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ABSTRACT

This project focuses on the design and implementation of a Sewage Treatment Plant (STP) to effectively manage and
treat wastewater before its safe discharge or reuse. The growing urban population and industrial activities have
significantly increased sewage generation, leading to environmental pollution and health hazards if untreated. This
project aims to highlight a sustainable approach to wastewater treatment, ensuring compliance with environmental
standards while conserving water resources. The proposed STP utilizes primary, secondary, and tertiary treatment
processes, including sedimentation, biological treatment, and filtration, to remove physical, chemical, and biological
contaminants from sewage. Modern technologies such as activated sludge processes, membrane bioreactors, and UV
disinfection are incorporated for efficient treatment. The treated water is suitable for non-potable applications such as
irrigation, industrial use, and groundwater recharge, contributing to water sustainability. This project also emphasizes
energy efficiency, cost-effectiveness, and minimal environmental impact. Sludge generated from the process is further
treated and can be used as bio-fertilizer or for biogas production. The STP model can be adapted for residential
communities, institutions, and municipalities, promoting public health and ecological balance.
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1. INTRODUCTION

The rapid growth of urban populations, industrial development, and modern lifestyles has led to a significant increase
in sewage generation. If left untreated, this wastewater can contaminate natural water bodies, spread diseases, and
degrade the environment. A Sewage Treatment Plant (STP) plays a vital role in addressing these challenges by
treating sewage in a systematic and eco-friendly manner before it is discharged or reused. Sewage is a complex
mixture of domestic, industrial, and commercial wastewater containing organic matter, harmful microorganisms, and
chemical pollutants. Proper treatment is essential to reduce these contaminants to safe levels. STPs use a series of
physical, biological, and chemical processes to remove solids, organic matter, and pathogens from wastewater, making
it safe for reuse or discharge. The importance of sewage treatment lies not only in pollution control but also in
promoting water conservation and sustainable development. With increasing water scarcity, treated wastewater can be
a valuable resource for irrigation, industrial use, and even groundwater recharge. This project explores the design,
working principles, and benefits of an STP, aiming to provide a clear understanding of how modern wastewater
management contributes to public health, environmental protection, and efficient resource utilization.

Objective:

The primary objective of this project is to design and analyze an efficient Sewage Treatment Plant (STP) that treats
domestic and industrial wastewater to meet environmental standards before disposal or reuse. It aims to reduce water

pollution, protect public health, and promote the sustainable reuse of treated water. The project also focuses on
integrating modern, cost-effective, and energy-efficient treatment technologies.

Scope:
e To study the composition and characteristics of sewage generated from various sources.

e To design a treatment system including primary, secondary, and tertiary processes for effective wastewater
purification.

e To evaluate the performance of different treatment technologies such as activated sludge, trickling filters, and
membrane bioreactors.

e To assess the feasibility of reusing treated water for non-potable purposes like irrigation, flushing, and
industrial cooling.

e Toanalyze the environmental and economic benefits of sludge management and energy recovery.
e Todevelop a scalable STP model suitable for residential complexes, institutions, and municipal areas.
e Toensure compliance with local and national wastewater discharge regulations and sustainability goals.
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2. METHODOLOGY

Data collection is a critical step in the planning and design of a Sewage Treatment Plant. It helps in understanding the
quantity and quality of wastewater, which directly influences the selection and sizing of treatment processes. The data
can be classified into two main types: quantitative (flow-related) and qualitative (pollution-related) parameters.

2.1. Quantitative Data (Flow Characteristics):
Population Equivalent (PE): Total population or equivalent population served by the STP.
Daily Sewage Flow Rate:
e Average Flow (in m¥day or L/day)
e Peak Flow and Minimum Flow variations
e Flow fluctuations by time of day or season
Water Consumption per Capita: Typically ranges from 100 to 150 liters/person/day.
Inflow & Infiltration Estimates: Additional flow from stormwater or groundwater entering the system.
2.2. Qualitative Data (Sewage Characteristics):

Parameter Unit Typical Domestic Range
pH - 6.5-8.5

BOD (Biochemical Oxygen Demand) mg/L 200 — 400

COD (Chemical Oxygen Demand) mg/L 400 - 600

TSS (Total Suspended Solids) mg/L 250 — 450

TDS (Total Dissolved Solids) mg/L 300 — 600

Oil & Grease mg/L <50

Nitrogen (Total Kjeldahl Nitrogen - TKN) | mg/L 20 -85

Phosphates (PO+*") mg/L 4-15

Pathogens (Coliforms, E. coli) MPN/100 mL | High (varies widely)

2.3. Site and Environmental Data:
e Location, area available for plant construction
e Topography and soil type
e  Proximity to water bodies or discharge points
e Climate and temperature (affects biological treatment)
2.4. Sources of Sewage:
e Residential buildings
e Commercial establishments
e Small-scale industries (if any)
e Institutions (schools, hospitals, etc.)
2.5. Regulatory Standards:
e Effluent discharge standards (as per CPCB/SPCB or local authorities)
e Requirements for treated water reuse (e.g., irrigation, construction)
This data can be obtained through:
e On-site surveys
e Flow meters and samplers
e Laboratory testing of sewage samples
e Municipal records and design handbooks

Accurate data collection ensures the STP is designed efficiently, complies with regulations, and meets environmental
goals.
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3. MODELING AND ANALYSIS
Modeling and analysis are essential for the effective design, performance prediction, and optimization of a Sewage

Treatment Plant (STP). This phase involves creating a conceptual and mathematical representation of the treatment
process to simulate real-world behavior and ensure compliance with desired effluent standards.
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Figure 1: sewage treatment plant.
4. RESULTS AND DISCUSSION

Based on the design calculations, simulations, and performance assessments, the following key results were obtained
from the sewage treatment plant model:

Parameter | Influent (Raw Sewage) | Effluent (Treated Water) | Standard Limits (e.g., CPCB)
pH 6.5-8.0 70-75 6.5-85

BOD 250 — 400 mg/L <20 mg/L <30 mg/L

COD 500 — 700 mg/L <100 mg/L <250 mg/L

TSS 300 — 450 mg/L <30 mg/L <100 mg/L

Pathogens | High (varies) Significantly reduced Safe for reuse/discharge

The designed STP successfully achieved over 90-95% removal efficiency for BOD and COD, and effectively reduced
total suspended solids and pathogens. Treated water met the required discharge norms and was deemed suitable for
non-potable reuse such as irrigation, toilet flushing, and construction purposes.

5. CONCLUSION

The results confirm that the proposed sewage treatment plant design is both technically sound and environmentally
compliant. It ensures effective treatment, safe reuse of water, and responsible sludge disposal, contributing to public
health and ecological balance.
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