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Abstract. The escalating global demand for water and the increasing need
for sustainable wastewater treatment systems have spurred innovative
approaches. This paper proposes an integrated renewable energy-based
wastewater management system that harnesses solar and wind energy to
power the treatment process. Renewable energy sources are aimed at
reducing wastewater treatment's environmental impact while promoting
energy efficiency. This study outlines the methodology, presents results,
and discusses the implications of the proposed system.

1 Introduction

This study presents an original approach to addressing the increasing pressure on water
resources and the need for environmentally friendly wastewater treatment solutions. This
study also introduces a novel wastewater treatment system, and it is important to note that
the concepts and methodologies outlined herein are the result of original research and
innovation. Conventional wastewater treatment processes often rely on non-renewable
energy sources, contributing to the carbon footprint and escalating operational costs. In
response to this challenge, our research endeavours to integrate renewable energy sources,
specifically solar and wind power, into the wastewater treatment process. And Studies on
[1] & [3] have highlighted the major role played by solar energy usage.

The primary objective of this study is to design and implement a wastewater management
system that not only treats sewage efficiently but also minimizes its environmental impact
through the utilization of renewable energy. By employing solar panels and windmills, we
aim to power key components of the treatment process, including the raw effluent pump for
transporting wastewater from the collection tank to the anaerobic digester and the rotational
mechanism of the Rotating Biological Contactor (RBC). The surplus energy generated
during periods of high solar and wind activity is intelligently diverted to a battery storage
system, providing a reliable power source during low energy production periods, such as
night-time.
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2 Method of sewage water treatment

In this study, an innovative wastewater treatment process is proposed, starting with an
anaerobic digestion phase. The biological treatment occurs within the anaerobic digester
using collected sewage wastewater. Microorganisms break down organic matter in the
absence of oxygen, producing some amount of methane, H2S, SOX, and NOX during the
treatment process.

Following anaerobic digestion, the partially treated effluent is directed to the Rotating
Biological Contactor (RBC). The RBC consists of rotating discs that facilitate the growth of
aerobic microorganisms, further breaking down remaining organic compounds. Unlike
traditional RBC systems, our innovative approach utilizes wind energy to drive the rotation
of the discs directly. A series of bevel gears and mechanical linkages ensure a seamless and
efficient transfer of mechanical energy from windmills to the RBC, eliminating the need for
electrical conversion. Also, using current from the solar system to rotate the shaft of RBCs
using the motor connected at other end of the shaft which is away from the windmill side
which is used to rotate the shaft if there is no energy produced by the windmills.

The sludge generated during the wastewater treatment process is collected daily from the
bottom of the anaerobic digester, RBCs, and settling tank. This sludge undergoes further
treatment in a sludge drying bed, where moisture is removed, resulting in a nutrient-rich
dried sludge. This dried sludge serves as valuable manure, closing the loop of resource
recovery within the system.

After settling in the tank, the treated water, although significantly improved, may still
contain suspended solids. To remove these suspended solids, the water undergoes a final
treatment stage using semi-rapid sand filters. These filters effectively remove residual
suspended solids, ensuring the quality of the treated water.

The entire system is monitored and controlled using microcontrollers. These devices
regulate the speed of motors, manage energy distribution, and monitor the level in the
collection tank. The microcontrollers play a crucial role in optimizing the efficiency of the
wastewater treatment process, ensuring that energy is utilized judiciously and the system
operates at peak performance.

3 Methodology
3.1 Explanation

Our proposed system begins with the collection of sewage wastewater in a collection tank,
where the initial separation of solids occurs. The wastewater then enters the anaerobic
digester for biological treatment, which breakdown the organic compound. This partially
treated effluent is directed to the Rotating Biological Contactor (RBC), which, unlike
traditional systems, is powered by wind energy using a system of Bevel gears and solar
energy using a DC motor. Simultaneously, solar panels generate electrical energy, which is
directly used to power the raw effluent pump for transporting wastewater to the anaerobic
digester. Excess electrical energy from the solar panels is intelligently directed to a battery
storage system, ensuring a consistent power supply during periods of low solar activity,
such as night-time. Microcontrollers play a pivotal role in regulating motor speeds,
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controlling energy distribution, and monitoring the level in the collection tank. This
intelligent control enhances the overall efficiency of the system by adapting to varying
energy inputs and optimizing resource utilization.
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Fig. 4. Flowchart of Sewage Water Treatment

4 Discussion

The integrated renewable energy-based wastewater management system stands as a
testament to its environmental sustainability and treatment efficiency. A distinctive feature
of this approach lies in the direct utilization of solar and wind energy within the Rotating
Biological Contactor (RBC), circumventing the need for electrical conversion and marking
itself as an original and highly efficient solution. In the realm of energy generation and
storage, the system achieves optimal electrical energy generation through solar panels,
coupled with intelligent storage in a battery system to ensure a continuous power supply.
Notably, an original innovation within this framework involves the utilization of stored
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energy specifically for lighting during night-time, addressing the challenges posed by
intermittent renewable energy sources.

Microcontrollers assume a pivotal role in the seamless operation of the wastewater
treatment process, facilitating adaptive energy utilization. The incorporation of
microcontrollers for real-time monitoring and motor speed control constitutes an original
system control feature, contributing significantly to the overall energy efficiency of the
system. In the domain of sludge management and resource recovery, the system employs a
sludge drying bed that effectively transforms sludge into nutrient-rich dried sludge suitable
for agricultural use. This integration of a sludge drying bed as a resource recovery loop
stands out as an original and sustainable solution.

The final treatment stage of the system involves semi-rapid sand filters, which exhibit
proficiency in removing suspended solids, ultimately yielding high-quality treated water.
An original contribution within this phase lies in the high efficiency of the semi-rapid sand
filters, ensuring the suitability of the treated water for various non-potable purposes. In
essence, each facet of this integrated wastewater management system showcases not only
efficiency but also originality in its approach, innovation, system control, and resource
recovery, underscoring its comprehensive and sustainable impact.

5 Result

The wastewater management system is comprehensively assessed through various phases,
starting with the Anaerobic Digestion Phase. This phase involves the analysis of initial
sewage characteristics, including COD, BOD, and suspended solids, prior to anaerobic
digestion. Additionally, the phase monitors the production of methane, H2S, SOX, and
NOX during anaerobic digestion while identifying and quantifying residual organic
compounds in the effluent.

Moving to the Rotating Biological Contactor (RBC) phase, the study delves into the impact
of wind energy on RBC disc rotation, evaluating the efficiency and reliability of solar-
powered shaft rotation, and assessing the mechanical energy transfer efficiency through
mechanical linkages and bevel gears.

The Sludge Management phase involves the daily monitoring of sludge collection in terms
of quantity and characteristics. Furthermore, the efficiency of the sludge drying bed in
producing nutrient-rich dried sludge is thoroughly assessed.

The Final Treatment Stage focuses on the efficiency of semi-rapid sand filters in removing
residual suspended solids and evaluates the quality of treated water after the final treatment
stage.

Energy Distribution and Storage play a critical role in the system. The solar panel energy
generation, including production and variability, is documented. Wind energy variability
and its impact on system performance are studied, alongside an evaluation of the
effectiveness of the battery storage system.

The Microcontroller System, integral to adaptive energy utilization, is investigated for its
role in motor speed regulation and its impact on energy efficiency. Real-time monitoring of
energy distribution and consumption provides insights into energy utilization optimization.
Altogether, this multifaceted assessment underscores the system's thorough examination,
ensuring a holistic understanding of its performance across various crucial parameters.
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6 Conclusion

In conclusion, our integrated renewable energy-based wastewater management system
presents a holistic and sustainable approach to sewage treatment. The incorporation of
direct wind and solar energy utilization in the RBC, solar power integration, and intelligent
control through microcontrollers collectively contribute to an energy-efficient and
environmentally friendly system.

The successful implementation of this system not only reduces the reliance on conventional
energy sources but also addresses the challenges associated with weather dependent energy
production. The closed-loop resource recovery, where sludge is transformed into valuable
manure, further underscores the sustainable nature of the proposed wastewater treatment
process.

While the system has demonstrated promising results, ongoing monitoring and optimization
are essential to address any potential challenges and further enhance its performance.
Future research endeavours could explore scalability, adaptability to different
environmental conditions, and potential applications in various geographical regions.

In summary, our proposed integrated renewable energy-based wastewater management
system marks a significant step towards achieving sustainable and efficient wastewater
treatment practices, contributing to the broader goal of environmental conservation and
resource optimization.
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