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Abstract: This research focuses on the rotational speed of the pump and the frequent pattern of inlet
flow rate. For this purpose, an optimization method for setting up a pump in a sewage pumping station
under variable inlet flow was presented and a random model was calibrated on real data to generate
inlet flow patterns and several system conditions. Also, an optimization model based on genetic
algorithm and neural network was used to minimize the energy required for pumping. Based on the
optimal method taken from the genetic algorithm, the energy required for pumping was optimized.
Optimal design data including pumping flow, inlet flow, static height and pumping height were
developed as the input of the neural network model to simulate the pump cycle speed. Using data from
genetic algorithm and neural network models, the amount of optimized energy and pump efficiency
were calculated.
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Introduction: Sewage pumping stations (SPS) are one of the essential components of the wastewater transfer,
therefore, modeling of urban sewage stations is a critical step for improving the overall efficiency of the operation
of the municipal sewage disposal system. There are often ambiguities in the design of pumping station engineering,
and reliability analysis is definitely used to ensure its performance. The use of variable-speed pumps with higher
flexibility in operating conditions can greatly reduce energy loss. So it is possible to combine variable and constant-
speed pumps to meet the real needs of the system, this approach works well in pipelines with high friction losses,
and if the pump is running at low speeds and discharges, it will have better overall efficiency than fixed-speed
operation (Castro-Gama et al. 2017, Kusiak and Zhang, 2011). In recent years some authors (Kusiak et al. 2011,
Benedetti et al. 2013, Dotto et al. 2014, Skworcow et al. 2014) have proposed various algorithms for optimization
planning, these optimization algorithms have been different for variables and objective functions. Definition of
the problem, the most findings from the latest published sources, the need for new optimization study to meet the
real needs of SPS.

Methodology: The study adopts the data from the sewage pumping station of Zabol located in southeastern Iran
Fig. 2. Hourly data were collected for nine months from the beginning of 2017. MATLAB Version 2014 was used
for simulation and optimization the SPS Usually, the pump operates at a constant rotational speed and a relatively
constant discharge rate while the inlet discharge is time-dependent, thus, the network frequency may not be
optimal.
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Therefore, an optimization problem was run on Zabol sewage pumping station. The main variable is the speed of
the pump, which could take a desirable range. Minutely data was precured by log-normal distribution and Monte-
Carlo method. In the optimization stage, the variables of pumping flow, static height, speed of pump rotation and
time of on and off of the pump are created. The next step is to simulate the speed of the pump rotation with an
artificial neural network, which has been done with great precision. In the final stage, for two pumping stations,
according to different scenarios, the amount of energy in both variable and constant modes is calculated. A
comparison was conducted to show the capability of genetic hybrid algorithm for optimizing the energy.

Results and Discussion: The optimization model has been applied for different conditions. The volume of the wet
well was 112m? and the minimum and maximum height of the wet well were 1 and 8 m, respectively, and the fixed
level of the wet well was 16 m?. These conditions have been considered for 9 months of the year. The values of
B were simulated at 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1, resulting in different H head loss values.

The values of Qo (pumping discharge rate), H (static head), Ns (pump rotational speed), and Hman (pumping head)
are calculated for each scenario. Table 1 to 9 has presented the statistical indicators such as maximum, mean and
standard deviation of each parameter for each p value for each month. The values of energy required for the

optimal solution, which is optimized by a hybrid model of a genetic algorithm and compared with a fixed control,
indicate a fixed control (ie, a pumping station in which the pumps operate only at their maximum speed and start
and stop only with Water level control can also be calculated. The results show the high accuracy of the combined
genetic algorithm with the neural network in minimizing the energy consumed by the pump for the station. The
overall efficiency results indicate a higher accuracy of the combined genetic algorithm compared to the fixed
control (CS) shown in Table 2. This accuracy, even when the value was 2, indicates the superiority of the genetic
combination algorithm in optimizing energy. In examining the station to optimize energy in terms of different
scenarios, the accuracy of the genetic hybrid algorithm is still clearly visible (Table 2). Fig. 6 shows the relationship
between constant and variable speeds to o and g for the Zabul station.

Conclusion: The amount of energy in both states of variable and constant pumping rate was calculated using the
genetic hybrid algorithm. Optimization results showed that with an optimal rotational speed of pumps the desired
energy savings can be pursued. In most scenarios, energy can be saved up to 50%. Moreover, the efficiency of the
optimal system can be increased by the difference between the maximum pump flow and the reduction of the inlet
flow.

© 2022 University of Zabol, Zabol, Iran.
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Table 1 The parameters of different scenarios studied, average 9 months for Zabol station.

Max Mean Max Mean Max Mean Max Mean
Qout(m3/s) Qout(m3/s) H(m) H(m) Hman(m) Hman(m) Ns(rpm) Ns(rpm)
0.128 0.055 4.15 2.93 10.43 451 1568.89 697.21
0.1 0.227 0.055 4.15 3.05 40.34 5.44 2996.66 773.04
0.2 0.227 0.055 4.15 3.51 40.31 6.75 2996.96 882.29
0.3 0.228 0.055 4.15 3.83 40.30 9.27 2984 .42 1094 .21
0.4 0.220 0.055 4.15 3.78 37.63 11.82 2888.46 1187.87
0.5 0.221 0.055 4.15 3.65 38.92 11.94 2938.75 1062.70
0.6 0.228 0.055 4.15 3.50 39.38 11.87 2992.54 976.45
0.7 0.229 0.055 4.15 3.53 39.99 12.38 2999.03 967.36
0.8 0.229 0.055 4.15 3.46 39.59 12.79 2979.63 956.66
09 0.238 0.055 4.15 3.19 40.08 10.46 2997.05 782.10
1 0.244 0.055 4.15 3.03 40.82 9.30 3000 711.10
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Fig. 5 The comparison of optimization data with genetic algorithm with simulated neural network data for rotation speed at
Zabol pumping station.
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Table 2 The comparison of the optimization results with different values of time window (T) in Zabol pumping station

Overall Overall

. o ECS . o Em[al Ho Qmax
eff‘(f,}f)ncy (kwh/day) eff‘(f,;:)“cy (kwh/day)  (kwh/day) (m) (it/s) a A
65 2091.58 36 1153.56 3196.96 0 223.67 1 0
67 2091.10 41 1270.50 3114.82 4.04 223.67 1 0.1
69 2089.11 46 1395.23 3030.36 8.08 223.67 1 0.2
71 2088.10 51 1500.00 2945.90 12.11 223.67 1 0.3
73 2090.18 56 1605.00 2861.60 16.15 223.67 1 0.4
75 2088.50 62 1701.00 2777.36 20.19 223.67 1 0.5
78 2087.89 67 1805.00 2692.49 24.22 223.67 1 0.6
79 2077.88 73 1909.00 2624.58 28.26 223.67 1 0.7
81 2065.90 79 1995.00 2543.22 32.30 223.67 1 0.8
84 2056.90 83 2030.00 2640.80 36.33 223.67 1 0.9
86 2053.43 86 2050.00 2378.78 40.37 223.67 1 1
26 399.62 12 184.36 1550.25 0 111.84 2 0
30 477.66 198 294.39 1600.50 4.04 111.84 2 0.1
34 555.41 26 420.30 1650.20 8.08 111.84 2 0.2
37 633.16 30 510.60 1700.62 12.11 111.84 2 0.3
41 710.97 36 620.20 1720.45 16.11 111.84 2 0.4
45 788.82 4 725.50 1750.35 20.19 111.84 2 0.5
51 866.92 51 860.40 1700.45 24.22 111.84 2 0.6
56 952.37 60 1015.00 1710.25 28.26 111.84 2 0.7
60 1031.67 67 1150.00 1720.35 32.30 111.84 2 0.8
64 1110.37 78 1350.00 1725.55 36.33 111.84 2 0.9
69 1189.39 84 1450.00 1720.41 40.37 111.84 2 1
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Fig. 6 Comparison of energy efficiency in a constant (1) and variable speed(nopt) pumping station with a for Zabol station.
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Fig. 7 Comparison of energy consumption in a pumping station with constant speed (1cs) and variable (1opt) of Zabol station
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