluent NOX-N concentration, the aforementioned mod-

ified sigmoid function of s-curve type was used to find the setpoint

of the internal RAS flow rate (Eq. (6)).

(6)

The used function type was identical to Eq. (1). However, the

NOX_diff was used instead of NH4_diff . According to the ratio of total

volume between the aerobic and anoxic reactor, the target NOX-N

concentration was set to 5mg/L.

4. Overall Control Flowchart and System Development

Fig. 5 shows the overall control flowchart for the proposed real-

time feedback NH4-N and NOX-N control strategies. The left side of

the flowchart presents the real-time feedback NH4-N control strategy,

which was used to control the air flow rate by using the measured

hourly effluent NH4-N concentration. The right two sides of the flow-

chart present the real-time feedback NOX-N control strategy, which

was used to dose the external carbon source and control the internal

RAS flow rate by using the measured hourly effluent NOX-N con-

centration.

In this study, an automatic control system had to be developed

in order to apply the proposed control strategies hourly to the pilot-

scale A2/O process. Therefore, a control system that could imple-

ment the control flowchart of Fig. 5 was established with a user-

friendly interface. When the effluent NH4-N and NOX-N concen-

trations were measured from the auto-analyzers, the proper control

actions for nitrification and denitrification reactions through the con-

trol system were applied automatically in the pilot-scale A2/O pro-

cess. The control system was developed by using the LabVIEW

program (ver. 8.6.1). All data signals were collected into the con-

trol system, and based on these data signals, the control system could

calculate the setpoints and control the air flow rate of the first aerobic

reactor, external carbon dose flow rate and internal RAS flow rate.

As mentioned above, because the effluent NH4-N and NOX-N con-

centrations were measured hourly by auto-analyzers, the control

actions through the automatic control system could be applied in

the pilot-scale A2/O process hourly.

RESULTS AND DISCUSSIONS

1.Application Results of the Real-time Feedback NH4-N Con-

trol Strategy

Fig. 6 shows the results of the cases without control and with con-

trol by applying the real-time feedback NH4-N control strategy. In

150-hr operation without control, a uniform air flow rate, 20RPM,

was supplied to the first aerobic reactor, and the average DO con-

centration was about 0.7mg/L. The average influent and effluent

NH4-N concentrations and removal rate during these periods were

about 27.4, 13.8mg/L and 49.6%, respectively. On the other hand,

in 50-hr operation with control, the air flow rate was changed in the

range of 20-35RPM by applying the PID controller, and the aver-

age DO concentration was about 1.6mg/L. The average influent

and effluent NH4-N concentrations and removal rate during these

periods were about 19.7, 1.3mg/L and 93.4%, respectively.

When the real-time feedback NH4-N control strategy was not

applied in the pilot-scale A2/O process, the air flow rate supplied to

the aerobic reactors was insufficient for stable nitrification reaction.

This caused high effluent NH4-N concentration during the period

without control. On the other hand, when a control action was ap-

plied in the pilot-scale A2/O process, the proper DO setpoint that

required nitrification reaction could be determined and the air flow

rate required for nitrification reaction was supplied to the first aerobic

reactor continuously. This result confirmed that an effluent NH4-N

Qex  = 

L

Cethanol

----------------
 = 

NOX_Anox

14
---------------------

0.083

0.095
------------- 3 32 Qinf + Qir + Qr( )⋅ ⋅ ⋅ ⋅

12
-------------------------------------------------------------------------------------------

Internal RASsetpoint =1.9 + 

1.2

1+ exp
−1.0 NOX_diff −2.2( )×

-----------------------------------------------

Fig. 6. Results of without control case and with control case by applying real-time feedback NH4-N control strategy (without control and
with control mean without control strategy and with control strategy, respectively).
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concentration lower than the target NH4-N concentration of 3mg/

L could be maintained stably, as shown in Fig. 6.

From the result of the control application during about 160-200

hr, the average effluent NH4-N concentration of about 1mg/L, which

was lower than the target value of 3mg/L, occurred. This was be-

cause the aeration strength of the second and third aerobic reactors

was increased. In the pilot-scale A2/O process, only one blower was

used and the aeration strength of each aerobic reactor was main-

tained by manipulating the valve manually. Therefore, when the

air flow rate was increased to maintain the DO setpoint of the first

aerobic reactor, the aeration of the second and third aerobic reactors

also was increased. In the cases of use of each blower or automatic

valve in each aerobic reactor, it is expected that the effluent NH4-N

concentrations which are close to the target value of 3mg/L are main-

tained.

Fig. 7 shows the DO setpoints, measured DO and air flow rate

during the non-control periods and the application periods of the real-

time NH4-N control strategy. As shown in Fig. 7, the DO setpoints

in the first aerobic reactor during the control period were changed

hourly according to the difference between the measured effluent

NH4-N concentration and the target NH4-N concentration. Addi-

tionally, the measured DO concentration, which was similar to the

set DO concentration, was maintained by changing the air flow rate

by the PID controller. The average air flow rate during the 50-hr

control period was about 22.5RPM, which was only increased by

12.5% compared to that during the non-control period.

These results identified that a sufficient DO concentration for

nitrification reaction in the first aerobic reactor could be calculated

by using the proposed real-time feedback NH4-N control strategy

based on the effluent NH4-N concentration. In addition, because

the modified sigmoid function, which could deduce the optimal DO

setpoint according to the concentration difference, was used with

the control strategy, an effluent NH4-N concentration lower than

the target NH4-N concentration could be maintained without hav-

ing to supply an unnecessarily high air flow rate.

2.Application Results of the Real-time Feedback NOX-N Con-

trol Strategy

The α and β values in the empirical equation based on mass bal-

ance for determining the NOX-N concentration in the anoxic reac-

tor had a significant effect on the result of the equation. Because

the NOX-N concentration that was used in the empirical equation

was measured in the effluent, the operational state of the secondary

settler should be considered for determining the correct α and β

values. The bulking phenomenon, which is an indication of rising

sludge in the secondary settler, was identified during the entire test

period. Therefore, the NOX-N concentration in the effluent was ex-

pected to be higher than that in the aerobic reactor. Thus, the α value,

which means the determined coefficient of NOX-N concentration

in the internal RAS flow rate, was lower value than 1. Addition-

ally, the NOX-N concentration of the lower part in the secondary

settler was expected to be similar to that in the effluent. Thus, the β

value, which means the determined coefficient of NOX-N concen-

tration in the RAS flow rate, was near 1. Based on these expecta-

tions, the optimal α and β values could be found by trial and error.

The calculated α and β values were 0.5976 and 0.9026, respectively.

Fig. 8 compares the measured NOX-N concentration in the anoxic

reactor and that calculated by using the empirical equation.

Fig. 8 confirms that the proper α and β values for considering

the operational state of secondary settler were found to describe the

behavior of the measured NOX-N concentration in the anoxic reactor.

For a more quantitative analysis, the root mean square error (RMSE)

between the measured NOX-N concentration and the calculated NOX-

N concentration was calculated by using Eq. (7). The result of about

0.74 revealed a relatively small difference, which indicated that the

NOX-N concentration in the anoxic reactor could be accurately esti-

mated by using the empirical equation.

(7)

where N is the total number of datasets compared, Xm, i is the i
th meas-

ured value, and Xp, i is the i
th predicted value.

The setpoint of the internal RAS flow rate was increased gradu-

ally in the entire range of the difference between the target NOX-N

concentration and the measured NOX-N concentration in the effluent,

against the case of the determination of the DO setpoint. Parame-

RMSE = 

1

N −1
----------- Xm i,  − Xp i,( )

2

i=1

N

∑⋅

Fig. 7. DO setpoints, measured DO and air flow rate during non-control periods and the application periods of the real-time NH4-N control
strategy.
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ters of PI controller for manipulating the internal RAS flow rate

were tuned by using the trial and error in pilot-scale A2/O process

in advance. As a result, the values of the proportional and integral

gain were 5.0 and 3.0, respectively. The tuned parameters of PI and

PID controller in this study were based on the trial and error method;

however, it could be considered that the proper tuning approach

was applied in the pilot-scale A2/O process because the empirical

knowledge for process operation was combined with the trial and

error method. To maintain more efficient control performance, a

series of tuning processes should be repeated consistently according

to the constant period.

Fig. 9 shows the results of the case without control and with con-

trol by applying the real-time feedback NOX-N control strategy. Dur-

ing the 150-hr non-control period, the external carbon source was

not fed into the anoxic reactor. On the other hand, during the 50-hr

control period, the external carbon source was fed by using the cal-

culated NOX-N concentration in the anoxic reactor and Eq. (5).

Because the real-time feedback control strategy for sufficient nitri-

fication reaction was not applied during the non-control periods,

the NOX-N concentration in the effluent was also maintained in a low

range. After about 150 hours, the real-time feedback NH4-N con-

trol strategy was applied and sufficient nitrification reaction was

maintained continuously. This was expected to increase the NOX-N

concentration in the effluent. However, the real-time feedback NOX-

N control strategy was applied simultaneously during these control

periods and sufficient external carbon sources for denitrification

reaction were fed into the anoxic reactor. This confirmed that the

effluent NOX-N concentration could be maintained below the tar-

get NOX-N concentration of 5mg/L. During the 150-hr non-control

and 50-hr control periods, the average effluent NOX-N concentrations

were about 3.8 and 2.9mg/L, respectively. From these results, through

application of the real-time feedback NOX-N control strategy, an

external carbon dose flow rate sufficient to remove the NOX-N con-

centration generated from nitrification reaction in the aerobic reac-

tor, and the secondary settler could be calculated. Additionally, we

confirmed that sufficient external carbon source was fed into the

anoxic reactor hourly and that the denitrification reaction in the anoxic

reactor was maintained properly.

Fig.10 shows the flow rates of the external carbon dose and inter-

nal RAS during the control period. The external carbon dose flow

Fig. 8. Comparison of the measured NOX-N concentration in the anoxic reactor and that calculated by using the empirical equation.

Fig. 9. Results of without control case and with control case by applying the real-time feedback NOX-N control strategy.
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rate required for sufficient denitrification reaction could be calcu-

lated hourly by using Eqs. (4) and (5). In addition, the internal RAS

flow rate could be changed hourly according to the difference be-

tween the target NOX-N concentration and the measured NOX-N

concentration in the effluent.

These results confirmed that the NOX-N concentration in the anoxic

reactor could be determined by applying the real-time feedback NOX-

N control strategy proposed in this study. Moreover, the external

carbon source for the denitrification reaction could be fed properly

Fig. 11. System picture for the real-time feedback NH4-N control strategy.

Fig. 10. Flow rates of external carbon dose and internal RAS during the application period of the real-time NOX-N control strategy.

Table 3. Mean air flow rate, external carbon flow rate and efflu-
ent concentrations in the cases of with and without con-
trol

Subject With control Without control

Air flow rate (RPM) 22.5 20.0

External carbon flow rate (mL/min) 10.4 0.

Effluent NH4-N (mg/L) 01.3 13.8

Effluent NOX-N (mg/L) 02.9 03.8
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based on the proper stoichiometric reaction, and the internal RAS

flow rate could be simultaneously manipulated to set target NOX-N

concentration. As a result, despite the increased NOX-N concentra-

tion corresponding to sufficient nitrification reaction, the effluent

NOX-N concentration could be stably maintained lower than the

target NOX-N concentration. Table 3 lists the average air flow rate,

external carbon dose flow rate and effluent NH4-N and NOX-N con-

centrations in the non-control case with simultaneous application

of the real-time feedback NH4-N and NOX-N control strategies.

The overall control strategies and system suggested in this study

were established based on auto-analyzers that could measure the

effluent NH4-N and NOX-N concentration hourly. The application

interval of real-time control can differ according to the time needed

for measurement. When the real-time control strategy is applied

for a relatively short interval, the target process might be operated

more effectively. However, various conditions such as sufficient

time for reaction, duplication utilization of the manipulated variable

and complexity of the control strategy should be considered. The

real-time feedback NH4-N and NOX-N control strategies developed

in this study used different manipulated variables and developed as

relatively simple driven flow. Therefore, in the case of a short meas-

urement interval, unlike in this study, the two proposed control strate-

gies can be applied in the target field plant while maintaining stable

operation performance for a long time.

3. System Development for the Real-time Feedback NH4-N

and NOX-N Control Strategies

Fig. 11 shows a system picture of the real-time feedback NH4-N

control strategy developed in this study. The top part of the picture

presents a schematic diagram of the pilot-scale A2/O process. The

bottom left of the picture presents the coefficients of the modified

sigmoid function and the DO setpoint graph, which was determined

according to the difference between the measured NH4-N concen-

tration in the effluent and the target NH4-N concentration. The graphs

in the bottom right of the picture identify the changes of air flow

rate and the measured NH4-N concentration.

Fig. 12 shows a system picture of the developed real-time feed-

back NOX-N control strategy. The bottom left of the picture pre-

sents the coefficients of the modified sigmoid function and the setpoint

graph of the internal RAS flow rate, which was decided according

to the difference between the measured NOX-N concentration in

the effluent and the target NOX-N concentration. The center part

presents the equations for finding the NOX-N concentration in the

anoxic reactor and for calculating the external carbon dose flow

rate. The bottom right of the picture presents the graphs for meas-

uring the NOX-N concentration in the effluent and for the external

carbon dose flow rate.

CONCLUSION

Two real-time feedback control strategies based on the measured

effluent NH4-N and NOX-N concentrations were proposed, and a

control system that included the two proposed control strategies

was developed for controlling the pilot-scale A2/O process auto-

matically. A field test revealed that the effluent NH4-N and NOX-N

Fig. 12. System picture for the real-time feedback NOX-N control strategy.



Application of real-time feedback control strategies based on effluent NH4-N and NOX-N concentrations in an A
2/O process 1587

Korean J. Chem. Eng.(Vol. 30, No. 8)

concentrations were maintained stably below the target values by

applying the proposed real-time feedback NH4-N and NOX-N con-

trol strategies.

The real-time feedback NH4-N control strategy was developed by

selecting a cascade-type control structure capable of determining the

DO setpoint value based on the difference between the measured

effluent NH4-N and the target NH4-N concentrations. The modified

sigmoid function of the s-curve type was used to decide the DO

setpoint value. Application of the modified sigmoid function enabled

the optimal DO setpoint, which could reflect the fine change of the

difference between the measured effluent NH4-N and the target NH4-

N concentrations to be determined over the entire range.

For the real-time feedback NOX-N control strategy, the NOX-N

concentration in the anoxic reactor was determined by using the

empirical equation based on mass balance. The availability of empir-

ical equations such as developed in this study will be increased with

the accumulation of more measured operational data. Additionally,

the empirical equation used had to be periodically calibrated and

validated at regular intervals.
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NOMENCLATURE

α : deduced coefficient of the NOX-N concentration in the inter-

nal RAS flow rate

β : deduced coefficient of the NOX-N concentration in the exter-

nal RAS flow rate

A2/O : anaerobic/anoxic/oxic

DO : dissolved oxygen

NH4_diff : difference between the target NH4-N concentration and

the measured NH4-N concentration in the effluent

NH4_eff : measured effluent NH4-N concentration

NOX_diff : difference between the target NOX-N concentration and

the measured NOX-N concentration in the effluent

NOX_eff : measured effluent NOX-N concentration

Qex : external carbon dose flow rate

Qinf : influent flow rate

Qir : internal RAS flow rate

Qr : external RAS flow rate

RAS : recycle activated sludge

RPM : revolution per minute

WWTP : wastewater treatment plant
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