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Abstract

Introduction: While wastewater treatment plants (WWTTPs) are vital for protecting public health and
the environment, their significant energy consumption presents a major operational and environmental
challenge. Globally, these plants can account for up to 1% of a nation's total energy usage. A key
contributor to this energy burden is the operation of pumping stations, which utilize large, often
continuously running pumps to lift wastewater through the various treatment stages.

Fixed-speed pumps, traditionally used in pumping stations, offer simplicity but are inefficient in
handling the variable wastewater inflow common in WWTPs. During low inflow, they waste energy
by operating at full capacity. Conversely, high inflow can overwhelm them, risking overflows and
environmental damage. Recent advancements in artificial intelligence (Al) offer a solution by enabling
dynamic pump control. Al, through machine learning and optimization algorithms, can analyze real-
time inflow data and predict trends, allowing for speed adjustments that minimize energy use. Studies
have shown significant energy reductions with Al-driven pump control. This research investigates a
novel Al-based approach for optimizing pump speed in WWTPs, specifically using a hybrid Grey
Wolf Algorithm (GWO) and Support Vector Regression (SVR) model. GWO, inspired by grey wolf
hunting, optimizes pump parameters to minimize energy. SVR predicts future pump speed
requirements based on real-time data and GWO-optimized parameters. Real-world data from the

Zahedan Refinery's pumping station validates the proposed method's potential for energy savings in
WWTPs.

Materials and Methods: This section details the development of an optimization model for a
wastewater pump located in a reservoir. The model uses randomly generated inflow patterns based on
real-world data from the Zahedan Wastewater Treatment Plant. This plant, designed to serve a future
population of approximately 900,000, occupies 24 hectares in eastern Zahedan and includes 17
kilometers of transmission lines, a reservoir, and a pumping station. Hourly inflow data, collected in
2021, was recorded for a reservoir with a constant cross-sectional area of 12 square meters and height
limits of 1 and 9 meters. Analysis of the 2021 data revealed a peak average wastewater flow rate of 6.99
liters per second in June and a maximum standard deviation of 68.27 in February. The optimization
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problem is then formulated to minimize daily pumping energy consumption.

minimize
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The research contrasts a traditional fixed-speed pump control (Classic Model) with an Al-driven
approach (Optimization Model). This latter model utilizes Grey Wolf Algorithm (GWO) for variable
speed control to optimize energy usage. Support Vector Regression (SVR) is then incorporated to
predict pump speed based on the optimized output from the GWO model.

Discussion and Results: The GWO algorithm is implemented to identify optimal pump operation
parameters. The Support Vector Regression (SVR) model predicts pump speed using optimized
parameters, and comparative analysis with a fixed-speed system reveals substantial energy savings. A
detailed analysis and discussion of the results are provided.

Conclusions: This study explored a novel Al-driven approach for optimizing pump speed control in
wastewater treatment plant (WWTP) pumping stations, utilizing a hybrid Grey Wolf Optimization
(GWO) and Support Vector Regression (SVR) model. Significant Energy Savings: The GWO-SVR
model demonstrably reduces energy consumption in variable-flow pumping stations compared to
fixed-speed systems, highlighting the potential of Al-based optimization for enhancing energy
efficiency in WWTPs. Precise and Dynamic Pump Control: The SVR model accurately predicts
optimal pump speeds based on real-time data and GWO-optimized parameters, enabling efficient
pump operation through dynamic speed adjustments to meet fluctuating flow demands and minimize
energy waste. Practical Implementation for WWTPs: The combined GWO-SVR model offers a
readily implementable solution for WWTP operators to optimize pump control and achieve
significant energy savings, contributing to more sustainable and cost-effective wastewater treatment.

Keywords: Energy efficiency - simulation - pumping station - gray wolf algorithm - support vector
regression.
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Table 1 Statistical Characteristics of Zahedan Pumping Station for 12 Months of 2021

Month Average Flow Rate Standard Deviation Maximum Flow Rate ~ Minimum Flow Rate

(Liters per Second) (Liters per Second) (Liters per Second)
April 90.11 17.18 130.2 57.13
May 97.72 19.12 140.26 61.73
June 99.16 21.52 143.41 53.64
July 94.2 21.99 141.29 54.1

August 79.5 124 107.22 52

September 86.74 15.89 120.23 52.53
October 88.18 21.6 120.16 45.87
November 89.84 22.55 128.85 46.32
December 93.85 24.96 140.08 42.81
January 92.77 26.73 152.25 49.19
February 95.89 27.68 145.13 46.95
March 86.6 24.23 130.25 49.25
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Table 2 values related to goodness of fit test statistics

o Kolmogorov Smirnov Anderson Darling Chi-Squared
Distribution — — Y
statistic statistic statistic
Logistic 0.15097 0.52745 1.2679
Lognormal 0.14375 0.65113 1.167
Normal 0.12908 0.37532 1.2405
L oadds SO Slajalols o oo Jlade colys o @ ool Cels V280, slaools o alols
A Alg Ao ¥ dolas 4y az g3 (aA“.) ol iy y25 S 5uSlee  Wools s @
Qi . .
_ QN,L’=6_1.:‘5’L°). d.LoL’SJJbLg‘).: QN,i d.mL?u L]
Qi = QniXQyy (2) att
&5)6,9&(;0@0)@&‘@0&{}@6@ °
aS |y glasds 4 selo gsboosls (giluwacs glo ) IS RN EEY
gy oKl 4 (6995 Lo g sl o5 Zige g, b Qi ooy9) s 4 slp ) dolae J> @
A2, o Lo el Cawsd 4 hasly BB ailsdadas
=t o RO i (1t —0vV2Z x erf In(2 X RN — 1))
(1)
—Qni=0
160
< 140
S
g 120
€ 100
w -
E 80
z’ 60 ::lh- :ﬂ’m
= o
3, -
2
= 20
0
0 200 400 600 800 1000 1200 1400 1600
Time (minutes)
— April ——May Tune Tuly — August
September —— October November December January
February ——March Average
Fig. 1 Estimation of simulated discharge data based on normal distribution function for Zahedan station 2021
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Table 3 Optimization results with time windows of 30, 60 and 120 minutes

T a B Eref Ecs Eopt MNopt Nes €

30 0.5 0.25  298.2418 1019.724 732.8461 0.4069 0.2925 1.391
30 0.5 0.5 530.2577 1053.107 893.3155 0.5936 0.5035 1.179
30 0.5 0.75 7622737 1256.22 1085.403 0.7023 0.6068 1.157
30 1 0.25  202.0439 835.7968 661.8611 0.3053 0.2417 1.263
30 1 0.5 395.8096 931.4493 842.8721 0.4696 0.4225 1.105
30 1 0.75  589.5753 1121.331 1047.087 0.5631 0.5258 1.071
30 1.5 0.25 141.2296 756.5095 688.4483 0.2051 0.1867 1.099
30 1.5 0.5 280.0065 824.3013 772.4832 0.3625 0.3397 1.067
30 1.5 0.75  418.7833 930.8066 882.1074 0.4748 0.4499 1.055
60 0.5 025  298.2418 1019.724 712.8461 0.4184 0.2925 1.430
60 0.5 0.5 530.2577 1053.107 875.3155 0.6058 0.5035 1.203
60 0.5 0.75 7622737 1256.22 1074.403 0.7095 0.6068 1.169
60 1 0.25  202.0439 835.7968 657.8611 0.3071 0.2417 1.270
60 1 0.5 395.8096 931.4493 825.8721 0.4793 0.4225 1.128
60 1 0.75  589.5753 1121.331 1027.087 0.5740 0.5258 1.092
60 1.5 0.25 141.2296 756.5095 653.4483 0.2161 0.1867 1.158
60 1.5 0.5 280.0065 824.3013 755.4832 0.3706 0.3397 1.091
60 1.5 0.75  418.7833 930.8066 868.1074 0.4824 0.4499 1.072
120 0.5 025  298.2418 1019.724 702.8461 0.4243 0.2925 1.377
120 0.5 0.5 530.2577 1053.107 862.3155 0.6149 0.5035 1.221

120 0.5 0.75  762.2737 1256.22 1065.403 0.7155 0.6068 1.130
120 1 0.25  202.0439 835.7968 639.8611 0.3158 0.2417 1.306
120 1 0.5 395.8096 931.4493 810.8721 0.4881 0.4225 1.149

120 1 0.75 589.5753 1121.331 1009.087 0.5843 0.5258 1.111
120 1.5 0.25 141.2296 756.5095 648.4483 0.2178 0.1867 1.167
120 1.5 0.5 280.0065 824.3013 749.4832 0.3736 0.3397 1.099
120 1.5 0.75  418.7833 930.8066 860.1074 0.4869 0.4499 1.082
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Fig. 6 Comparison of daily reference energy, constant and optimal pumping energy in a 60-minute time window
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Fig. 7 Comparison of energy performance in pumping station with constant(ncs) and variable speed(nopt) for 30 minutes
time window
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Fig. 8 Comparison of energy performance in pumping station with constant(ncs) and variable speed(nopt) for 60 minutes
time window
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Fig. 9 Comparison of energy performance in pumping station with constant(ncs) and variable speed(nopt) for 120 minutes
time window
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Fig. 10 Comparison of energy performance in pumping station with fixed and variable speed (Piri et al., 2021)
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