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ABSTRACT 

Since the proportion of power consumed by blowers is relatively large in wastewater treatment 

plants (WWTPs), the introduction of energy-saving blowers is effective to save power in 

WWTPs and thus to reduce CO2 emission. In this study, the effectiveness of the energy-saving 

blowers was confirmed from the results of both case studies and actual installations of the 

energy-saving blowers. The results of the case study and the actual installation showed that the 

amount of power consumption of the blower was reduced from 13% to 51%. 
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ABSTRACT 

Since the proportion of power consumed by blowers is relatively large in wastewater treatment plants 

(WWTPs), the introduction of energy-saving blowers is effective to save power in WWTPs and thus to reduce 

CO2 emission. In this study, the effectiveness of the energy-saving blowers was confirmed from the results of 

both case studies and actual installations of the energy-saving blowers. The results of the case study and the 

actual installation showed that the amount of power consumption of the blower was reduced from 13% to 

51%. 

 

 

INTRODUCTION  

 

Global warming is one of the urgent issues to be tackled. 

Japanese Government has set a goal of reducing CO2 

emissions by 46% by 2030 compared to 2013 levels as 

a target for achieving carbon neutrality by 2050, 

according to the Plan for Global Warming 

Countermeasures in 2021. 

It is necessary to urgently reduce power consumption 

and curb CO2 emissions. 

Figure 1 shows power consumption in wastewater 

treatment plants (WWTPs). In wastewater treatment 

plants, aeration system occupies large portion of power 

consumption, thus, energy-saving blowers are effective 

to reduce power consumption significantly.  

Previous studies have shown methods for reducing 

overall WWTP power consumption [1-2], energy 

savings by controlling aeration systems [3-8], energy savings by combining blower operation [9], and energy 

savings by replacing Roots blowers to turbo blowers [10]. 

This study presents the energy savings by replacing existing blowers to energy-efficient blowers at several 

WWTPs. 
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OBJECTIVE  

 

The purpose of this study is to show the effect of energy-efficient blowers to promote the introduction of 

energy-efficient blowers. 

 

SUBJECT 

 

This study was conducted for the following three types of 

blowers which have energy-saving performance. 

1.1.High-speed turbo blower with air foil bearings  

Figure 2 shows the high-speed turbo blower with air foil 

bearings. High-speed turbo blowers with air foil bearing 

have a structure that generates no mechanical losses while 

levitating by air. Rotation speed is controlled by inverter 

and directly connected motor structure eliminates 

transmission losses and saves energy. 

 

1.2.High-speed turbo blower utilizing active magnetic 

bearings. 

Figure 3 shows the high-speed turbo blower with magnetic 

bearings. The single-stage turbo blower with direct-coupled 

magnetic levitation high-speed motor have a structure that 

generates no mechanical losses single-stage turbo blower with 

high-speed motor and magnetic bearing while levitated by 

magnetism. The combination of rotation speed controlled by 

inverter and inlet vane results in high efficiency 

  

1.3.High-efficiency screw blowers 

Figure 4 shows the high-efficiency screw blowers. 

High-efficiency screw blowers have a structure that the volume 

inside the blower is continuously compressed due to decreasing 

volume between the rotor and casing. 

Since the screw rotor is directly connected to the electric 

motor, this blower reduces transmission loss and saves 

energy. 

 

CASE STUDY 

 

Methods to reduce power consumption per airflow rate in 

aeration system consists of the adoption of energy-saving 

blowers and improvement of the operational method of blowers. In 

this study, we confirmed the energy-saving effect of adopting energy-

saving blowers. 

Figure 5 shows the case study flow. The case study was conducted on actual WWTPs. The number of 

existing blowers see below, blower type, control system, and operation management status were confirmed, 

and the reduction of power consumption and CO2 were calculated if the existing blowers were replaced with 

energy-saving blowers.  

Figure 3. High-speed turbo blower with  

magnetic bearings 
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Based on these results, confirmed were the factors contributing to the effectiveness of the installation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Case study flow 

 

In this study, the energy saving effects of the blowers were estimated for four WWTPs with treatment 

capacities of 12,000m3/d to 146,000m3/d, based on the operating results of each WWTPs. 

Four cases were introduced in this paper. (Case A - Case D) 

Table 1 shows an overview of each WWTPs and the results of Case A to Case D. 

Overview of WWTPs shows the WWTPs capacity, treatment process, and energy-saving blowers which 

assumed to be installed, while the case study results show the reduced power consumption, percentage 

reduction in power consumption, and reduced CO2 emission. 

 

Table 1：Results of the case study 

 Case A Case B Case C Case D 

WWTPs capacity  12,000 m3/d 69,000 m3/d 146,000 m3/d 120,000 m3/d 

Treatment process Conventional 
activated sludge 

Conventional 
activated sludge 

Conventional 
activated sludge 

Conventional 
activated sludge 

Energy-saving Blowers High-efficiency 
screw blowers 

High-speed turbo 
blower with air foil 

bearings 

High-speed turbo 
blower with air foil 

bearings 

High-speed turbo 
blower with 

magnetic bearings 

Reduced power 
consumption 

321,890 kWh/year 272,178 kWh/year 1,282,237 kWh/year 831,923 kWh/year 

Percentage reduction in 
power consumption 

50.6 % 13.1 % 30.4 % 24.4 % 

Reduced CO2 emission 140 t/year 118 t/year 558 t/year 362 t/year 

 

In addition, the amount of electricity reduced by updating to the energy-saving blowers was confirmed for 

two WWTPs with treatment capacities 14,000m3/d and 22,000m3/d, based on the operating results before and 

after the introduction of the energy-saving blowers. Two cases were introduced in this paper. (Case E – Case F). 

Table 2 shows an overview of each WWTPs and the results of replacing the energy-efficient blowers. 

Overview of WWTPs shows the WWTPs capacity, treatment process, and energy-saving blowers which 

were installed, while the case study results show the reduced power consumption, percentage reduction in 

power consumption, and reduced CO2 emission. 

 

① Organaizing Information of wastwater treatment facilities 

② Confirmation of airflow rate 

③ Calculation of energy consumption from swiching to energy-saved blowers 

④ Calculation of CO2 emission reductions from swiching to energy-saved 

blowers 

⑤ Analysis of case study results 
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Table 2: Results of a case study 

 Case E Case F 

WWTPs capacity  22,000 m3/d 14,000 m3/d 

Treatment process Conventional activated sludge Conventional activated sludge 

Newly Developed Blowers High-speed turbo blower 
with air foil bearings 

High-efficiency screw blowers 

Reduced power 
consumption 

217,385 kWh/year 94,440 kWh/year 

Percentage reduction in 
power consumption 

23.0 % 22. 1% 

Reduced CO2 emission 95 t/year 41 t/year 

 

RESULTS  

 

1.Case study A  

At WWTP A (12,000m3/d), the energy-saving effect of replacing all four Roots blowers to the high-

efficiency screw blowers. In this study, airflow rate was assumed to be same as that of previous blowers and 

energy-saving blowers. 

As a result of comparing the electric power consumption of the blowers, as shown in Figure 6, it was found 

that the reduction rate of electric power consumption was 51% by replacing to energy-saving blowers.  

The reason for the reduced power consumption is that power consumption per airflow rate increases when 

airflow rate is reduced from rated operation for general blowers, but for energy-saving blowers, power 

consumption is less inefficient even when airflow rate is reduced, as shown in Figure 7. 

Energy-saving blowers were selected to have appropriate capacity for required airflow rate, thus, they were 

operated close to the rated airflow to farther reduce power consumption.  

 

 

2.Case study B 

At WWTP B (69,000m3/d), the energy-saving effect of replacing all four multistage turbo blower to the 

high-speed turbo blower with air foil bearings was estimated. In this study, airflow rate was assumed to be 

same as that of previous blowers and energy-saving blowers.  

As a result of comparing the electric power consumption of the blowers, as shown in Figure 8, it was found 

that the reduction rate of electric power consumption was 13% by replacing to energy-saving blowers.  
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Figure 6. Effects of introducing energy-saving blowers 

based on estimation (Case A) 
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The reason for the reduced power consumption is that power consumption per airflow rate increases when 

airflow rate is reduced from rated operation for general blowers, but for energy-saving blowers, power 

consumption is less inefficient even when airflow rate is reduced as shown in Figure 9. 

 

 

3.Case study C   

At WWTP C (146,000m3/d) the energy-saving effect of replacing all five single-stage speed-increasing 

blowers to the high-speed turbo blower with air foil bearings was estimated. In this study, airflow rate was 

assumed to be same as that of previous blowers and energy-saving blowers. 

As a result of comparing the electric power consumption of the blowers, as shown in Figure 10, it was 

found that the reduction rate of electric power consumption was 30% by replacing to energy-saving blowers.  

The reason for the reduced power consumption is that power consumption per airflow rate increases when 

airflow rate is reduced from rated operation for general blowers, but for energy-saving blowers, power 

consumption is less inefficient even when airflow rate is reduced as shown in Figure 11. 

 

 

 

 

 

4. Case study D 

At WWTP D (120,000m3/d), the energy-saving effects of replacing four multistage turbo blower to two 

high-speed turbo blower utilizing active magnetic bearing were estimated. In this study, airflow rate was 

assumed to be same as that of previous blowers and energy-saving blowers. 
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Case study D presents the results of four cases, existing blower, energy-savin blower, energy-saving blower 

with airflow magnification control, and energy-saving blower with airflow magnification and variable pressure 

control. (Figure 12) 

As shown in Figure 12, from the calculation results for each condition in which the blower equipment, 

airflow rate, and variable pressure control were changed, it was confirmed that by efficiency of the blower 

itself, by efficiency by airflow control, and by efficiency by variable pressure control pressure consumption 

were improved. Comparing the effect of each condition on power consumption per airflow rate, as shown in 

Figure 13, the smaller the airflow rate, the larger the effect of reduced power consumption. As a result of 

comparing the electric power consumption of the blowers, it was found that the reduction rate of power 

consumption was 24% by replacing to energy-saving blowers (Figure 12).  

The energy consumption per airflow rate is lower for the newly developed blowers than for the existing 

blower, indicating that the energy efficiency of the blower itself has been improved. 

Also, the energy consumption per airflow rate is lower with variable pressure control than with constant 

pressure control, indicating that the variable pressure control can operate with less load.  
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5. Case study E 

At WWTP E (22,000 m3/d), three multi-stage turbo blowers were replaced by a single air-bearing high-

speed turbo blower. Records from the first three months of operation of the energy-saving blower showed 23% 

reduction in blower power consumption. (Figure 14) 

 

 
Figure 14. Effects of introducing energy-saving blowers based on estimation (Case E) 

 

6. Case study F 

At WWTP F (14,000m3/d), two rotary-lobe positive displacement blower were replaced with two high-

efficiency positive displacement screw blowers. Results from the first year of operation of the energy-saving 

blowers showed 22% reduction in blower power consumption. (Figure 15) 

 

 

Figure 15. Effects of introducing energy-saving blowers based on estimation (Case F) 
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DISCUSSION  

 

Previous studies have shown reductions in energy consumption by improving operational efficiency through 

the combination of blowers.[9] and the introduction of airflow control systems. [3-8]  

This study shows the effect of introducing energy-saving blowers when the blower is changed from an 

existing blower to an energy-saving blower for several WWTPs. 

Furthermore, the actual installation results of energy-saving blowers at several WWTPs were verified, and 

it was confirmed that the energy-saving blowers were effective in reducing energy consumption. 

It is estimated that further energy savings can be achieved by combining the introduction of energy-saving 

blowers in this study with improved operation methods. 

In this study, airflow rate was same in case of previous blowers and energy-saving blowers. 

For aeration system, other than these blowers, high efficiency diffusers and airflow control system, such as 

DO control and NH4 control are effective method to reduce power consumption. 

Combination of energy-saving blowers, high efficiency diffusers and advanced control system enables 

effective energy-saving aeration system. 

 

CONCLUSIONS  

 

Based on the results of the case study, the effect of reducing power consumption by introducing energy-

efficient blowers was examined.  

Percentage reduction in power consumption based on calculations were 13% to 51%.  

One reason for the effectiveness of the effect was that the efficiency of the power consumption was less 

likely to deteriorate even when the airflow rate was reduced. 

It was also found that the energy-saving blower was more efficient than the existing blower at any airflow 

rate, indicating that the blower itself is highly efficient. 

In addition, it was confirmed that the effect was obtained not only in estimations but also in actual operation, 

and that the introduction of energy-saving blowers was effective in reducing energy consumption. 
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