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1. Introduction
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Problem Definition

Solving global water scarcity problem through essential 
treatment of diverse wastewaters, including industrial 

detergent effluents.
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Study Aim

Applying the Concept of Quality 4.0 to enhance industrial 
wastewater for agricultural applications.
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Study Objective

Enhance treated wastewater quality for safe agricultural use, 
integrating the Concepts of Quality 4.0 and Industry 4.0.
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2. Theoretical Background

 Industry 4.0
 Quality 4.0
 Use of IoT in Wastewater Treatment
 Smart Wastewater Treatment System
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Industry 4.0
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Industry 4.0
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Quality 4.0
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Quality 4.0
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Internet of Things (IoT)

Internet of Things (IoT) is a network of interconnected devices 
that can communicate and share data over the internet.
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Internet of Things (IoT)
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Smart water treatment system
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Industrial Wastewater Treatment
(Overview)
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Case Study Applied to a Detergent Manufacturing 
Facility  
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Detergent Manufacturing Process

Detergent manufacturing combines solid and liquid ingredients,
mixed, dehydrated, and filtered to create powdered detergent.

• Soda ash
• Sodium 

tripolyphosphate
• Sodium perborate
• Carboxymethyl 

cellulose (CMC)

• Oils 
• Water
• Sulfonic acid
• Oxygenated water
• Fragrances

Solid Ingredients Liquid Ingredients
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Detergent Manufacturing Process
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Detergents Manufacturing Process Wastewater 
Treatment

Detergent manufacturing wastewater, containing contaminants 
that is needed to be treated.

Pollutant Treatment
Suspended Solids • Plain Sedimentation

• Chemically Enhanced 
Sedimentation

• Filtration

Dissolved Solids (Inorganic) • Sedimentation

• Filtration

Unacceptable Acidity or Alkalinity • pH Adjustment

Organic Contaminates • Disinfection
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3. Experimental Methods 
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Traditional Wastewater Treatment
Manual or semi-automated water treatment processes with
limited real-time monitoring, relying on periodic human
intervention.
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Smart Wastewater Treatment System (Pilot Model)
A wastewater treatment system that incorporates smart technology
such as sensors, automation, and data analysis to optimize treatment
processes.
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Smart Wastewater Treatment System (Pilot Model)
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Smart Wastewater Treatment System (Pilot Model)
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Traditional vs. Smart Wastewater Treatment Systems

Aspect
Traditional Wastewater 

Treatment System
Smart Wastewater Treatment 

System

Level of Automation Manual or semi-automated
Incorporates smart 

technology

Real-time Monitoring Limited Enabled

Control Periodic human intervention Real-time control

Efficiency Lower Enhanced

Environmental Sustainability Compliance-focused Promotes sustainability

Operational Costs Higher Potential reduction

Initial Investment Lower
Higher due to smart 

technology

Technical Expertise 
Requirements

Standard Advanced

Data Security Concerns N/A Present
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4. Results and Discussion 
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pH Control

• Basic components in
wastewater rise pH
parameter levels.

• Smart pH sensor enables real-
time monitoring and control.

• pH adjustment control pH
parameter
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Total Dissolved Solids (TDS) Control

• The high TDS levels indicating 
pollution.

• Filtration and chemicals 
control TDS.

• Real-time monitoring ensures 
proper treatment.
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Turbidity Control

• High turbidity signals 
pollution.

• Filtration and chemicals 
control turbidity.

• Sensors ensure treatment 
success.
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Improvement Percentages in Water Quality Parameters

Point of comparison Improvement Post-Treatment

pH 22.02%

TDS 49.61%

Turbidity 65.17%

Labor 83.33%

Chemical Costs 55.84%
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Conclusions

• Smart wastewater treatment system improved water quality
parameters.

• Quality 4.0 integration enhanced efficiency, reduced cost of
treatment, and ensured compliance with environmental
regulations.

• Smart wastewater treatment offers a sustainable solution
for industrial wastewater management.
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Future Work

The following are possible suggestions for future work:

• Scaling-up the system for wider industrial applications.

• Refine sensor technology for better monitoring and control
of different water quality parameters .

• Explore more uses for treated wastewater in various
applications.
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