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ABSTRACT 

For the purpose of minimizing energy consumption while ensuring the targeted quality of 

treated water at a large-scale wastewater treatment plant, a control strategy based on online 

oxygen requirement estimation was implemented, with ammonia nitrogen set to 1.0 mg/L at the 

end of the reaction tank. This resulted in a 19.4% reduction in air volume compared to 

conventional dissolved oxygen control (with a set point of 2.0 mg/L). Additionally, potential 

energy savings were explored by lowering discharge pressure and improving blower operation, 

showing a simulated 22.2% reduction in blower power consumption. 
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ABSTRACT 

For the purpose of minimizing energy consumption while ensuring the targeted quality of treated water at a 

large-scale wastewater treatment plant, a control strategy based on online oxygen requirement estimation was 

implemented, with ammonia nitrogen set to 1.0 mg/L at the end of the reaction tank. This resulted in a 19.4% 

reduction in air volume compared to conventional dissolved oxygen control (with a set point of 2.0 mg/L). 

Additionally, potential energy savings were explored by lowering discharge pressure and improving blower 

operation, showing a simulated 22.2% reduction in blower power consumption. 

 

 

INTRODUCTION  

 

In Japan, the majority of large or middle-scale wastewater treatment plants (WWTPs) still operate round-the-

clock with human operators. This dependence on operator skills leads to varied energy use performance, high 

labor costs, and instability in the quality of treated water. Consequently, the introduction of automatic control 

is expected to save energy and reduce labor costs while maintaining water quality. 

Ammonia sensor-based automatic control technologies have gained attention for energy-efficient WWTP 

operation. Various control strategies, including feedforward (FF) control (Rieger et al., 2012), feedback (FB) 

control (Åmand et al., 2014), and FF-FB control (Ingildsen et al., 2002; Vrecko et al., 2006; Thornton et al., 

2010; Rieger et al., 2014), have been developed (Åmand et al., 2013; Budzynski, 2024). Many case studies of 

full-scale implementations have shown that ammonia-based aeration control can substantially reduce energy 

consumption from aeration, typically by 15–25% (Rieger et al., 2012). 

FF or FF-FB control strategies provide a prompt response to influent loading disturbances. In most studies, 

influent NH4-N is used as the primary variable for feedforward disturbance. However, organic carbon (BOD) 

is another significant disturbance factor affecting oxygen requirement (OR), and it does not always follow the 

same time course as NH4-N. Additionally, the endogenous respiration of microorganisms, influenced by 

MLSS concentration and temperature in the reaction tanks, plays a crucial role in determining oxygen 

consumption, or requirement (OR) described in this study, as described in the Activated Sludge Models (Henze 

et al., 1999). 

To address influent disturbances more precisely, the authors developed an FF-FB aeration control method 

(referred to as "OR control") based on OR estimation for activated sludge processes (Zhan et al., 2013). In OR 

control, influent nitrogen and BOD loading are incorporated into the feedforward calculation, along with 
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endogenous respiration. Consequently, both influent BOD and Kjeldahl nitrogen (Kj-N) are estimated online. 

This article describes the OR control strategy, presents test results, and discusses potential energy-saving 

effects at a full-scale plant. 

 

OR CONTROL STRATEGY 

 

In planning an activated sludge WWTP, the oxygen supply capacity of the air supply system is designed to 

meet OR for treating influent loadings to achieve a target water quality, typically complete nitrification or no 

nitrification. OR is calculated offline using Eq (1) (Japan Sewage Works Association, 2009). This concept is 

adopted in the OR control strategy to provide oxygen based on real-time calculation. 

 

OR ＝ DB + DN + DE + DO       [kgO2 / day]   

  (1) 

 

where DB, DN, DE and DO represent the ORs for BOD oxidation, nitrification, endogenous respiration, and 

compensation for dissolved oxygen (DO) outflow, respectively 

 

The diagram of the FF-FB OR control strategy is shown in Figure 1. To calculate OR online, it is necessary 

to measure the flow rate Fin and the concentrations of BOD and Kjeldahl nitrogen (Kj-N) of influent. MLSS 

and temperature of reaction tank are utilized to calculate the OR due to endogenous respiration. The amount 

of nitrate flowing into the reaction tank is also calculated to account for denitrification. 

 

Figure 1. Diagram of OR control strategy 

 

Due to the difficulty in directly measuring BOD and Kj-N concentrations, a turbidimeter and an ammonium 

sensor are installed to estimate these values. Although the correlation may vary from plant to plant, data show 

this is not a significant issue in practice. 

Finally, the OR value, derived from the FF calculation outlined in Equation (1), undergoes adjustment using 

a feedback approach with a straightforward proportional parameter, K. This adjustment is based on the NH4-

N concentration downstream of the reaction tank. The manipulated variable, air volume, is then determined 

from the OR value, referencing oxygen supply performance databases provided by manufacturers or measured 

onsite. 

 

TEST OF AIR VOLUME REDUCTION EFFECT WITH OR CONTROL STRATEGY IN A LARGE-

SCALE PLANT 

 

3-1 Outline of the Plant and the Test Aeration System 

The Gunma-Keno Water Purification Center (hereafter, “GKWPC”), a 240,000 CMD-capacity plant with five 

treatment trains, was used for the study and the outline of the plant is given in Table 1. The aeration system 

of trains 3 through 5, treating approximately 70% of the wastewater, was the focus. 
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The schematic diagram of the targeted aeration system is shown in Figure 2. Blowers No. 1, 5 and 6 (multi-

stage turbo-type centrifugal, 420 kW, same capacity for each) were utilized for these trains. The object of 

automatic aeration control on the reaction tank side was the secondary adjustment valves, while the primary 

valves were operated by online manual adjustment. 

 

Table 1 Outline of GKWPC 

 

 

 

 

 

 

 

 

 

 

Figure 2. Layout of the test aeration system (All blowers and valves are operable online) 

 

3-2 Empirical Comparison Investigation of OR Control with DO Control 

In this plant, normal operation typically aims for complete nitrification with DO control. In this study, the 

controlled variable, NH4-N concentration, was set at 1.0 mg/L for the OR control lane to verify the energy-

saving effects. The OR control strategy was implemented in lane 4-3, with lane 4-2 serving as the reference 

lane where traditional DO control (2.0 mg/L target) was employed. Both lanes exhibited no structural 

differences, with minimal variations in water quality and air volumes before the test. The survey spanned one 

week, during which air volume and water quality were monitored. 

The time course changes in air volume, NO3-N, NH4-N, and DO concentrations during the survey period 

are given in Figure 3. The average air volume was 79.4 m3/min for DO control, while 64.0 m3/min for OR 

control, showing a reduction of 19.4%. Figure 4 shows the detailed comparison of air volumes by OR control 

and the DO control and the reduction rate of air volume by OR control, during the whole test period. 

Regarding NH4-N, the average value for OR control was 0.66, slightly higher than that of DO control (0.29). 

However, the peak value in OR control (1.5) was even slightly lower than DO control (2.1). Additionally, the 

average NO3-N concentration for OR control (6.11) was noticeably lower than DO control (7.30). 

Sewage collection system Separate system 

Number of treatment trains 5 trains with 3 lanes in each 

Treating Capacity 240,000 m3/d 

Average inflow amount 144,000 m3/d 

Sludge treatment method dewatering 
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 In terms of DO, lower DO levels were maintained during OR control (average 0.63) compared to DO control 

(average 1.72). This was observed despite that the set point of 2.0 mg/L for DO control not being reached due 

to constraints on the upper operation limits of blowers. 

 

 

Figure 3. Air volume, nitrogen-ion and DO concentration of OR control vs DO control 
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Figure 4. Comparison of air volume by OR control and DO control and  

hourly-average reduction rate by OR control 

 

From these results, it is evident that OR control was able to achieve energy savings while maintaining 

treated water quality at the desired level. On the other hand, the main reason for the hourly variation in the 

reduction rate (Figure 4) was due to the time-dependent residual NH4-N concentration difference between OR 

control and DO control. 

 

FURTHER POTENTIAL ENERGY SAVINGS BY LOWERING PRESSURE AND IMPROVING 

BLOWER OPERATION 

 

4-1 Lowering Discharge Pressure and Reducing the Number of Blower Operations 

The existing operation involved keeping two of the three blowers (Nos. 1, 5, and 6) running continuously 

throughout the day, with occasional manual adjustments to the discharge pressure settings. To explore the 

potential of energy savings, the adjustment valves were operated in most-open-valve (MOV) mode to lower 

discharge pressure during the survey period. Based on the obtained data, this study discussed ways to enhance 

the blower operation. 

Figure 5 illustrates the relationship between power consumption and intake air volume under existing 

operation and MOV operation. MOV operation presented smaller power consumption, particularly in the low 

air volume range of two blowers, overlapping the upper range of a single blower. Substantial energy savings 

could be realized by operating with a single blower in this range.  

To achieve MOV operation and reduce the number of blower operations, it is crucial to control the total 

intake air volume of blowers according to the required air volume in the reaction tanks. This control function 

has been integrated into the OR control system, and has been implemented to multiple plants 
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Figure 5. Correlation between power consumption and air volume (blowers 1, 5 and 6) 

 

4-2 Energy Savings through Integrated Control of Air Volume and Blower Operation 

Based on the above results, the integrated energy-saving effect was simulated for trains 3 through 5, 

incorporating enhanced blower control and MOV operation within the framework of OR control, targeting an 

ammonia concentration of 1 mg/L. For calculation, operational data from April to June 2022 were selected, 

derived from operating records spanning 2019 to 2023 and defined as the existing data. This selection was 

made because the average DO and NH4-N concentrations during this period closely resembled those of lane 

4-2, where DO control was implemented in the study described afore in 3-2. 

 

The calculation was carried out as follows: 

 

First, existing hourly average air volume was calculated based on the recorded data. Then, air volume for 

OR control was computed from existing values, applying the reduction rate (hour by hour according to Figure 

4) with a daily average of 19.4% determined in this study. Thirdly, the capacity of a single blower (320 m3/min) 

was applied to determine the number of blowers, with the smaller number chosen for enhanced blower 

operation in cases where the air volume fell within the overlapping zone for different number of blowers. And 

finally, power consumption was calculated for both existing operation and OR control, respectively, based on 

data shown in Figure 5.  

Figure 6 presents the time-course hourly air volume for both existing operation and simulated values for 

OR control. It can be observed that in existing operation, the lower points of air volume nearly reached the 

single blower capacity (320 m³/min) almost daily. It should be noted that in existing operation, a single blower 

was not utilized. In contrast, under the OR simulation, the air volume was reduced by an average of 19.4%, 

causing the lower values to fall within the single blower operation zone frequently. This would significantly 

improve energy efficiency by allowing the use of a single blower, according to data shown in Figure 5. 
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Figure 6. Comparison of hourly air volume (blowers 1, 5, and 6) in existing operation vs.  

simulated values for OR control with MOV and enhanced blower operation 

 

 

Figure 7. Comparison of hourly-averaged air volume and power consumption (blowers 1, 5, and 6)  

in existing operation vs. simulated values for OR control with MOV and enhanced blower operation 

 

To compare the power consumption of OR control with that of existing operation, the air volume data shown 

in Figure 6 were averaged for each hour across the entire period. The averaged air volume and the calculated 

power consumption are presented in Figure 7, revealing an average power reduction of 22.2% (from 11.0 kW 

in existing operation to 8.56 kW under OR control), which is greater than the air volume reduction of 19.4%. 

In addition to the reduction in air volume, another significant contribution to the reduction in power 
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consumption is the decrease in the number of blowers during the period from 2:00 to 10:00 when a single 

blower operation is sufficient. 

All these energy-saving elements discussed above can be integrated into an automatic control system. And 

a modification project to implement this system is currently underway in GKWPC, the tested plant in this 

study. 

 

CONCLUSION  

 

The OR control strategy was tested, resulting in a 19.4% reduction in air volume compared to conventional 

DO control. This demonstrates the effectiveness of OR control, in which NH4-N concentration was used as 

the controlled variable. Furthermore, a larger potential reduction of 22.2% in power consumption was expected 

if discharge pressure was lowered through MOV operation and blower operation was optimized, highlighting 

the importance of overall control of the entire aeration system, not just the air supply to the reaction tanks. 

 

ACKNOWLEDGMENTS 

We would like to express our gratitude to Gunma prefectural Sewage Disposal Management Division of 

Department of Prefectural Land Development and the Sewerage Management General Office for their 

cooperation in this study. 

 

REFERENCES 

 

Åmand L., Olsson G. and Carlsson B., Aeration control – a review, Water Science & Technology, 2374-98 (2013) 

Åmand L., Laurell C., Stark-Fujii K., Thunberg A., Carlsson B., Lessons learnt from evaluating full-scale ammonium 

feedback control in three large wastewater treatment plants, Water Science & Technology, 1573-80 (2014) 

Budzynski G., Total ammonia aeration control (TAAC) theory - An innovative ammonia-based aeration controller, 

AQUA - Water Infrastructure, Ecosystems and Society, 396-406 (2024) 

Henze, M., Gujer, E., Mino, T., Matsuo, T., Wentzel, M. C., Marais, G.v.R. and van Loosdrecht, M.C.M., Activated 

Sludge Model No. 2d ASM2d, Wat. Sci. Tech., 165-182 (1999) 

Ingildsen, P., Jeppsson, U. and Olsson G., Dissolved oxygen controller based on on-line measurements of ammonium 

combining feed-forward and feedback, Wat. Sci. Tech., 453-460 (2002) 

Japan Sewage Works Association, Planning and design criteria for sewerage facilities (2009 ver.), 37-40 (in Japanese) 

Rieger L., Jones R., Dold P. & Bott C., Myths about ammonia feedforward aeration control, Proceedings of the Water 

Environment Federation, 2483-2502 (2012) 

Rieger L., Jones R., Dold P. & Bott, C. 2013 Ammonia-based feedforward and feedback aeration control in activated 

sludge processes, Water Environment Research 86, 63–73 (2014) 

Thornton, A, Sunner, N and Haeck, M, Real time control for reduced aeration and chemical consumption: a full-scale 

study, Wat. Sci. Tech., 2169-2175 (2010) 

Vrecko, D., Hvala, N., Stare, A., Burica, O., Strazar, M., Levstek, M., Cerar, P. and Podbevsek, S., Improvement of 

ammonia removal in activated sludge process with feedforward-feedback aeration controllers, Wat. Sci. Tech., 125-

132 (2006) 

Zhan, J.X., Ikehata, M., Mayuzumi, M., Koizumi, E., Kawaguchi, Y. and Hashimoto, T., An Aeration Control Strategy 

for Oxidation Ditch Processes Based on Online Oxygen Requirement Estimation, Wat. Sci. Tech., 76-82 (2013) 

 

 

 

 


