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Abstract: This article covers the problems of energy saving in air blowers of biological wastewater
treatment plants. The parameters of the aeration system of air blowers and their energy saving studies were
analyzed. By determining the parameters of the effluent in the aeration tank, the parameters of the aeration
system of the air blower were determined. Energy values were compared by comparing the frequency of the
asynchronous motor with the speed rectification method depending on the load of the propulsion devices, and
energy saving capabilities were identified. Results of the research are given in tables and graphs.
Keywords: Wastewater, asynchronous motor, frequency, mechanical characteristics, energy saving.
INTRODUCTION
Nowadays, the development of energy, transport, industry and other sectors of the economy is having a
huge negative impact on the environment. Consequently, along with the rational use of water resources, special
attention is paid to energy saving in wastewater treatment systems and the improvement of wastewater treatment
and utilization systems. Because biological treatment of wastewater is almost harmless to the environment, such
projects are increasingly being implemented, large investments are being made in them, and promising
developments and research are being supported. In particular, in 2020, the Asian Infrastructure Investment Bank
(AIIB) has allocated a loan of $ 385.12 million for the development of infrastructure of drinking water and
sanitation in Bukhara region.
Today, one of the important tasks is to control and manage the parameters of the technological
environment in the systems of treatment and use of industrial wastewater. Through the implementation of
modern processes, methods and equipment, the use of the biological treatment method in the aeration process in
standard wastewater treatment plants reduces electricity costs. In the process of standard wastewater treatment,
the main part of the electricity costs is the aeration of the sediment mixture (65% or more) [1].
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Figure 1. Distribution in percentage of electricity consumption for the standard complex of wastewater
treatment plants, including the main pumping station
Two 200 kW devices have been installed at the air blowing station of wastewater treatment plant of
Bukhara Regional “Suvta’minot” LLC. By determining the technological parameters of the wastewater, we
determine the energy saving potential by frequency rectification of asynchronous motor of the air blower. We
calculate the characteristics of changes in energy and mechanical parameters depending on the load level for
different values of frequency and compare them with energy indicators
LITERATURE REVIEW
Today, many scientists are carrying out number of research to determine the power of air blowers in
biological wastewater treatment plants and in course of energy saving to rectify the speed of their static torque
by changing the frequency of the asynchronous motor voltage. We will take brief look at the research that has
been carried out in this area.
V.V. Naydenko, A.P. Kulakova, I.A. Sherenkov provided comprehensive information on the
optimization of wastewater treatment processes. The capacity of the air pumping unit in biological treatment
plants was determined by the parameters of the wastewater [2].
Y.V. Voronov, S.V. Yakovlev provided the necessary data for the calculation of the aeration system of
wastewater treatment plants [3].
G.G. Sokolovsky considered basic laws of control of asynchronous motors, the speed of which can be
rectified by changing the frequency, and their implementation [4].
R.F. Bekishev, Yu.H. Dementev considered the load-bearing variations of the electrical, mechanical,
and energy performance of non-rectifiable and rectifiable asynchronous electric drives and the basis for the
creation of energy-efficient automated asynchronous electric drives. The results are presented in graphs and
tables [5].
I.A. Siromyatnikov considered the effect of mechanical load, frequency and voltage values on the axis
of asynchronous and synchronous motors on the performance of asynchronous motors [6].
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METHODS
The asynchronous motor of air blower in biological wastewater treatment plants can be rectified using
the currently common frequency method.
The specific air consumption during the aeration process is determined as follows [2,3]:

qair 

qO Len  Lex 
K1K 2 K m K3 Ca  CO 

where:

Len and Lex  complete biochemical need for oxygen of treated wastewater entering the biological treatment
system(BODfull), mg/l;

qO  specific consumption of oxygen, mg/mg BODfull;

Ca  water solubility of atmospheric oxygen, mg/l;
CО  the concentration of dissolved oxygen in the aerotank, mg/l;

K1  coefficient taking into account the type of aerator;
K1  0,937

f
 1,47
F

where:

f
 ratio of the surface of the aeration zone to the surface of the aerotank;
F

K 2  coefficient taking into account the air driving depth of the aerator;
K 2  0,523h  0,321
where:

h  air driving depth of the aerator, m;
K m  coefficient taking into account the temperature of the wastewater;

K m  1  0,02(t av.s  20)
where:

t av.s  average monthly temperature of wastewater in summer, oC;

K3  coefficient taking into account the ratio of the rate of oxygen transfer in the active turbid mixture to
fresh water.
We determine the solubility of atmospheric oxygen in water and the concentration of dissolved
oxygen in the aerotank from the following formula [2].

Ca  CT
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CT  0,0043  tW2  0,358  tW  14,5

where:

CT  solubility of atmospheric oxygen in water depending on temperature and pressure, mg/l;

tW  temperature of wastewater, oC;

h  air driving depth of the aerator, m.
We determine the efficiency of the air blower from the following formula [2]:

Qair  qair  qw
where:

qw  estimated consumption of wastewater entering the treatment system, m3/h.
We determine the capacity of the air blower from the following formula [2]:

N

13,1( p2

0 , 29

 26,3)  Qair  0,278
1000  

where:

p2  air pressure, kPa;
  coefficient of efficiency of device.
The change of frequency in the static torque depending on air drive is calculated by the following
formula [5].
M s  M in  ( M n  M in )   2
Mn 

N

n

M in  0,1  M n
where:
M n  rated static torque of the air blower, N·m;

M in  initial static torque of the air blower, N·m;



f1
 relative frequency;
f1n

f1n and f1 -nominal and optional frequency of circuit voltage, Gs;

n  nominal angular frequency of the motor, 1/s.
We build the natural mechanical characteristics of an asynchronous motor based on the nominal
specifications of this asynchronous motor. To do this, we identify the necessary points of natural mechanical
characterization, which are:
1) s  0 , o and M=0 point  idle running point;
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2) s n , n and  n  n  nominal point;
n
3) s cr  s n bn 2  1 ,  cr   o (1  s cr ) and  cr  bn   n  critical point;
4) s  1 ,   0 and  st  bst   n  short circuit point [5,6,8,9,10].
Nominal indicators of asynchronous motor are as follows: Pn  mechanical power on the motor axis,
kW; Nominal voltage, kV;  п  nominal coefficient of efficiency; cos  п  nominal power factor;

bп  maximum load by torque; bst  multiple value of starting torque; d st  multiple value of starting
current; 0  idle running angle frequency, 1/s; n  nominal angular frequency, 1/s; sn  nominal slip;

 n  nominal relative static moment.
Frequency rectification characteristics of asynchronous motor are constructed as follows
[5,6,7,8,9,10].The relative static moment of asynchronous motor when it is operated at a load other than the
rated load  S  M S (MS – static moment on the axis of asynchronous motor), where the multiple value of
Mп
the maximum moment relative to the current static moment is determined by the following expression:

bS 

M cr
b  2
 n
M S S  2

where:

     S  relative value of voltage.
Critical value of slip is inversely proportional to the frequency, except for the value of the active
resistance of the stator belt.

s crf 

scr  f1n s cr

.
f1


Given the above expressions, the Kloss formula has the following view:

2
2

s cr s

s s cr
2  bn 

Energy characteristics of asynchronous motor at rectification are constructed as follows. The relative
value of the voltage for the relative value of the static moment  S at the relative value of the asynchronous
motor frequency  will be equal to      S .Based on these parameters, we determine the maximum
torque load of asynchronous motor:

bs 

bn  2
 2.

s 
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We determine the rated rotor current given by the following formula:
bn  bn2  1
I 2`


s
I 2` n
bs  bs2  1
2
and actual value: I 2`  I 2` n  s bn  bn  1
2

bs  bs  1

Nominal value of rotor belt:
 2 n  сos n  1n 

n
;
 n cos  n 3U l

where:

I 1n  nominal current of stator belt phase.
Nominal value of the magnetization current of the motor magnetic system:

 n  12n   22n
The relative value of the magnetization current for different values of frequency and voltage is
determined from the universal magnetization characteristic of asynchronous motors shown in Figure 1.

Figure 2. Description of the universal magnetization of asynchronous motor ( I n  nominal voltage
and magnetizing current at frequency)
We will determine the relative magnetic flux by substituting the relative values of frequencies and
voltages in the expression for the ordinate axis,


, which represents the relative value of the magnetic flux


between the stator and rotor of the asynchronous motor in the description, then we will determine the relative
value of the corresponding magnetization current

I
I н

magnetization current.
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We determine the sine and cosine values of the angle between the stator current and the circuit
voltage.

1

sin  ` 

2  bs (bs  bs2  1)

cos  `  1  sin 2  `
We determine the value of the stator phase current.

I1  ( I   I 2`  sin  ` ) 2  ( I 2` cos ` ) 2
We determine the power coefficient of asynchronous motor.
cos  

I 2`  cos  `
I1

We calculate the total, active and reactive power consumed by the asynchronous motor from the
circuit.
S  3    U l  I1
P  S  cos 
Q  S  sin 

We determine the efficiency coefficient of asynchronous motor.



   s  Pn
S

RESULTS AND DISCUSSION
In this research, the possibility of energy saving in asynchronous motor of air blowers by controlling the
air driving depth, dissolved oxygen concentration and temperature of the aerator in the aerotank at the
wastewater treatment plant of Bukhara regional “Suvta’minot” LLC was studied. The daily flow of wastewater
was calculated and analyzed. Using the temperature of the effluent, the solubility of oxygen relative to the daily
flow and the specific consumption of air in the aeration process depending on the concentration of dissolved
oxygen in the effluent in the aeration tank were determined. Fig. 3 shows daily graph of wastewater flow. The
estimated consumption of wastewater is 2770 m3/h. Graph in Fig. 4 of the solubility of oxygen in wastewater at
different temperatures depending on the air driving depth of the aerator constructed in the MatLab program. Due
to the fact that the aeration depth of the aerator in the aerotank at the enterprise is 4,5 m and the temperature is
20 ºC, the water solubility of oxygen in the water was 11,2 mg/l. Fig. 5 shows a graph of the concentration of
dissolved oxygen in wastewater at different temperatures in the aerotank as a function of the specific air
consumption during aeration. When the concentration of dissolved oxygen in wastewater was adjusted in the
range of 2-4 mg/l, the specific air consumption at 20 ºC was on average 3 m3/m3. According to practical
calculations, this figure is 12 m3/m3 when the parameters of the technological environment of wastewater are not
rectified [1]. Fig. 6 shows a graph of the frequency-dependent change of the static moment of the air blower,
constructed in the Matlab program. At relative frequency 0,8, the relative static moment was 0.66, at 0,6 was
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0.42 and at 0,4 was 0.24. Fig. 7 shows the mechanical characteristics of asynchronous motor, the speed of which
is rectified by changing the frequency of the air drive. Based on these mechanical characteristics, in fig. 8 and 9,
the indicators with the sign (0) in the index of energy performance of the asynchronous motor in the air drive at
different loads are indicated when the asynchronous motor is connected directly to the circuit, as well as energy
indicators without such an index are given in the case of asynchronous motor rectification. When the
asynchronous motor is rectified, when its load changes from 55% to 100% of the nominal, its power
consumption decreases by 27%, respectively, the efficiency coefficient increases by 1,6 times and the power
coefficient by 1,05. According to the daily schedule of wastewater flow, the energy saved in the asynchronous
motor of the air blower was 610 kWh per day.

Figure 3. Daily schedule of wastewater flow
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Figure 4. Oxygen solubility in wastewater at different temperatures depending on the air driving depth of
aerator

Figure 5. Graph of the concentration of dissolved oxygen in wastewater at different temperatures in the
aerotank as a function of specific air consumption during aeration
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Figure 6. Frequency variation of static torque of air blower

o

sn

bп

bit

d it

п

cos  п

kW

1/s

(-)

(-)

(-)

(-)

(-)

(-)

200

157

0,013

2,3

1,3

6,0

0,94

0,92
Table.1.

Nominal performance of asynchronous motor in air blower

Figure 7. Mechanical characteristics of asynchronous motor, the speed of which can be rectified by
changing the frequency of the air blower
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Figure 8. Comparative characteristics of the active power consumed by asynchronous motor

Figure 9. Comparative characteristics of efficiency and power coefficients of asynchronous motors.
CONCLUSIONS
Results of research led to the following conclusions:
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1. Data from the treatment plant on the flow of wastewater in the aerotank, the concentration and
temperature of dissolved oxygen were obtained and analyzed. Since the aeration depth of the aerator is mainly
4,5 m and the temperature is 20ºC, the water solubility of oxygen in the air is 11,2 mg/l.
2. In the MatLab program, a graph of the concentration of dissolved oxygen in wastewater at different
temperatures in the aerotank as a function of the specific air consumption during aeration was constructed.
When the concentration of dissolved oxygen in wastewater is rectified in the range of 2-4 mg/l, the specific air
consumption at a temperature of 20ºC averages 3 m3/m3.
3. The graph of frequency change of static torque of the air blower and the characteristics of frequency
rectification of asynchronous motor are constructed. At relative frequency 0,8 the relative static moment was
0,66, at 0,6 was 0,42 and at 0,4 was 0,24.
4. When the asynchronous motor is rectified, when its load changes from 55% to 100% of the nominal,
its power consumption decreases by 27%, respectively, the efficiency coefficient increases by 1,6 times and the
power coefficient by 1,05.
5. It was found that the amount of energy saved in the asynchronous motor of the air blower was 610
kWh per day.
6. Analysis of obtained results allows saving energy by frequency adjustment of the asynchronous
motor of the blower in this enterprise.

ACKNOWLEDGMENTS
The author of this work acknowledges the gratitude to the rector of the Bukhara Engineering
Technological Institute N.R. Barakaev for his supporting the development of science and created conditions for
doctoral students and scientific researchers at the educational institution, and the head of the sewage treatment
plant “Suvta’minot” LLC station Sh.Sh. Ashurov for his assistance in organizing and conducting laboratory and
measuring work regarding the determination of concentration and temperature of dissolved oxygen. And also
we want to express special gratitude to our colleagues for the invaluable experience transferred to us in the
process of research and mentoring.
REFERENCES
1. V.I. Bazhenov “Energy saving from“ air ”. Improving the energy efficiency of wastewater treatment plants ”,
Energy Council, 2013, No. 1, pp. 32-43.
2. B.B. Naidenko, A.P. Kulakova, I.A. Sherenkov “Optimization of the processes of purification of natural and
waste waters” M.: Stroyizdat, 1984, p.152.
3. Yu.V. Voronov, S.V. Yakovlev “Water disposal and wastewater treatment” M.: DIA, 2006, p.702.
4. G.G. Sokolovsky “Electric drives of alternating current with frequency regulation” M.: Academy, 2006,
p.265.
5. R.F. Bekishev, Yu.N. Dementiev “Electric Drive” M.: Yurayt, 2016, p.302.
6. I.A. Syromyatnikov “We work on asynchronous and synchronous motors” M.: Energoatomizdat, 1987, p.
412.
1485

European Journal of Molecular & Clinical Medicine
ISSN 2515-8260

Volume 7, Issue 06, 2020

7. N.F. Ilyinsky “Fundamentals of electric drive” M.: MPEI, 2003, p. 224.
8. V.V. Moskalenko “Electric Drive” M.: Academy, 2007, p. 362.
9. M.M. Katzman “Electric Drive” M.: Academy, 2011, p. 384.
10. V.V. Moskalenko “Automated control systems for electric drive” M.: INFRA-M, 2004, p. 207.
11. Yu.G. Shipulin, M.I. Makhmudov “Instruments and methods for monitoring the parameters of process
media in the treatment and use of industrial wastewater” Monograph, Tashkent: Fan va texnologiya, 2018, p.
215.
12. B.N. Repin "Directory. Water supply and sanitation. External networks and constructions" M.: Higher
school, 1995, p. 431.
13. M.M. Katzman “Handbook of electric machines” M.: Academy, 2005, p.458.

1486

