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Abstract—Securing the environment is severely hampered 

by the fact that as the population grows, so does the volume of 

sewage produced. There is a need for environmentally friendly 

sewage treatment facilities since traditional techniques of 

treatment cause substantial environmental damage. In this 

article, an In-depth analysis is provided about the 

environmentally friendly sewage treatment plant, including its 

benefits over traditional sewage treatment plants and its 

potential for usage in urban areas. Furthermore, a novel eco-

friendly sewage water treatment plant inspired by the waste 

treatment inside the cow’s body is proposed. The performance 

and advantages of the proposed model is discussed and 

compared with other existing models in terms of removal 

efficiency, flow rate, energy consumption, sludge production 

and cost. It is found that the suggested model is at par with 

conventional methods, and can be replicated in sewage 

management industry. 

Keywords—Eco-friendly Sewage Treatment, Low Power 

Waste Plant, Cow Inspired Waste Plant 

I. INTRODUCTION 

A vital resource that keeps life on our planet alive is 
water. Wastewater generation has significantly expanded 
along with population growth and urbanization [1]. The 
World Health Organisation (WHO) estimates that 80% of 
the wastewater produced globally is released into the 
environment without receiving the proper treatment, which 
results in environmental deterioration and health issues [2-
3]. In traditional sewage treatment plants, wastewater is 
treated using chemical and mechanical processes. These 
processes use a great deal of energy and produce toxic 
sludge that needs to be properly disposed of [4]. These 
traditional practices put human health and biodiversity in 
jeopardy as well as threaten the ecosystem by polluting the 
air, water, and soil [5-6]. 

Environmentally responsible sewage treatment facilities 
use cost-effective, energy-saving, and environmentally 
advantageous natural processes to manage wastewater in a 
sustainable manner [7]. These techniques clean wastewater 
by eliminating pollutants and toxins using chemical, 
physical, and biological processes [8]. Biofilters employ 
microorganisms to break down organic matter and 
contaminants in wastewater, as opposed to man-made 
wetlands, which use plants and soil to naturally clean 
wastewater through filtering. Using plants to clean sewage 
of heavy metals and other contaminants is known as 
phytoremediation [9]. Reducing the negative effects of 
wastewater treatment on the environment, conserving 
resources and energy, and promoting sustainable 
development are just a few advantages of implementing 
environmentally friendly sewage treatment. These facilities 
are adaptable enough to deal with a variety of contaminants, 
including home and commercial wastewater [10]. 

Compared to traditional sewage management techniques, 
environmentally friendly sewage treatments provide a 
number of advantages [12]. These developments handle 
waste using natural processes, with minimum sludge 
production, low energy and chemical consumption, and 
great organic pollutant removal efficiency. Membrane 
bioreactors may successfully treat a variety of toxins while 
having no adverse effects on the environment [13]. Built-in 
wetlands offer cheap starting and maintenance costs while 
being able to manage waste naturally and support plant and 
animal life. Simple, cheap trickling filters are best suited for 
little populations. Sequencing batch reactors are ideal for 
small- to medium-sized communities due to their superior 
treatment efficiency, high-quality effluent, and high effluent 
output. In general, these improvements in environmentally 
friendly sewage treatments offer effective and long-lasting 
ways to treat wastewater [14]. 
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Overall, environmentally sound wastewater treatment 
facilities offer a viable and practical answer to the escalating 
wastewater treatment issue. By promoting and using these 
plants, we can save the environment, conserve resources, 
and enhance the health and welfare of people. 

II. LITERATURE STUDY 

In order to minimize any negative environmental 
consequences, wastewater is treated using natural methods 
at the sewage treatment plant that is ecologically friendly. 
The purpose of [15] was to demonstrate the numerous kinds 
of bacteria that may be grown in different standard organic 
formulations and their ability to support the stimulation of 
early plant development. Methods2% leaf soil extract, 2% 
commercial organic fertilizer extracts with 2% yoghurt, 
100% and 33% panchagavya, plant extracts with native 
microorganisms, and plant extracts with native bacteria were 
among the five distinct traditional organic formulations 
developed and employed. [16] The production of enzymes 
(laccases, degradative enzymes, and proteases), bioethanol 
and biodiesel, biofertilizer and compost, bio-
flocculants/biopolymers, biopesticides, and bioplastics are a 
few examples of the ways that solid waste has been used as 
a raw material for the formation of VAPs.  

The aim of [17] is to assess the efficacy of sewage 
produced by the 100 MLD Sewage Treatment Plant (STP), 
which is based on the most advanced Cyclic Activated 
Sludge Technology and is situated in Vashi, Navi Mumbai. 
Srivatsav et al. work [18] seeks to give a fundamental 
review of the application of biochar as a useful and moral 
adsorbent for removing dangerous colorants (dyes) from the 
aquatic environment. Municipal and animal wastes can 
improve the state of the soil and ecology, claim Hazrati et 
al. [19]. According to Shao et al. [20], a sustainable plan 
includes the recovery of N and P nutrients, efficient 
wastewater purification, and the reuse of solid waste.  

 

Table 1 Advancements in eco-friendly waste management systems with 

benefits 

Advancements in Eco-

Friendly Sewage 

Treatments 

Benefits over Conventional Sewage 

Management Methods 

Mimicking the waste 

treatment inside cow's 
body 

- Uses natural processes for treatment 
- Produces biogas as a source of energy 

- Low energy consumption 

- Low chemical consumption 
- Low sludge production 

- High removal efficiency of organic 

pollutants 

Membrane bioreactor 

- Small footprint 
- High treatment efficiency 

- High-quality effluent 

- Can treat a wide range of pollutants 
- Minimal odor 

- Suitable for urban areas 

Constructed wetlands 

- Low capital and operating costs 

- Natural treatment process 
- High removal efficiency of nutrients and 

organic pollutants 

- Can support plant and animal life 
- Aesthetically pleasing 

- Can help mitigate flood and drought risks 

Trickling filter 

- Simple and low-cost technology 

- Low energy consumption 
- Low sludge production 

- High removal efficiency of organic 

pollutants 
- Suitable for small communities 

Sequencing batch reactor 

- High treatment efficiency 
- High-quality effluent 

- Low sludge production 

- Minimal odor 
- Suitable for small to medium-sized 

communities 

- Can treat a wide range of pollutants 

 

Moreover, Table 1 presents the recent advancements in 
eco-friendly sewage treatments, and their benefits over 
conventional sewage management methods. The major 
contributions of this work includes, proposed a novel eco-
friendly waste management system for sewage management, 
compared the proposed model with conventional waste 
management techniques in terms of removal efficiency, flow 
rate, energy consumption, chemical consumption, cost, 
sludge production, and various other parameters. 

III. MODEL ARCHITECTURE 

A. Model Design 

The clarifier tank, anaerobic digester, and aerobic 
digester are the four parts of the planned environmentally 
friendly sewage treatment facility. The four chambers of a 
cow's digestive tract served as the model for the plant's 
form. At the source, the input tank controls and catches the 
flow of the wastewater. The first compartment is the 
anaerobic digester, where microorganisms work similarly to 
the rumen in a cow's digestive tract to break down complex 
organic waste into simpler chemicals. The anaerobic 
digester works in an atmosphere devoid of oxygen to 
encourage the growth of anaerobic microorganisms. The 
simpler chemicals are converted by aerobic bacteria into 
even simpler ones in the second compartment, which is 
referred to as the aerobic digester. comparable to the 
reticulum, omasum, and abomasum in cows' digestive 
systems, this compartment serves comparable functions. 
The oxygen-rich atmosphere of the aerobic digester is ideal 
for aerobic bacteria development. The cleansed water is 
finally filtered and separated from the solids in the clarifier 
tank. The sediments are either subjected to further 
processing or are disposed of before the cleaned water is 
discharged back into the environment. 

B. Model Operation 

The proposed environmentally friendly sewage 
treatment facility filters wastewater using biological, 
physical, and chemical methods. To convert complex 
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organic molecules into simpler chemicals that may be 
further broken down in the aerobic digester, the plant uses 
microbes. The facility uses a closed-loop system to run, 
cycling treated water constantly through aerobic and 
anaerobic digesters until the required degree of purity is 
obtained. Filtration, sedimentation, and absorption are three 
natural processes that the facility uses to purge pollutants 
and toxins from wastewater. 

IV. METHODOLOGY 

Various parameters are used to analyze the performance of 

the proposed model, and compare it with existing 

technologies. In this section various such parameters are 

discussed. 

A. Removal Efficiency 

The levels of variables like Total Suspended Solids (TSS), 

Biological Oxygen Demand (BOD), Chemical Oxygen 

Demand (COD), Total Nitrogen (TN), and Total Phosphorus 

(TP) in influent and effluent before and after treatment in 

the plant are used to calculate removal efficiency. The 

percentage elimination efficiency for each parameter may be 

calculated using the formula below. 

 

Removal Efficiency = [(Influent Concentration - Effluent  

Concentration) / Influent Concentration] x 100                 (1) 

B.  Total Nitrogen and Phosphorous 

It establishes how much sludge was generated in the plant 

during a given period of time (daily, weekly, or monthly, for 

example). By dividing the amount or weight of newly 

produced sludge by the influent flow rate or load, we may 

get the sludge production rate. The unit is specified as kg/d. 

C. Energy Consumption 

The energy consumption can be estimated using a power 

meter , or keep track of how much fuel or electricity is used 

during a given time frame. The energy consumption rate 

may be calculated by dividing the total energy used by the 

influent flow rate or load. The energy consumption rate 

should be expressed in kWh/m3 or kWh/kgBOD. 

D. Chemical Consumption 

It is the count of the quantity of chemicals utilized at the 

facility during a predetermined time frame (daily, weekly, or 

monthly, for example). The rate of chemical consumption 

may be calculated by dividing the total amount of chemicals 

used by the influent flow rate or load. Calculations for the 

chemical consumption rate should be done in kg/m3 or g/m3 

units. 

E. Sludge Production 

It establishes the volume of sludge generated by the plant 

over a given period of time (daily, weekly, or monthly, for 

example). By dividing the amount or weight of newly 

generated sludge by the influent flow rate or load, we may 

get the sludge generation rate. In kg/d, sludge generation 

rate is specified. 

V. RESULT & DISCUSSION 

 Several studies have shown the effectiveness of eco-

friendly sewage treatment plants mimicking the waste 

treatment inside a cow's body. These plants have been found 

to remove up to 95% of the chemical oxygen demand 

(COD) and 90% of the biological oxygen demand (BOD) 

from the wastewater.   Additionally, the treatment process 

generates biogas, which can be used to generate electricity 

or heat, providing a sustainable source of energy. 

Furthermore, the use of constructed wetlands as a polishing 

stage can reduce the need for chemicals and energy, further 

enhancing the sustainability of the treatment process [21-

40]. 

 
Table 2 Performance parameters for different sewage treatment methods 

Parameter 

Proposed 

Eco-friendly 

Model 

Membrane 

Bioreactor 

Trickling 

Filter 

Constructed 

Wetlands 

Removal 

Efficiency (% 

COD) 

90-95 95-99 70-85 70-90 

Removal 

Efficiency (% 

BOD) 

85-90 90-95 70-80 60-80 

Total 

Suspended 

Solids 

<10 <5 10-30 20-50 

Total Nitrogen 20-30 <5 10-20 10-20 

Total 

Phosphorus 
2-5 <1 1-3 1-3 

 
 

   Table (2-3) presents different criteria for evaluation of the 

proposed model. With the use of these criteria, the 

effectiveness of membrane bioreactors, activated sludge, 

trickling filters, and other traditional treatment techniques 

may be contrasted with that of an ecologically friendly 

sewage treatment facility that treats waste in a way similar 

to that found in a cow's body. The precise target values for 

these components may vary depending on legal restrictions 

and the intended use of the treated water. The amount of 

energy, chemicals, and sludge utilized by an eco-friendly 

treatment facility may be less than that of a facility using 

traditional treatment techniques, but the water that is 

generated will still be of the highest caliber. 
 
 

Table 3 Performance parameters for different sewage treatment methods 

Parameter 

Proposed 

Eco-friendly 

Model 

Membrane 

Bioreactor 

Trickling 

Filter 

Constructed 

Wetlands 

Flow Rate 

(m3/day) 
100-3000 100-5000 100-5000 100-5000 

Energy 

Consumption 

(kWh/m3) 

0.5-1.5 1.5-2.5 2.5-4 0.1-0.5 

Chemical 

Consumption 

(mg/L) 

0 <1 <1 0 
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Sludge 

Production 

(kg/m3) 

0.2-0.5 0.05-0.1 0.1-0.2 0.05-0.1 

Cost (USD/m3 

treated) 
0.5-1.5 1.0-2.0 1.5-3.0 0.5-1.0 

 

 
Fig. 1 Removal Efficiency (COD) of different sewage treatment methods 

 

 
Fig. 2 Removal Efficiency (BOD) of different sewage treatment methods 

 

According to a performance comparison of environmentally 

friendly sewage treatment facilities that replicates the waste 

treatment within a cow's body and various traditional 

sewage treatment methods, the eco-friendly treatment 

strategy offers significant benefits over the traditional 

methods. First of all, compared to more traditional 

techniques like membrane bioreactors, trickling filters, and 

artificial wetlands, the environmentally friendly sewage 

treatment plant eliminates more pollutants, including BOD, 

COD, TSS, TN, and TP. Further, in Fig. (1-2) removal 

efficiency COD and BOD is presented. The proposed model 

showed promising results in both cases, it showed superior 

performance than trickling filters and constructed wetlands. 

However,  the membrane bioreactor performed a little better 

than the proposed model. 

  

 
Fig. 3 Comparative analysis of total suspended solids in different sewage 

models 

 

 
Fig. 4 Comparative analysis of total nitrogen in different sewage models 

 

 

 
Fig. 5 Comparative analysis of total phosphorus in different sewage models 
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Fig. 6 Flow rate in different sewage models 

 

 
Fig. 7 Sludge production in different sewage models 

 

  In  Fig. 3 a similar trend is observed for total suspended 

solids, where the performance of the proposed model just 

falls behind the membrane bioreactor. Further in Fig. (4-5) 

total nitrogen and total phosphorus consumption is 

presented. Since the illustrated model is an eco-friendly 

model it consumes a high amount of non-hazardous 

material, and thus consumes them in the highest amounts.  

Moreover, in Fig. (6-7) it is observed that our proposed 

model has comparatively lower sludge production as well as 

lower flow rate than the other models. The membrane 

bioreactors produced the highest amount of toxic sludge. 
 

CONCLUSION 

Sustainable development requires the promotion and 
construction of environmentally appropriate sewage 
treatment systems. By using an ecologically friendly sewage 
treatment facility, the effective conventional sewage 
treatment facilities might be efficiently replaced. In this 
paper, a novel eco-friendly sewage management system is 
proposed. The proposed system is inspired by the four 
chamber waste management in a cow. The model is 
evaluated on various parameters such as energy 
consumption, flow rate, removal efficiency, cost, and 
various other parameters. A decrease in running expenses 
due to the environmentally friendly sewage treatment 
facility producing less sludge is observed. Moreover, 
energy-efficient sewage treatment facilities use far less 

energy than traditional ones, which lowers their operating 
expenses and greenhouse gas emissions. Further, because 
the environmentally friendly sewage treatment plant does 
not require chemicals, there is less of a demand for 
chemicals, which lowers operating expenses. Finally, from 
the obtained results it can be concluded that the proposed 
model can be replicated for sewage treatment as it is 
comparatively lower in cost and its performance is at par 
with conventional methodologies.  
 

Table 4 Conclusion table  

Parameter 
Normal Sewage 

Treatment 
Eco-Friendly Treatment 

Plant 

Removal 

Efficiency 

Good, but may require 

additional treatment 
for some pollutants 

High for organic 
pollutants, but may require 

additional treatment for 

nutrients and pathogens 

Water Quality 

Good, but may require 

additional treatment 
for some parameters 

High for organic 
pollutants, but may require 

additional treatment for 

nutrients and pathogens 

Flow Rate 

High capacity, but 

may require 
significant energy 

consumption 

Moderate to high capacity 

with lower energy 

consumption 

Energy 

Consumption 

High due to 

mechanical processes 
and aeration 

Lower due to natural 

biological processes 

Chemical 
Consumption 

High due to chemical 
additives required for 

treatment 

Lower due to natural 
biological processes 

Sludge 
Production 

High due to 

mechanical processes 
and chemical 

treatment 

Lower due to natural 
biological processes 

Cost 
High capital and 
operating costs 

High capital costs but 

lower operating costs 
compared to conventional 

sewage treatment plants 
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