Comprehensive Journal of Srience L« i ] ALAL&D o slal) Al
volum (] O)’ | (37)' (NOV' 2025) 2025 dyidillg o
olume ssue II‘&})JJ

SICST2025, www.sicst.ly : o ;;i;;;;‘;;;;;;;n;.;,g,\J (20254080j) . (37) 3201 . (10) 100l
ISSN: 3014-6266

3014-6266 :10))

ool 5 ghell G gal) aigally (ald 22

) Cipal) sba dallas clilee Cpeal Cilbalsd Joa @ludl Al daala
O phual) jgaia fuall daaa o deas G paiapas Ao PR agh e U LS e
6 Caydll i) ae
LS5 canily ol 85 daala (2ol culg Y !
LS5 eaily aoaly Byl daals (Al g I nd?
Lol ¢lgaes edgil) o slall S cagualal) duaxia®
LS5 el aaly 55 Aaals (AL yeSl) cilig Y and®
LS5 by Bl dnals cilnapdl dussia aud?
L ¢lges daals ccilagloall Lingl i £S (e lilaial) oISH) and®
L ¢lgams oAl aslell 2l ey 5y 0Ll Anrigl and®

omerkaral@aybu.edu.tr', Sehabugan@gmail.com?” llahmomarfaraj77@ctss.edu.ly?, llahmomarfaraj77@

aybu.edu.tr?,

https://orcid.org/0000-0001-8742-8189', https://orcid.org/my-orcid =0009-0008-7624-7567"

A comprehensive literature review (LR) on optimization algorithms of
Sewage Water Treatment Processes

Llahm Omar Ben Dalla', Omer Karal?, Ali Degirmenci®, Mohamed Ali
Mohamed EL-sseid* , Mansour Essgaer®, Abdulgader Alsharif ©

'Department of Electric Electronics, Ankara Yildirim Beyazit University, Tirkiye
!Computer Engineering department, College of Technical Science, Sebha, Libya
2Department of Electric Electronics, Ankara Yildirim Beyazit University , Turkiye
3Department of Electric Electronics, Ankara Yildirim Beyazit University , Turkiye
“Department of Software Engineering, Ankara Bilim University, Turkiye
SArtificial Intelligence Department, Faculty of Information Technology, Sebha University, Sabha, Libya
®Department of Electric and Electronic Engineering, College of Technical Sciences Sebha, Libya

sehabugan@gmail.com?, llahmomarfaraj77@ctss.edu.ly?, llahmomarfaraj77@ aybu.edu.tr?,
omerkaral@aybu.edu.tr?, alidegirmenci@aybu.edu.tr®, Moh200512@Bilim.edu.tr?,
man.essgaer@sebhau.edu.ly®, alsharif@ctss.edu.ly®, alsharifutm@gmail.com®

https://orcid.org/my-orcid?orcid=0009-0008-7624-7567°, https://orcid.org/0000-0001-8742-81892,
https://orcid.org/0000-0001-9727-8559% , https://orcid.org/0000-0002-8447-5091°,
https://orcid.org/0000-0003-3515-4168°

Received: 30-09-2025; Revised: 10-10-2025; Accepted: 31-10-2025; Published: 25-11-2025

3-3204 ISSN: 3014-6266 :103) (20251080J) .(37) 320l .(10) 120 Alelil pglell il=n


http://www.sicst.ly/
mailto:omerkaral@aybu.edu.tr1
mailto:Sehabugan@gmail.com2
https://orcid.org/0000-0001-8742-81891
mailto:alidegirmenci@aybu.edu.tr3
mailto:Moh200512@Bilim.edu.tr4
mailto:man.essgaer@sebhau.edu.ly5
mailto:alsharif@ctss.edu.ly6,%20alsharifutm@gmail.com6
https://orcid.org/my-orcid?orcid=0009-0008-7624-75673
https://orcid.org/0000-0001-9727-85593
https://orcid.org/0000-0002-8447-50915

A comprehensive literature review (LR) on optimization algorithms of Sewage Water Treatment Processes Llahm Omar

Ben Dalla!, Omer Karal?, Ali Degirmenci?, Mohamed Ali Mohamed EL-sseid* , Mansour Essgaer®, Abdulgader Alsharif
6

: padlal)
o3 CadSins A8l eDlgin) Julig Sl (il Auaa) Al Bl oaiall Coyeal) slae dallan cililes (st a2l
dilly e illy Lggll Jie Lawe)ll illeal) Guuns 3 elilaa¥) oISHly ) aleill il lsa s Adanll 43 )0
Aallaal) 5eliS jjanl USialiny Jiadall julaa Jasca culia) lgal) 03gd (e ¢ S oSailly 25V Ldlhall (ga salinsl) PIA (1
& Ul ISl ase ) cillaall 3 oSl Slghs 3l Jos Alnde (55 Aull 038 a3 A3 Blgiad Ll
oo cdadlaall eldf 3 50 clieas ) il s L clily eDllats Ala @by dasede ¢ oanall Copall slie dallee
aals ) Shaaill e liall (Al) el oS LA dunigl) 8 elbaa) oS0 Al LIS el
gl Capeall ol Aallee il

‘_,,Jy\ (‘;LC:S\ c‘schlua\}“ < <A Q\:\A))\); c‘ﬁ.«aﬂ 6..9);43\ ol dAallas cuf.w;ﬂ\ II\E\AW‘ LAPNIS]

Abstract: Optimizing sewage treatment processes is essential for boosting efficiency and cutting
down on energy utilize. This paper examines how machine learning which is associated with artificial
intelligence (Al) can be applied to fine-tune critical stages like aeration, sedimentation, as well as
filtration. Furthermore, via utilising real-time data as well as adaptive control strategies, these
intelligent systems can continuously adjust operational settings to improve treatment outcomes while
reducing energy demands. Through real-world case studies and in-depth data analysis, the research
highlights how Al-driven control systems can be effectively implemented in wastewater facilities.
The results demonstrate notable gains in performance, underscoring Al’s potential to revolutionize
environmental engineering and address long-standing challenges in wastewater treatment.

Keywords : Optimization, Sewage Treatment, Al Algorithms, machine learning

1. INTRODUCTION

Water vital for both human life and industrial operations is under growing threat from
harmful pollutants originating from human activities which is associated with natural
sources alike. Ensuring access to clean, safe water remains one of the most pressing
global challenges of recent time. A key step in addressing this issue is the consistent
classification and monitoring of water quality. However, existing techies often fall
short in delivering comprehensive and reliable water quality measurements (Ray,
2023). As the global population continues to rise, so too does human interaction with
aquatic environments particularly through practices like aquaculture, aquaponics, as
well as hydroponics. These activities have significantly increased the levels of
nutrients, especially nitrogen which is associated with phosphorus, entering
waterways. This nutrient overload disrupts delicate aquatic ecosystems, often
triggering problems like algal blooms as well as oxygen depletion (Hou, 2023). To
mitigate these impacts, there’s an urgent need for more effective wastewater
management strategies. Specifically, sustainable which is associated with innovative
approaches are required to treat effluent from aquaculture systems. Embracing modern
techies offers a promising path toward cleaner water and healthier ecosystems (Shen,
2023). Treating sewage effectively is essential not only to safeguard public health
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which is associated with meet environmental regulations but also to prevent pollution
of natural water systems. Rapid population growth, urban expansion, as well as
industrial development have dramatically increased the volume of wastewater,
straining current treatment infrastructure. Conventional treatment methods often
struggle with high energy demands, inconsistent removal of contaminants, and costly
maintenance (Spellman, 2018). As clean water becomes scarcer as well as
environmental rules grow stricter, there’s a clear need for smarter, more sustainable
wastewater solutions. Many traditional systems operate with static settings, making
them poorly suited to handle fluctuating wastewater characteristics. In response,
researchers as well as engineers are turning to artificial intelligence (Al) and machine
learning (ML) to modernize these processes. ML, a key component of Al, excels at
uncovering hidden patterns in complex data, offering practical tools without requiring
deep knowledge of underlying physical or biological mechanisms. Its adaptability,
speed, which is associated with precision have made it increasingly popular across
environmental engineering applications. Via learning from past operational data, Al-
driven systems can fine-tune treatment parameters in real time. This leads to better
performance, lower energy utilize, as well as a reduced ecological footprint ushering
in a new era of intelligent wastewater management. Recent studies highlight the
growing role of machine learning in modernizing wastewater treatment. For instance,
Ekinci et al. (2023) applied ML algorithms to forecast influent flow rates with high
accuracy, allowing treatment plants to anticipate changes which is associated with
adjust operations ahead of time. Bhagat et al. (2023) conducted an in-depth review
showing how ML can fine-tune key operational factors , for instance, sludge retention
time, chemical dosing, as well as energy utilize leading to more efficient plant
performance. Meanwhile, Phorah et al. (2024) stressed that the success of these models
hinges on high-quality data as well as thorough preprocessing to ensure reliable
outcomes. At its core, optimizing sewage treatment is about doing more with less:
improving efficiency while cutting energy utilize which is associated with
environmental impact. Conventional approaches, which depend on manual oversight
as well as rudimentary controls, often fall short in responding to the constantly shifting
nature of wastewater streams. These outdated methods struggle to adapt to real-time
variations in flow, composition, or treatment demands. In contrast, Al as well as
machine learning offer a smarter, more responsive alternative. Via learning from data
patterns, these techies enable dynamic, real-time decision-making in sewage treatment
plants (STPs). This shift marks a significant step forward in making wastewater
management more resilient, sustainable, as well as future-ready. Artificial intelligence
(Al) is transforming sewage treatment via utilizing advanced algorithms that analyze
data in real time as well as adapt operations on the fly. Key processes like aeration,
sedimentation, as well as filtration can be fine-tuned for better performance which is
associated with lower energy utilize. For example, aeration essential for feeding
oxygen to microbes in biological treatment is often inefficient with traditional controls,
leading to wasted energy or poor treatment. Al systems can track dissolved oxygen
levels continuously as well as adjust airflow precisely, maintaining ideal conditions
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without excess power consumption. In sedimentation, where solids are separated from
water, Al helps optimize variables like sludge blanket depth which is associated with
chemical dosing via interpreting incoming water quality as well as settling behavior,
improving clarity as well as reducing sludge volume. Filtration, the final polishing step,
also stands to gain: instead of rigid schedules, Al dynamically manages backwashing
which is associated with flow rates based on real-time filter performance, as noted via
Aghdam et al. (2023). This responsiveness prevents clogging, extends filter life, which
IS associated with cuts maintenance needs addressing issues highlighted via Nagpal et
al. (2024) regarding variable influent quality. This paper dives into how Al is applied
across these core treatment stages, examining the methods utilized, real-world hurdles,
as well as tangible benefits. Supported via case studies which is associated with data-
driven insights, analysis shows that Al-enabled control doesn’t just refine existing
systems it redefines what’s possible in sustainable, efficient wastewater management.

2. Significance of Optimizing Sewage Treatment Processes

Optimizing sewage treatment systems facilitates more efficient resource utilization,
enhances pollutant removal efficacy, which is associated with mitigates environmental
impacts. Advanced optimization techniques can effectively address challenges
associated with fluctuating wastewater characteristics, reduce energy consumption, as
well as ensure compliance with stringent environmental regulations (Singh &
Srivastava, 2021).

3. Objective and Scope

This review explores how artificial intelligence (Al) and machine learning (ML) can
address the shortcomings of traditional sewage treatment systems. While studies
highlight the need for high-quality data, thoughtful algorithm selection, as well as a
balance between model accuracy which is associated with interpretability, they also
show that integrating ML with conventional controls can lead to smarter, more adaptive
treatment processes. Realizing AI’s full potential improved efficiency, lower energy
utilize, as well as reduced environmental impact depends on overcoming practical
hurdles like data reliability, computational demands, as well as seamless real-time
deployment.
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Figure.1. The Conceptual framework of Al-Driven Sewage Treatment
Optimization

4. Sewage Management

Sewage refers to wastewater mixed with various types of waste generated from homes,
factories, farms, as well as rainwater runoff. It carries a complex mix of pollutants,
including human excreta, food scraps, grease, detergents, which is associated with
industrial chemicals that pose serious risks if left untreated. Properly managing as well
as treating this wastewater is essential to protect both community health as well as the
natural environment.

5. Components of Sewage

Household wastewater from toilets, sinks, showers, which is associated with laundry
is a daily byproduct of domestic life, while industrial sewage often carries harsher,
potentially toxic chemicals from factories. Add to that stormwater, which washes
pollutants like oil, dirt, as well as fertilizers off roads as well as land during rain or
snowmelt, as well as get a complex mix that demands careful treatment to protect both
people as well as the planet.

6. Sewage Treatment Process

The treatment of sewage involves a systematic series of processes aimed at eliminating
contaminants as well as producing treated water (effluent) that is safe for
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environmental discharge or reuse. The standard stages of sewage treatment encompass
the following:

6.1. The Utilization of Al in Sewage Treatment Optimization

Artificial Intelligence (Al) has emerged as a transformative techy across various
domains, including environmental engineering. Al algorithms, for instance, Artificial
Neural Networks (ANNS), Genetic Algorithms (GAs), as well as Fuzzy Logic, provide
innovative solutions for optimizing complex processes like sewage treatment. In this
context, Al can predict treatment outcomes, optimize process parameters, as well as
adapt to varying wastewater characteristics in real-time. (Singh & Srivastava, 2021).

6.2. Aeration Process Optimization within artificial intelligences
6.2.1. Monitoring as well as Control within Real-Time

Al helps wastewater plants breathe smarter not harder. Via constantly adjusting
airflow based on real-time conditions, it keeps microbes working efficiently, cuts
energy utilize via up to 25%, as well as prevents both wasted power which is associated
with poor treatment. It’s like giving the system a brain that learns as well as adapts,
ensuring cleaner water with less waste.

Yool Dictiiet Model: Support Vector Regression <« rbf kernel

:
ol : Feature selection:
Jkanghei District DO, COD, NH3-N

\/ inleEP
COoD
i+ NH3-N po
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T - > >

A Sewage treatment plant Sewage treatment process

Figure. 2. Problem scene of the wastewater treatment as well as intelligent aeration
research (source : Guo et al., 2024).

6.2.2. Adaptive Aeration Control

Machine learning—powered adaptive control systems can forecast oxygen needs via
learning from past as well as live data, allowing them to fine-tune aeration before
problems arise. This proactive approach has helped treatment plants boost effluent
quality via 20% which is associated with cut energy costs significantly (Sheel et al.,
2023; Alprol et al., 2024), while AI’s predictive insight ensures aeration stays efficient
amid both sudden shifts as well as gradual changes in wastewater makeup.

Table 1. compares traditional as well as Al-driven approaches for optimizing the
aeration process in sewage treatment.
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Aspect Traditional Approach Al-Driven Approach

Real-Time Monitoring | Manual monitoring, fixed Automated real-time monitoring,
adjustments dynamic control

Energy Consumption High due to inefficiencies Reduced via 15-35%

Oxygen Demand None Predictive, based on historical and real-

Prediction time data

Adaptability Low adaptability to High adaptability, proactive
fluctuations adjustments

Innovations like membrane bioreactors (MBRs), advanced oxidation processes
(AOPs), as well as anaerobic membrane bioreactors (AnMBRS) offer smarter, more
efficient ways to treat sewage tackling shortcomings of older methods, for instance,
high energy utilize which is associated with incomplete contaminant removal (Abbas
et al., 2009). Yet conventional optimization still leans on mathematical models, trial-
and-error rules, as well as lab experiments (Fu, Butler, & Khu, 2008), which, while
useful, often struggle to adapt quickly to the ever-changing nature of real-world
wastewater.

6.2.3. The enhancement based on Energy Efficiency

Aeration alone can gobble up to 60% of a sewage treatment plant’s energy utilize (Liu,
2024), but Al-driven control systems are proving to be a game-changer cutting energy
consumption via 15% to 35% across European plants, depending on setup as well as
conditions. These savings come from AI’s ability to fine-tune airflow precisely when
as well as where it’s needed, avoiding waste while keeping treatment effective, as
clearly illustrated in the comparative data presented via Alprol et al. (2024) in Table 2.

7. Sludge management and reduction
7.1. Al Optimization by using algorithms in Sedimentation Process

Sedimentation key for removing solids from wastewater can be significantly
improved with Al, which fine-tunes variables like sludge blanket depth as well as
chemical dosing in real time based on sensor data (Liu, 2024; Babu et al., 2023). At
one industrial plant, this smart approach boosted sedimentation efficiency via 18%,
cut down on sludge output, which is associated with made the whole process more
stable as well as reliable.

Table .2. A comparative aspects between traditional linked with Al-driven
approaches for optimizing the sedimentation process.
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Aspect Traditional Approach Al-Driven Approach

Parameter Adjustment Manual or fixed schedules

Dynamic adjustment of sludge
blanket height as well as flocculant

dosing

Efficiency Moderate Improved via 18%

Flocculant Usage High, often inefficient Reduced via 22% with optimized

dosing

Sludge Production Higher, increased disposal costs Reduced via 15%

Al is proving to be a powerful ally in cutting down sludge via fine-tuning sedimentation
settings as well as improving control across all treatment stages. In a real-world trial at
a municipal plant, Al-driven management reduced sludge volume via 15%, lowering
disposal costs which is associated with boosting the facility’s environmental footprint
(Liu, 2024; Duarte et al., 2023).

7.2.

Filtration plays a vital role in polishing treated wastewater via removing lingering
solids as well as harmful pathogens especially important when water is reutilized or
released into sensitive ecosystems. Al boosts this process via continuously monitoring
conditions which is associated with intelligently adjusting filtration rates as well as
backwash cycles in real time, as highlighted via Nagpal et al. (2024). Unlike traditional
methods which often backwash too early or too late, causing unnecessary wear or poor
performance (Jepsen et al., 2019; Alufasi et al., 2017) Al predicts the ideal moment for
cleaning based on actual filter data. This smart approach has improved filter efficiency
via 20%, prolonged media life, cut maintenance needs, as well as ensured more reliable
pathogen removal through dynamic, data-driven control.

Filtration Optimization Process via utilizing Al

Table 3. A comparative between traditional as well as Al-driven approaches based on
optimizing the filtration process.

Aspect

Traditional Approach

Al-Driven Approach

Author and years

Monitoring

Periodic, manual

Continuous, real-time

Markov et al., (2018)

Backwash Scheduling

Fixed intervals

Adaptive, based on
performance data

Jepsen et al., (2019)

Pathogen Removal

Suboptimal under variable
conditions

Enhanced via 25%

Alufasi et al., (2017)

Filter Media Life span

Reduced due to premature wear

Extended via 10%

Duffy et al., (2004)
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8. Al in Process Control Implementation

A major municipal wastewater plant boosted its overall efficiency via 20% via weaving
Al into its existing SCADA infrastructure a move that included upgrading sensors,
designing tailored control algorithms, as well as training staff to utilize the new system
confidently (Oruganti et al., 2023). To ease the transition, several plants rolled out
hands-on training programs that familiarized operators with Al tools, interfaces, which
Is associated with troubleshooting, leading to smoother adoption as well as better
performance. A thorough cost-benefit analysis showed the investment paid for itself in
under three years, with expected annual savings of $200,000 from reduced energy
which is associated with chemical utilize (Wongburi & Park, 2023). The evaluation
also factored in upfront costs, ongoing operational gains, as well as environmental
advantages, painting a clear picture of AI’s strong financial as well as ecological value.

9. Types of machine learning utilized in water treatments

Machine learning encompasses the process of exposing a machine to extensive
datasets, enabling it to learn, predict, identify patterns, or classify the data. The type of
algorithm employed dictates the specific methodology of machine learning. Generally,
machine learning can be categorized into two types: supervised learning which is
associated with unsupervised learning. (Dalla and Ahmad, 2023).

9.1. Supervised learning

Supervised learning gets its name from the “guided” training process, where algorithms
learn from labeled datasets meaning each input comes with the correct output enabling
them to make reliable predictions on new data. This approach is especially valuable in
real-world business scenarios, for instance, forecasting sales or optimizing inventory
levels (Dalla & Ahmad, 2023).

9.2. Unsupervised learning

Unsupervised learning excels at uncovering hidden patterns in data whether it’s
grouping similar items through clustering, finding relationships between variables via
association rules, or pulling key themes from text documents to support smarter
decisions. As Ara et al. (2024) illustrate in Figure 3, this approach is a cornerstone of
predictive modeling as well as widely utilized across diverse fields.
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Figure.3. shows types of machine learning (Dalla and Ahmad, 2023)

Al-powered tools are transforming water management via ensuring higher water
quality making it safer for drinking as well as farming while also supporting
sustainability through resource recovery (Fu et al., 2023). They’re also revolutionizing
infrastructure care via forecasting equipment wear as well as scheduling maintenance
before failures occur, which cuts costs which is associated with keeps systems running
smoothly. Beyond that, Al helps the sector tackle climate change via boosting energy
efficiency, lowering emissions, as well as enabling smarter water utilize in the face of
growing scarcity.

10.1. High operational costs and energy demands

Sewage treatment is a cornerstone of urban infrastructure, vital for safeguarding public
health which is associated with the environment but conventional systems come with
steep operational costs as well as massive energy demands (Obaideen et al., 2022).
From primary sedimentation to advanced disinfection, each treatment stage relies on
complex machinery, chemicals, as well as skilled staff, while maintaining pumps,
aerators, as well as clarifiers adds further financial pressure often straining municipal
budgets which is associated with compromising performance (Ahansazan et al., 2014).
Aeration alone can consume up to 60% of a plant’s energy (Huang et al., 2021), as well
as when paired with sludge handling as well as pumping, the environmental toll grows
through higher greenhouse gas emissions which is associated with dependence on
fossil fuels. To tackle these issues, innovative approaches like anaerobic digestion,
energy-efficient equipment, renewable energy integration, as well as decentralized
systems offer promising paths toward more sustainable, affordable, as well as resilient
wastewater management especially for communities with limited resources.

10.2. Limited adaptability to fluctuating influent characteristics

Sewage treatment plants often struggle with the ever-changing nature of incoming
wastewater its flow, temperature, pH, organic load, and chemical makeup can shift
unpredictably, throwing traditional systems off balance (Bachand et al., 2019; Jin et
al., 2014; Hartley, 2013). Conventional setups rely on fixed settings designed for stable

3-3213 ISSN: 3014-6266 :103) (20251080)) .(37) 320l . (10) 120 Aleliln pglell il=n



A comprehensive literature review (LR) on optimization algorithms of Sewage Water Treatment Processes Llahm Omar

Ben Dalla!, Omer Karal?, Ali Degirmenci?, Mohamed Ali Mohamed EL-sseid* , Mansour Essgaer®, Abdulgader Alsharif
6

conditions, so when real-world inputs fluctuate as they often do performance suffers,
energy utilize spikes, as well as treated water quality can fall short of standards. For
Instance, static aeration rates may miss the mark when pollutant levels surge, while
chemical dosing systems frequently under- or over-react to sudden pH changes
(Ganigue et al., 2011), wasting resources as well as risking compliance. These
challenges are only growing, as industrial discharges, new contaminants, as well as
climate-driven variability make influent streams even more complex (Bachand et al.,
2019). Al offers a smarter path forward: via utilizing real-time data as well as predictive
models, it can anticipate changes which is associated with dynamically fine-tune
operations though success depends on reliable sensors, quality data, as well as seamless
integration with existing infrastructure.

10.3. Incomplete removal of emerging pollutants like pharmaceuticals as well as
microplastics

Emerging contaminants like pharmaceuticals and microplastics are proving tough to
tackle in conventional sewage treatment plants thanks to their complex chemistry as
well as resistance to standard processes posing real risks to ecosystems as well as
human health (Muparutsa, 2024). These pollutants enter wastewater from homes,
farms, which is associated with industries; antibiotics and hormones can disrupt aquatic
life as well as fuel antimicrobial resistance, while microplastics (tiny plastic fragments
under 5 mm) carry toxins as well as slip through treatment systems due to their size
which is associated with buoyancy. Traditional methods designed mainly for organic
matter, nutrients, as well as larger solids lack the precision needed to remove such
trace, persistent substances effectively. Enter Al: via analyzing real-time as well as
historical data, artificial intelligence can fine-tune advanced treatments like ozone-
based oxidation or membrane filtration to target these elusive pollutants more
efficiently (Shahid et al., 2021). Still, realizing this potential hinges on better sensors,
high-quality contaminant data, which is associated with smart integration with existing
infrastructure challenges that ongoing research is steadily addressing.

10. 4. Role of Optimization in Sewage Treatment

Optimizing sewage treatment is key to making the process more efficient, cost-
effective, as well as environmentally sustainable especially as plants face rising
wastewater volumes, tighter regulations, which is associated with unpredictable
influent conditions (Sakkaravarthy et al., 2024). Unlike outdated, fixed-control
strategies that often lead to energy waste or poor chemical dosing, modern optimization
allows real-time adjustments like fine-tuning aeration based on actual oxygen demand
or precisely dosing coagulants to meet water quality targets (Su et al., 2022). Since
treatment is highly resource-intensive consuming significant energy, chemicals, as well
as water (Umamaheswari & Shanthakumar, 2016) smart optimization helps cut waste
without sacrificing performance, even improving the removal of stubborn pollutants
like pharmaceuticals as well as microplastics through advanced methods like ozonation
or membrane filtration (Sakkaravarthy et al., 2024). Via leveraging data-driven
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insights, especially from Al, plants can proactively adapt operations, extend equipment
life, which is associated with lower both costs as well as environmental impact.
Ultimately, optimization supports a greener, more resilient wastewater sector aligning
treatment goals with sustainability, regulatory compliance, as well as smarter utilize of
resources (Rout et al., 2021; Brdjanovic et al., 2015).

11.Future Perspective

Next-generation tools like edge computing and 5G will supercharge real-time
wastewater management via enabling faster, on-site data processing allowing instant
tweaks to critical processes like aeration which is associated with sedimentation (Dalla
etal., 2025). As regulations tighten, smarter, more transparent Al models tested in pilot
programs as well as blended with conventional controls will help plants meet higher
water quality standards while easing integration as well as building trust in real-world
operations.

12.CONCLUSION

Al is reshaping sewage treatment via enabling real-time, adaptive control of key
processes like sedimentation, aeration, which is associated with filtration boosting
efficiency, cutting chemical as well as energy utilize, and minimizing sludge
production without sacrificing effluent quality. Case studies show tangible benefits:
smarter backwash control alone has reduced water utilize via 15% which is associated
with extended filter life via 10%, proving that Al optimizes resources while meeting
stringent environmental standards. While challenges like upfront costs as well as
integrating Al with older infrastructure exist, the long-term gains in sustainability,
compliance, as well as operational resilience make adoption essential for modern
treatment plants. Equally important is supporting the workforce through training as
well as upskilling, ensuring staff can confidently operate which is associated with
benefit from these intelligent systems as the industry evolves.

The Author's Acknowledgement

The authors gratefully acknowledge the use of artificial intelligence (Al) tools for
proofreading and paraphrasing assistance during the preparation of this manuscript. As
English is not the authors’ native language, Al-based language models were employed
to improve grammatical accuracy, enhance clarity, and ensure adherence to academic
Wittig conventions. However, all technical content, methodology, analysis, and
conclusions presented in this work are the sole responsibility of the authors and reflect
their original research and intellectual contribution.

REFERENCES

Adibimanesh, B., Polesek-Karczewska, S., Bagherzadeh, F., Szczuko, P., &
Shafighfard, T. (2023). Energy consumption optimization in wastewater treatment
plants: Machine learning for monitoring incineration of sewage sludge. Sustainable
Energy Technologies and Assessments, 56, 103040.

3-3215 ISSN: 3014-6266 :103) (20251080)) .(37) 320l . (10) 120 Aleliln pglell il=n



A comprehensive literature review (LR) on optimization algorithms of Sewage Water Treatment Processes Llahm Omar

Ben Dalla!, Omer Karal?, Ali Degirmenci?, Mohamed Ali Mohamed EL-sseid* , Mansour Essgaer®, Abdulgader Alsharif
6

Aghdam, E., Mohandes, S. R., Manu, P., Cheung, C., Yunusa-Kaltungo, A., & Zayed,
T. (2023). Predicting quality parameters of wastewater treatment plants using artificial
intelligence techniques. Journal of Cleaner Production, 405, 137019.

Ahansazan, B., Afrashteh, H., Ahansazan, N., & Ahansazan, Z. (2014). Activated
sludge process overview. International Journal of Environmental Science and
Development, 5(1), 81.

Alprol, A. E., Mansour, A. T., Ibrahim, M. E. E. D., & Ashour, M. (2024). Artificial
Intelligence Technologies Revolutionizing Wastewater Treatment: Current Trends and
Future Prospective. Water, 16(2), 314.

Alufasi, R., Gere, J., Chakauya, E., Lebea, P., Parawira, W., & Chingwaru, W. (2017).
Mechanisms of pathogen removal Dby macrophytes in  constructed
wetlands. Environmental Technology Reviews, 6(1), 135-144.

Alvi, M., Batstone, D., Mbamba, C. K., Keymer, P., French, T., Ward, A., ... & Cardell-
Oliver, R. (2023). Deep learning in wastewater treatment: a critical review. Water
Research, 120518.

Ara, A., Maraj, M. A. A., Rahman, M. A., & Bari, M. H. (2024). The Impact Of
Machine Learning On Prescriptive Analytics For Optimized Business Decision-
Making. International Journal of Management Information Systems and Data
Science, 1(1), 7-18.

Babu, C. S., Yadavamuthiah, K., Abirami, S., & Kowsika, S. (2023). Artificial
Intelligence in Wastewater Management. In Artificial Intelligence Applications in
Water Treatment and Water Resource Management (pp. 31-45). IGI Global.

Bachand, S. M., Kraus, T. E., Stern, D, Liang, Y. L., Horwath, W. R., & Bachand, P.
A. (2019). Aluminum-and iron-based coagulation for in-situ removal of dissolved
organic carbon, disinfection byproducts, mercury and other constituents from
agricultural drain water. Ecological Engineering, 134, 26-38.

Bachand, S. M., Kraus, T. E., Stern, D., Liang, Y. L., Horwath, W. R., & Bachand, P.
A. (2019). Aluminum-and iron-based coagulation for in-situ removal of dissolved
organic carbon, disinfection byproducts, mercury and other constituents from
agricultural drain water. Ecological Engineering, 134, 26-38.

Bhagat, S. K., Pilario, K. E., Babalola, O. E., Tiyasha, T., Yaqub, M., Onu, C. E., ... &
Yaseen, Z. M. (2023). Comprehensive review on machine learning methodologies for

modeling dye removal processes in wastewater. Journal of Cleaner Production, 385,
135522.

Dalla, L. O. B., Karal, O., & Degirmenciyi, A. (2025). Leveraging LSTM for Adaptive
Intrusion Detection in loT Networks: A Case Study on the RT-10T2022 Dataset
implemented On CPU Computer Device Machine.

3-3216 ISSN: 3014-6266 :103) (20251080J) .(37) 320l . (10) 120 Alelil pglell il=n



A comprehensive literature review (LR) on optimization algorithms of Sewage Water Treatment Processes Llahm Omar

Ben Dalla!, Omer Karal?, Ali Degirmenci?, Mohamed Ali Mohamed EL-sseid* , Mansour Essgaer®, Abdulgader Alsharif
6

Dalla, L. O. F. B., & Ahmad, T. M. A. (2023). HEART DISEASE PREDICTION VIA
USING MACHINE LEARNING TECHNIQUES WITH DISTRIBUTED SYSTEM
AND WEKA VISUALIZATION. Journal of Southwest Jiaotong University, 58(4).

Duarte, M. S., Martins, G., Oliveira, P., Fernandes, B., Ferreira, E. C., Alves, M. M.,
... & Novais, P. (2023). A review of computational modeling in wastewater treatment
processes. ACS Es&t Water, 4(3), 784-804.

Duffy, P., Sher, J. L., & Partington, P. F. (2004). Premature wear and osteolysis in an
HA-coated, uncemented total hip arthroplasty. The Journal of Bone & Joint Surgery
British Volume, 86(1), 34-38.

Ekinci, E., Ozbay, B., Omurca, S. I., Sayin, F. E., & Ozbay, 1. (2023). Application of
machine learning algorithms and feature selection methods for better prediction of
sludge production in a real advanced biological wastewater treatment plant. Journal of
Environmental Management, 348, 119448.

Fu, G., Sun, S., Hoang, L., Yuan, Z., & Butler, D. (2023). Artificial intelligence
underpins urban water infrastructure of the future: A holistic perspective. Cambridge
Prisms: Water, 1, el4.

Ganigue, R., Gutierrez, O., Rootsey, R., & Yuan, Z. (2011). Chemical dosing for
sulfide control in Australia: an industry survey. Water research, 45(19), 6564-6574.

Granata, F., Papirio, S., Esposito, G., Gargano, R., & De Marinis, G. (2017). Machine
learning algorithms for the forecasting of wastewater quality indicators. Water, 9(2),
105.

Guo, Z., Shen, Y., Chakraborty, C., Alblehai, F., & Yu, K. (2024). Industrial 6G-1oT
and Machine Learning-Supported Intelligent Sensing Framework For Indicator
Control Strategy in Sewage Treatment Process. IEEE Internet of Things Journal.

Hartley, K. (2013). Tuning biological nutrient removal plants. Iwa Publishing.

Heo, S., Nam, K., Tariq, S., Lim, J. Y., Park, J., & Yoo, C. (2021). A hybrid machine
learning—based multi-objective supervisory control strategy of a full-scale wastewater
treatment for cost-effective and sustainable operation under varying influent
conditions. Journal of Cleaner Production, 291, 125853.

Hou, H.; Ren, A.; Yu, L.; Ma, Z.; Zhang, Y.; Liu, Y. An Environmental Impact
Assessment of Largemouth Bass (Micropterus salmoides) Aquaculture in Hangzhou,
China. Sustainability 2023, 15, 12368.

Huang, Y., Li, P., Li, H., Zhang, B., & He, Y. (2021). To centralize or to decentralize?
A systematic framework for optimizing rural wastewater treatment planning. Journal
of Environmental Management, 300, 113673.

Jepsen, K. L., Bram, M. V., Hansen, L., Yang, Z., & Lauridsen, S. M. (2019). Online
backwash  optimization of membrane filtration for produced water
treatment. Membranes, 9(6), 68.

3-3217 ISSN: 3014-6266 :103) (20251080J) .(37) 320l . (10) 120 Alelil pglell il=n



A comprehensive literature review (LR) on optimization algorithms of Sewage Water Treatment Processes Llahm Omar

Ben Dalla!, Omer Karal?, Ali Degirmenci?, Mohamed Ali Mohamed EL-sseid* , Mansour Essgaer®, Abdulgader Alsharif
6

Jin, L., Zhang, G., & Tian, H. (2014). Current state of sewage treatment in
China. Water research, 66, 85-98.

Kanneganti, D., Reinersman, L. E., Holm, R. H., & Smith, T. (2022). Estimating
sewage flow rate in Jefferson County, Kentucky, using machine learning for
wastewater-based epidemiology applications. Water Supply, 22(12), 8434-8439.

Lee, G. Y., Alzamil, L., Doskenov, B., & Termehchy, A. (2021). A survey on data
cleaning methods for improved machine learning model performance. arXiv preprint
arXiv:2109.07127.

Liu, X. (2024). Optimization of sewage treatment processes: Process control based on
artificial intelligence. Applied and Computational Engineering, 93, 185-190.

Manu, D. S., & Thalla, A. K. (2017). Artificial intelligence models for predicting the
performance of biological wastewater treatment plant in the removal of Kjeldahl
Nitrogen from wastewater. Applied Water Science, 7, 3783-3791.

Markov, A., Barabanov, A., & Tsirlov, V. (2018). Periodic Monitoring and Recovery
of Resources in Information Systems. Book: Probabilistic Modeling in System
Engineering, by ed. A. Kostogryzov. IntechOpen, 213-231.

Muparutsa, T. W. (2024). Demystifying Machine Learning: Applications in African
Environmental Science and Engineering. European Journal of Theoretical and
Applied Sciences, 2(3), 688-705.

Nagpal, M., Siddique, M. A., Sharma, K., Sharma, N., & Mittal, A. (2024). Optimizing
wastewater treatment through artificial intelligence: recent advances and future
prospects. Water Science & Technology, 90(3), 731-757.

Obaideen, K., Shehata, N., Sayed, E. T., Abdelkareem, M. A., Mahmoud, M. S., &
Olabi, A. G. (2022). The role of wastewater treatment in achieving sustainable
development goals (SDGs) and sustainability guideline. Energy Nexus, 7, 100112,

Oruganti, R. K., Biji, A. P., Lanuyanger, T., Show, P. L., Sriariyanun, M.,
Upadhyayula, V. K., ... & Bhattacharyya, D. (2023). Artificial intelligence and
machine learning tools for high-performance microalgal wastewater treatment and
algal biorefinery: A critical review. Science of The Total Environment, 876, 162797.

Oruganti, R. K., Biji, A. P., Lanuyanger, T., Show, P. L., Sriariyanun, M.,
Upadhyayula, V. K., ... & Bhattacharyya, D. (2023). Artificial intelligence and
machine learning tools for high-performance microalgal wastewater treatment and
algal biorefinery: A critical review. Science of The Total Environment, 876, 162797.

Phorah, K., Sumbwanyambe, M., & Sibiya, M. (2024). Systematic Literature Review
on Data Preprocessing for Improved Water Potability Prediction: A Study of Data
Cleaning, Feature Engineering, and Dimensionality Reduction Techniques.
Nanotechnology Perceptions, 133-151.

3-3218 ISSN: 3014-6266 :103) (20251080J) .(37) 320l . (10) 120 Alelil pglell il=n



A comprehensive literature review (LR) on optimization algorithms of Sewage Water Treatment Processes Llahm Omar

Ben Dalla!, Omer Karal?, Ali Degirmenci?, Mohamed Ali Mohamed EL-sseid* , Mansour Essgaer®, Abdulgader Alsharif
6

Ray, S.S.; Verma, R.K.; Singh, A.; Ganesapillai, M.; Kwon, Y.-N. A holistic review
on how artificial intelligence has redefined water treatment and seawater desalination
processes. Desalination 2023, 546, 116221.

Rout, P. R., Zhang, T. C., Bhunia, P., & Surampalli, R. Y. (2021). Treatment
technologies for emerging contaminants in wastewater treatment plants: A
review. Science of the Total Environment, 753, 141990.

Rudin, C., Chen, C., Chen, Z., Huang, H., Semenova, L., & Zhong, C. (2022).
Interpretable machine learning: Fundamental principles and 10 grand challenges.
Statistic Surveys, 16, 1-85.

Sakkaravarthy, S., Jano, N. A., & Vijayakumar, A. (2024). Overcoming Challenges in
Traditional Waste Water Treatment Through Al-Driven Innovation. In The Al
Cleanse: Transforming Wastewater Treatment Through Artificial Intelligence:
Harnessing Data-Driven Solutions (pp. 53-81). Cham: Springer Nature Switzerland.

Salem, M., Mohamed, E. L., Mossad, M., & Mahanna, H. (2022). Random Forest
modelling and evaluation of the performance of a full-scale subsurface constructed
wetland plant in Egypt. Ain Shams Engineering Journal, 13(6), 101778.

Sbahi, S., Ouazzani, N., Hejjaj, A., & Mandi, L. (2021). Neural network and cubist
algorithms to predict fecal coliform content in treated wastewater by multi-soil-
layering system for potential reuse (Vol. 50, No. 1, pp. 144-157).

Shahid, M. K., Kashif, A., Fuwad, A., & Choi, Y. (2021). Current advances in
treatment technologies for removal of emerging contaminants from water—A critical
review. Coordination Chemistry Reviews, 442, 213993.

Sheel, S., Naser, S. J., Diame, H. A., Hassan, N. B., Hussien, N. A., & Kadry, S. (2023).
Intelligent system for Distributed Quality Monitoring of Sewage Management based
on Wastewater Treatment Procedure and Data Mining. Journal of Intelligent Systems
& Internet of Things, 9(2).

Shen, Y.; Chen, C.; Li, P.; Huang, X.; Li, Y. Application of a smart pilot
electrochemical system for recycling aquaculture seawater. Aquac. Int. 2023, 1-17
Singh, N. K., Yadav, M., Singh, V., Padhiyar, H., Kumar, V., Bhatia, S. K., & Show,
P. L. (2023). Artificial intelligence and machine learning-based monitoring and design
of biological wastewater treatment systems. Bioresource technology, 369, 128486.

Su, B., Lin, Y., Wang, J., Quan, X., Chang, Z., & Rui, C. (2022). Sewage treatment
system for improving energy efficiency based on particle swarm optimization
algorithm. Energy Reports, 8, 8701-8708.

Sundui, B., Ramirez Calderon, O. A., Abdeldayem, O. M., Lazaro-Gil, J., Rene, E. R.,
& Sambuu, U. (2021). Applications of machine learning algorithms for biological
wastewater treatment: updates and perspectives. Clean Technologies and
Environmental Policy, 23, 127-143.

3-3219 ISSN: 3014-6266 :103) (20251080J) .(37) 320l . (10) 120 Alelil pglell il=n



A comprehensive literature review (LR) on optimization algorithms of Sewage Water Treatment Processes Llahm Omar

Ben Dalla!, Omer Karal?, Ali Degirmenci?, Mohamed Ali Mohamed EL-sseid* , Mansour Essgaer®, Abdulgader Alsharif
6

Umamaheswari, J., & Shanthakumar, S. (2016). Efficacy of microalgae for industrial
wastewater treatment: a review on operating conditions, treatment efficiency and
biomass productivity. Reviews in environmental science and bio/technology, 15, 265-
284.

Wongburi, P., & Park, J. K. (2023). Prediction of Wastewater Treatment Plant Effluent
Water Quality Using Recurrent Neural Network (RNN) Models. Water, 15(19), 3325.

Yang, L., & Shami, A. (2020). On hyperparameter optimization of machine learning
algorithms: Theory and practice. Neurocomputing, 415, 295-316.

Zhang, S., Wang, H., & Keller, A. A. (2021). Novel machine learning-based energy
consumption model of wastewater treatment plants. ACS ES&T Water, 1(12), 2531-
2540.

Zhang, W., Tooker, N. B., & Mueller, A. V. (2020). Enabling wastewater treatment
process automation: leveraging innovations in real-time sensing, data analysis, and
online controls. Environmental Science: Water Research & Technology, 6(11), 2973-
2992.

3-3220 ISSN: 3014-6266 :103) (20251080J) .(37) 320l . (10) 120 Alelil pglell il=n



