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1.Introduction
In today’s world, with the population growth and rapid urbanization, the pressure on water resources has
significantly increased. One of the most important challenges that modern societies face is the management of
water resources, particularly the treatment and reuse of greywater. Greywater refers to water that is produced
from daily activities such as washing, bathing, and dishwashing, and it has less pollution compared to black
water (sewage) [1]. If treated properly, this type of water can be utilized as a valuable resource for non-potable
uses such as irrigation, cleaning, and even supplying water for cooling systems. Greywater is defined as
wastewater without any input from toilets, meaning it is similar to the wastewater generated from bathtubs,
showers, sinks, and washing machines in homes, office buildings, schools, etc. The total proportion of
greywater accounts for about 75% of the total composite residential wastewater. The characteristics of
greywater vary regionally and over time. Three important factors influence the composition of greywater: the
quality of the supplied water (water supply), the system composition that conveys greywater and drinking
water, and the activities performed at home. The potential for reusing this amount of wastewater has received
special attention [2]. Treated greywater can be used in various activities such as toilet flushing, garden
watering, and recreational irrigation. Typically, simple treatment systems such as filtration or sedimentation
and sand flotation are used for landscape irrigation to prevent clogging and blocking of the distribution system
[3-4]. If treated water is used in the home, for example, for flushing toilets, a more complex design is required.
An additional disinfection stage is added to eliminate microbial contaminants because the potential for human
contact significantly increases in these applications. The treatment of greywater using SBR (Sequencing Batch
Reactor) goes a step further, producing acceptable hygiene water on a very small footprint. Biological
treatment of greywater is a process that utilizes microorganisms and natural systems to reduce the contaminants
present in this type of water and makes it ready for reuse. This method not only helps conserve water resources
but also reduces the burden on sewage systems and prevents environmental pollution. Given climate change
and its effects on water resources, biological treatment of greywater is presented as a sustainable and efficient
solution for water management. Climate change has led to conditions such as frequent droughts, reduced
rainfall, and increased temperatures, all of which impact access to water resources. In these circumstances, the
treatment and reuse of greywater is proposed as a key strategy to tackle the water crisis and mitigate the
negative effects of climate change. This article will examine the techniques and methods of biological
treatment of greywater, its challenges and opportunities, as well as successful examples in this field. Our goal
is to show how, by employing sustainable and innovative technologies, greywater can be harnessed as a
valuable resource while also aiding in environmental conservation and addressing climate change. Looking to
the future, biological treatment of greywater is not only a necessity but also an opportunity to create more
sustainable and resilient communities in the face of environmental challenges. Thus, there is an increasing
need for greater attention to this issue and to raise public awareness about its importance [5-7]. Biological
treatment is a natural process in which microorganisms (such as bacteria, fungi, and algae) help to degrade and
remove pollutants and organic materials present in water or wastewater. This method has gained considerable
attention due to its use of natural processes and low costs compared to chemical and physical methods. Next,
we will explore the fundamentals of biological treatment.

2.Research Method
This research is qualitative in nature and aims to examine and analyze sustainable solutions for the biological
treatment of greywater in the face of climate change. The qualitative method allows us to delve deeper into the
subject and explore experiences, opinions, and challenges related to greywater treatment from various
perspectives. For this research, several case studies of successful greywater biological treatment projects in
different regions will be utilized. These examples may include:
Local Projects: Such as greywater treatment systems in small communities facing challenges from climate
change.
Industrial Projects: Such as factories or commercial centers that use innovative biological treatment techniques
to manage their greywater.
Research Projects: Such as academic studies or research focused on exploring and developing new methods
for greywater treatment.
Then, reports, scientific articles, and documents related to greywater biological treatment projects and their
impact on climate change will be examined. This analysis will involve identifying patterns, themes, and
relationships in the data to extract results and practical recommendations. Ultimately, this research is expected
to lead to the identification of effective and sustainable solutions for the biological treatment of greywater that
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can be employed to address climate change. Additionally, this study may contribute to the development of
policies and management programs in the field of water resource management.

3.Foundations of Biological Treatment
1.3. Greywater
Greywater refers to the wastewater generated from sinks, showers, washing machines, and kitchens, which has
been separated at the source from toilet and sewage wastewater. In one classification, wastewater coming from
showers and sinks is referred to as light greywater, while wastewater from kitchens and washing machines,
which has lower pollution levels compared to black water, is also called greywater [8].
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Figure 1: Mechanism of Greywater Production

2.3. Biological Treatment Process
Biological treatment is a natural process that helps preserve the environment. This method typically has lower
operational costs compared to chemical methods. Biological treatment is an effective and sustainable solution
for managing greywater, as it utilizes natural processes to recover water resources. Given the challenges in
managing water resources, this method not only aids in environmental conservation [9] but also contributes to
providing water for non-potable uses. Biological treatment usually occurs in several stages:

- Preparation Stage: In this stage, greywater is collected and separated from large particles and suspended
materials [10]. This may involve filtration or sedimentation.

- Biological Decomposition Stage: During this stage, microorganisms break down organic materials and
pollutants. This process may occur in two forms:

- Aerobic Treatment: Oxygen is added to the environment, and aerobic bacteria decompose organic materials,
producing carbon dioxide and water [11].

- Anaerobic Treatment: In this case, there is no oxygen, and anaerobic bacteria break down organic materials,
producing methane and other by-products.

- Separation Stage: After decomposition, by-products and microorganisms must be separated from the treated
water. This is usually accomplished using sedimentation or filtration.

3.3. Types of Biological Treatment Systems
- Biofilm Reactors: In these systems, microorganisms grow on solid substrates (such as stone or plastic) and
help decompose pollutants [12].
- Suspended Reactors: In this type of system, microorganisms operate in suspension within the water and break
down organic materials.
- Aeration Ponds: Ponds where greywater is supplied with air for treatment by microorganisms.

3.4. Advantages of Biological Treatment

Biological treatment is not only economically viable but also contributes to environmental protection by
reducing pollution and conserving natural resources. This method holds special significance as an effective
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solution for managing water and wastewater resources [13]. Biological treatment has numerous economic and
environmental benefits as a method for managing wastewater and contaminated water. Some of these
advantages are outlined below:

Table 1: Advantages of Biological Treatment

Economic Advantages Environmental Advantages
Biological treatment typically incurs
Reduced lower costs compared to chemical Pollution Biological treatment helps reduce pollution
Operating | and physical methods since it . in surface and groundwater, minimizing
. . Reduction .
Costs requires fewer chemicals and negative effects on ecosystems.
complex equipment.
By treating greywater, it can be used
for non-potable purposes (such as | Conservation . .
Water Jor hon-p _ PUTPOSES ( . By recovering and reusing water, pressure
irrigation, washing, and industries), | of = Natural . )
Reuse : on natural water resources is alleviated.
which helps reduce the demand for | Resources
fresh water sources.
Reduced . Reduction of | Biological treatment can help decrease
By decreasing the volume and - .

Sewage . . Greenhouse greenhouse gas emissions resulting from the
. pollutant load, costs associated with o . . .
Disposal sewace disnosal are lowered Gas decomposition of organic materials in

Costs & P ) Emissions landfills.
. Biological treatment i ized
Energy Some anaerobic treatment methods . tological treatmen’ 18 Tecognized as a
. . Sustainable sustainable method that minimizes negative
Generation | can produce methane, which can be . .
. Processes environmental impacts through natural
Potential used as a renewable energy source. processes

4. Biological Treatment Techniques for Greywater

Biological treatment of greywater involves the use of natural and microbial processes to remove pollutants and
improve water quality. These processes can be carried out in several different ways, each having its own
specific advantages and applications [14]. One common approach is biological treatment systems, which
include biological reactors with either free or controlled airflow. In these systems, microorganisms assist in
breaking down organic materials. Wastewater treatment plants typically employ activated sludge methods,
where air is injected into the mixture of sewage and activated sludge .

Another widely used method is treatment utilizing plants. Constructed wetlands and aquatic plants such as
reeds and bulrushes can act as filters, providing a habitat for microorganisms in their roots that help decompose
pollutants [15-16]. Anaerobic treatment is also an efficient method, in which anaerobic reactors operate
without the need for oxygen, decomposing organic materials into methane gas and other by-products.
Additionally, combined processes, which

incorporate various (biological and chemical) methods, can enhance water quality .

Biological filters consist of layers of natural materials where microorganisms reside and assist in decomposing
pollutants [17]. Some bacteria and fungi have high capabilities for breaking down pollutants and can be utilized
in the greywater treatment process. Finally, nanotechnology is being developed as a novel method for
greywater treatment, which has great potential by using nanoparticles to adsorb and degrade pollutants.
Overall, the selection of the most suitable treatment method depends on the type of pollutants, local conditions,
and specific needs of each region. Utilizing various biological treatment techniques can help improve water
quality, reduce pollution, and conserve water resources [18].

5. Case Study Review

There are successful examples of greywater treatment around the world that have helped improve water quality
and promote reuse. Below are some of these examples:
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Table 2- case study review
Name Use Objective i

This project involves the use of
greywater treatment systems in

"WaterSmart" Project homes to reduce water

. . Local . .

in Australia consumption and reuse it for
irrigating gardens and washing
cars.

The Netherlands uses
constructed  wetlands for

Constructed Wetlands Industrial greywater treatment. These
in the Netherlands systems aid in natural water
purification using plants and
microorganisms. o

Figure 3: Constructed Wetlands in the
Netherlands

Singapore has implemented
advanced greywater treatment
Industrial | systems in new buildings to
recover water for non-potable
uses.

Treatment Systems in
Singapore

Figure 4: Treatment Systems in Singapore

Some buildings in Germany use
green roofs and greywater
Local treatment systems to collect and
purify rainwater and greywater
for irrigation and other uses.

"Green Roofs" Project
in Germany

This project involves the use of
biological treatment systems
"Living Machine" utilizing plants and
Project in the United | Research | microorganisms for greywater
States treatment, recognized as a
sustainable model for water
purification. 4
Figure 6: "Living Machine" Project in the
United States

6. Strategies for Improving Biological Treatment Quality
Improving biological treatment through technological innovations can be achieved in various ways. One
effective approach is the use of nanotechnology, which can enhance the efficiency of microorganisms in
absorbing and decomposing pollutants, thereby increasing the speed of the treatment process. Additionally,
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modeling and computer simulations can predict the behavior of microorganisms and chemical reactions, aiding
in the optimization of processes. Implementing smart systems and the Internet of Things (IoT) in the treatment
process can provide better monitoring and control of environmental conditions and system efficiency.
Designing new bioreactors with advanced technologies, such as membrane bioreactors, can also enhance
efficiency and reduce costs in biological treatment [19].

Using genetically engineered microorganisms to boost their ability to decompose pollutants can lead to
improvements in treatment efficiency. Moreover, new techniques such as bioprocessing and bioconversion can
transform pollutants into useful materials, contributing to a more sustainable approach to biological treatment.
Furthermore, developing technologies for water recycling and its reuse in various industries can alleviate
pressure on treatment systems. Finally, raising public awareness about the importance of biological treatment
and new innovations can support research and development projects [20-21]. Overall, these strategies can lead
to improved efficiency, reduced costs, and increased sustainability in biological treatment processes .

Table 3: Effective Strategies for Improving Biological Treatment Efficiency

Strategy Description

Use of | Nanomaterials can help improve the efficiency of microorganisms in biological treatment by

Nanotechnology | aiding in pollutant absorption and decomposition, thereby increasing the speed of the treatment
process

Smart Systems | Implementing sensors and smart devices in the treatment process can provide better monitoring

and IoT and control over environmental conditions and system efficiency. This data can be utilized for
process optimization

New Designing new bioreactors with advanced technologies, such as membrane bioreactors, can

Bioreactors and | enhance efficiency and reduce costs in biological treatment

Systems

Advanced Utilizing new techniques such as bioprocessing and bioconversion to transform pollutants into

Biological useful materials can lead to a more sustainable approach to biological treatment

Decomposition

Technologies

Resource Developing technologies for water recycling and its reuse across various industries can reduce

Management pressure on treatment systems

and Water

Recycling

Education and | Raising public awareness about the importance of biological treatment and new innovations can

Public support research and development projects

Awareness
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7. Conclusion
Biological treatment of gray water serves as a sustainable and innovative solution, playing a vital role in
water resource management and addressing the challenges posed by climate change. This research
examined various

methods and techniques of biological treatment of gray water, demonstrating that this process not only
helps reduce pollution and improve water quality but can also contribute to the conservation of water
resources and enhance community resilience against climate change. Given the growing population and
increasing water demand, the need for optimal use of water resources is more pressing than ever. Biological
treatment of gray water provides the possibility for water reuse while simultaneously easing the pressure
on natural water resources. Additionally, this process can help reduce costs associated with water treatment
and distribution, ultimately leading to the sustainable development of local communities.

7.1. Recommendations

- Education and Awareness
Holding workshops and training programs for local residents and stakeholders is essential to raise
awareness about the benefits of biological treatment of gray water and how to implement it at the local
level. These trainings could include topics related to treatment techniques, water management, and
environmental conservation.

- Research and Development
Investment in research and development of innovative gray water treatment technologies should be
increased. Such research can help identify more efficient, cost-effective, and environmentally friendly
methods.

- International Collaboration
Establishing networks for international cooperation to exchange experiences and best practices in biological
treatment of gray water can help accelerate learning and innovation. These collaborations may include joint
projects, conferences, and training workshops.

- Infrastructure Development
Developing the necessary infrastructure for biological treatment of gray water in urban and rural areas
should be prioritized. This infrastructure should include systems for collecting, storing, and treating gray
water to facilitate its reuse.

- Integrated Water Resource Management
Water resource management needs to be conducted in an integrated manner. This management should
encompass all water sources, including gray water, rainwater, and groundwater, to optimize their utilization.
In light of the challenges humanity faces regarding climate change and water scarcity, biological treatment
of gray water can be an effective solution for creating a sustainable future. Adopting appropriate approaches
in this area can contribute to environmental conservation and improve the quality of life for communities.
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