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Abstract
Objective: The Remote Sensing (RS) technology has a significant impact on overcoming challenges of 
water and wastewater systems nowadays. This study aimed to introduce a new way for greywater treatment 
by air injection into a tank containing organic agents.

Methods: In the current study, home-produced wastewater from the kitchen, bathroom, and washing machine 
except from the toilet, was considered as graywater. Graywater (300mg/L of oxygen demand for 5 days, 
BOD5) was treated in an aerobic system controlled by RS, which consisted of sequencing batch reactors 
(SBR).

Results: The increased air volume injection into the SBR-containing graywater led to a decrease in influent 
pollution and an increase in treatment efficiency. The pollution decreasing percent was 0.12 and the 
treatment efficiency was increased to 95%.

Conclusion: The greywater irrigation is done underground and drip. As a result, with the increase in 
irrigation efficiency, the system becomes more economical. The advantages of the system are more apparent 
to consumers. In this context, it is better to conduct future research carried out by smart control systems, RS, 
networked sensors, modems, data loggers, IoT, and geodatabase intercommunication processes based on the 
GIS. The GIS can investigate the low water resources regions and dense population villages.

Keywords: graywater treatment, biological oxygen demand, remote sensing, closed loop control system 
(CLCS), geographic information system (GIS)

1 INTRODUCTION
Graywater is used for reuse in garden irrigation. 

Reusing graywater reduces the consumption of surface 

and groundwater. In the distant future, graywater will be a 
serious source of water. There are many advantages of using 
graywater. The use of graywater reduces drinking water 
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consumption for non-drinking purposes, reduces costs, and 
increases water resources for agricultural purposes. Sewage 
treatment effluent depends on the degree of purification and 
national and international standards.

Graywater reuse systems includes low-cost manual 
methods and secondary treatment methods that can remove 
oil, fats, and solids. The simplest method of irrigation is 
manual irrigation, using graywater from the reservoir,  
with a bucket, trees, and plants in compliance with health 
and hygiene indicators are irrigated manually. This 
system includes one or more sedimentation tanks, which 
remove solid and oily substances and prepare graywater 
for irrigation. These systems are completely economical. 
They are easy to maintain and require little electricity 
and chemical agents to perform operations. The system 
uses a subsurface irrigation system due to light filtration. 
Secondary filtration systems remove more oil, grease, and 
solid particles than the primary filtration system. In this 
method, an underground irrigation system and a surface 
irrigation system can be used. This system is very expensive 
due to advanced filtration and at the same time, it has 
higher maintenance costs than the primary filtration system. 
However, the advantages of this system are easy surface 
irrigation and reduction of environmental risks.

A research[1] showed graywater can be used for various 
purposes such as irrigation of crops and greenhouses, 
underground water recharge, and industrial uses for cooling 
water. it can be used for steam boilers and industrial 
process water, in pool for sailing and swimming, breeding 
aquatic animals, drinking domestic and wild animals, 
urban fountain, firefighting, toilet siphon, air conditioning, 
and direct drinking use. The lack of conventional water 
resources, including underground sources has threatened 
sustainable development in the world. The goal of experts 
is to develop and manage water resources sustainably, 
providing reliable and provide water needs for current and 
future socities. A group of researchers[2] investigated the 
type of water consumption in developed countries. They 
showed that water consumption is proportional to the 
quality of water. For this purpose, drinking water requires 
high quality sources. These researchers also emphasized on 
the other uses including agriculture, industrial and urban 
uses, and lower-quality sources. The field investigations of 
other researchers[3] refered to the cultural use of wastewater. 
They showed that although the water crisis is understood 
by people, they are reluctant to use wastewater. These 
researchers consider factors such as danger, sense of 
unsafty. They announced the use of wastewater is a serious 
subject. For the use of wastewater in the agricultural sector, 
the important question is the quality of the wastewater and 
the type of use. The wastewater can be used with treatment 
standards and criteria for irrigation.

A group of researchers, through submerged porous 

diffusers and nozzles air was entered the aeration tank. 
Microorganisms by receiving air grow quickly. These 
researchers used the computational performance of 
numerical methods and Remote Sensing (RS) for modeling 
air diffusion in wastewater transient flow. The Oxygen 
diffusion in wastewater first was conducted by Union 
Carbide Corporation[4,5].

The first Remote Sensing (RS) and radio transmission in 
water treatment systems known as the “wireless telegraph” 
was produced on June 3, 1900, providing the necessary 
components for the development of the Internet of Things (IoT).

Kevin Ashton was the first to introduce the term IoT. 
Throughout the history of the IoT, the smart cities can be 
considered one of the biggest demands in the world of IoT. 
It was in 2012 that the Swiss Federal Energy Administration 
started a pilot program called Smart City, which attempted 
to use IoT technologies to control a city. Traffic monitoring, 
weather monitoring, smart transportation, and smart parking 
were among the important features of this city[6,7].

IoT and RS technology are continually evolving and 
is a hot research topic where opportunities are infinite. 
The number of devices availing internet services is 
increasing every day and having all of them connected by 
wire or wireless[8]. IoT, as you can guess by its name, is 
the approach of converging data obtained from different 
kinds of things to any virtual platform on existing Internet 
infrastructure[9]. The concept of IoT dates back to 1982[10]. 
Later, in 1991, a contemporary vision of IoT in the form 
of ubiquitous computing was first given by Weiser[11]. 
Kevin Ashton proposed the term “Internet of Things” to 
describe a system of interconnected devices[12]. The basic 
idea of IoT is to allow autonomous exchange of useful 
information between invisibly embedded different uniquely 
identifiable real world devices around us, fueled by the 
leading technologies like radio-frequency identification 
(RFID), wireless sensor networks (WSNs) and RS which 
are sensed by the sensor devices and further processed for 
decision making, on the basis of which an automated action 
is performed[13].

Wireless Sensors Network technology and RFID 
technology when combined together opens up possibilities 
for even more smart devices, for which a number of 
solutions have been proposed. An example solution 
is provided by the Intel Research Labs in the form of 
Wireless Identification Sensing Platform (WISP)[14]. WISP 
is a passive wireless sensor network with built-in light, 
temperature and many other sensors[15]. most of the WSNs 
specifies the Physical and MAC layer of Low Rate Wireless 
Personal Area Networks (LR-WPANs)[16,17]. The sensors 
will be able to measure the light, humidity, temperature, 
moisture, and as well as it will irrigate the plants with 
graywater according to their needs[18].
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The design of weak and underdeveloped graywater 
systems causes soil to stick together and produce odors, and 
at the same time increases financial and time maintenance 
costs. To use graywater and preserve underground and surface 
water sources better and safer, reliable. It  means to reuse 
graywater in rural and urban areas should be applied[19,20]. It 
includes setting minimum standards to design, install, and 
obtain legal permits. It provides protecting communities from 
the risk of disease transmission from the graywater reuse 
system and ensuring the correct installation of the system. 
The reuse of graywater helps the environment by reducing 
water demand. However, the reuse of graywater is only one 
part of the approach to adopting a rational approach to protect 
water resources. Also, before using the use of graywater 
water-saving methods should be considered. To preserve 
drinking water, and ensure the produced graywater does not 
exceed the capacity of the installed system[21-24].

In this work, the design of the smart reuse graywater 
system for the irrigation system was evaluated. This 
work presented a new way for graywater treatment by air 
injection into a tank containing organic agents. This system 
was controlled by RS.

2 METHODS
In this work, the graywater was poured into the 

collection tank after leaving the building through the 
collection network. The tank was installed near the building 
or the irrigation area. The tank was durable, rustproof, 
corrosion-resistant, made of solid material. It was equipped 
with ventilation system. It was placed in a dry and flat 
area on a 3-inch-thick cement layer with compacted soil in 
the base. In addition, on the tank was printed its capacity 
and a warning label indicating “graywater irrigation 
system, danger, and non-drinkable”. The excess of poured 
graywater from the collection tank returned to the system 
through pipes. The air volume (m³) and efficiency (%) of 

graywater treatment were measured[25-28].

The air with 2 bar pressure was introduced into the 50L 
sequencing batch reactors (SBR) containing the greywater. 
The average amount of influent. The research focused on 
the pollution decreasing to 20mg/L for biochemical oxygen 
demand for 5 days (BOD5).

A collection tank temporarily holded a large amount of 
graywater. The filter was used to remove the particles that 
cause clogging in the irrigation system. The pump was used 
to transfer water from the collection tank to the irrigation 
system. The irrigation system was made for irrigating plants 
with graywater. The easy installation of collection system 
equipment depended on the foundation of the building. 
Generaly, If the foundation of the building is a slab type, it 
is very difficult and expensive to pass the pipes through it.

In the case of the present work, the more graywater was 
collected. It should be noted that a warning label should be 
installed on all graywater collection devices the system was 
separated from the water supply system with a certain color. 
The time to install the graywater collection system was 
during the construction of the building[29,30].

The plants and trees were at a lower height than the 
building in the present work. The  graywater irrigation 
system distributed the water to the plants by gravity. 
Otherwise, a low capacity pump was installed for the 
graywater irrigation system.

2.1 Graywater Aerobic Treatment
A Sequencing Batch Reactors (SBR) aerobic system 

was assessed for graywater reuse through RS; the SBR 
contained microorganisms and their action to produce reuse 
water was investigated (Figure 1).

2.2 Sequencing Batch Reactor (SBR)
The aeration process provided a water and air mixture 

to remove dissolved gases and oxidize dissolved metals 
such as iron, hydrogen sulphur, and organic compounds. 
In this work, the aeration process was investigated for 
the treatment of graywater. In the aeration process, an 
appropriately distributed air pump was used for graywater 
treatment and microbiological development. The air and 
water contacted together and the condition of interaction 
between them determines the efficacy of aeration. Bubble 
sizing or air bubble sizing was assumed the main factor 
in the efficacy of aeration. During the aeration procedure 
through the relief nozzles, the dissolved gases were released 
from the SBR tank.

2.3 SBR Research Tools and Softwares 
The SBR of the smart graywater reuse system was 

connected by an outlet pipe to the main reservoir, which 
was equipped with RS, sensors, a modem, a data logger, 

Figure 1. Aerobic reactor for the treatment of graywater 
containing microorganisms.
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and a geodatabase intercommunication process. The 
specialist “Pressure View” analysis software (SewerCAD 
8.11, 2023, Bentley) used for the SBR can window down 
to one sample. The analogue sensor input was coupled with 
a quick fit connector (0-35 bar and ±0.25% accuracy) that 
recorded up to 8,000,000 readings. The logging memory 
was programmed to read continuously (cyclic mode), and 
for some features, at a specific time (block). The frequency 
of the samples per second was 1, 5, 10, 20, and 25. Logger 
ID had up to 8 alphanumeric characters. 

2.4 Formulation
The enrichment of microorganisms from graywater 

was carried out. After the mentioned systems were set up 
and adapted to desired conditions, the effect on the amount 
of biochemical oxygen demand for 5 days (BOD5) was 
investigated after adjusting different parameters in the 
system. Microorganisms’ activity results in O2 consumption 
and CO2 release in an SBR system. The Equations (1-7) 
correspond to an anaerobic-aerobic activated sludge system 
and aeration tank.

where: V, Aeration Tank volume (m3); LO, Total influent 
pollution (kg – BOD5); BV, Tank volume rate (kg – BOD5/
m3·day)

where: BV, Volume rate (kg – BOD5/m
3.day); MLSS, Mixed 

liquor suspended solids (kg); MLVSS, Mixed liquor volatile 
suspended solids (kg – BOD5/day) 

where: V, Aeration Tank volume (m3); Rt, Detention time (h); 
Q, Influent flow rate (m3/h)

The microorganisms feed either by organic material 
in wastewater or other microorganisms. In balancing 
conditions, the high return sludge and high MLSS are 
derived. The ratio of RS per max influent becomes 100% 
and can be achieved from Equation (4):

When the Sludge volume index (S.V.I.) becomes more 
than 200, there appears a problem in the treatment process 
because fails the sedimentation. Decreasing the S.V.I. 
decreases the aeration time. The amount of surplus sludge 
that must be removed from the settling tank is related to 
BOD5 of the influent to the aeration tank and settling tank 
outputs.

A portion of absorbed pure oxygen spent informs of 
energy consumption and multiplying of bacteria. The other 
part of O2 is spent for the oxidation of organic carbonate and 

organic nitrogenous material.

2.5. Statistical Analyses
The regression analysis was included the scatter diagram 

and curve fitting for the air volume (m³) injection to the 
SBR tank. The efficiency (%) of pollution (g BOD/day) 
decreasing in tapered aeration of graywater treatment 
showed a good correlation between the data of the 
dependent variables and the independent variable.

Y=f(y)
In the first case: 
Dependent variable (y): Efficiency (%)
Independent variable (x): Air volume (m3)

In the second case: 
Dependent variable (y): Efficiency (%)
Independent variable (x): pollution (gBOD/day)

3 RESULTS AND DISCUSSION
3.1 The Pollution Decreasing Calculation

In this work, 2 bar pressure air was introduced into the 
50L SBR tank of graywater. By submerged porous diffusers 
and by nozzles, air was entered into the aeration tank. Then 
microorganisms by receiving air grew quickly. Max influent 
factor was 1.71 (per 14 hours); BOD5 was 60 g/person-day; 
Wastewater temperature was 20◦C; Influent production per 
person=150L/d.

The research approach focused on the pollution 
decreasing to 20 mg/L for BOD5.

The Max influent Qd
m =20mg/L×40=8m3/d =0.16L/sec

The total amount of Influent pollution=2.4kg/p-day
Average amount of influent pollution= 2.4 /8=0.3kg/

m3=300mg/L
Rt= V/Q = Tank Volume / influent flow rate, 

Rt=50/2.4=20.83h
Pollution decreasing percent =2.4/20=0.12
Average amount of influent pollution: (Per24 hours) = 

0.264×8=4.22kg BOD/d

The miscible wastewater interpenetration with air 
happens when they move themselves in the SBR aeration 
tank. In this work, fluid parameters including velocity, 
pressure, temperature, and the other properties in the SBR 
aeration tank were homogeneous. The changes in the 
behavior of the wastewater fluids flow and its effect on pure 
Oxygen penetration in wastewater flow were investigated.

Aeration Tank Volume=50m3

Detention time: Rt =V/Q=50/12=17h
Theoretical required volume: V=Lo/BV =2.4/0.5=4.8m3

Theoretical detention time: Rt =V/Q=4.8/12=0.4h
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The curves of pollution, air volume and air volume 
efficiency (Figures 2-4) that in the graywater treatment 
process, the increase in air volume led to a decrease in 
influent pollution and an increase in treatment efficiency 
(Tables 1-3).

Air was diffused in the activated sludge wastewater 
treatment process into the aeration tank. This method 
needed low detention time and low structural space for 
wastewater treatment plants. In model studies of prototype 
problems, the similarity law for flow in pumping is 
generally valid for one-phase flow.

3.2. The Greywater Pollution Decreased in the Aerobic 
SBR Tank

In the first case, the dependent variable was efficiency, 
and the independent variable was air volume (Figure 2A). 
The exponential Equation (8) adequately correlated because 
the efficiency (%) of pollution (gBOD/day) and the air 
volume (m³) injection into the aerobic SBR tank decreased 
in the greywater tapered aeration method applied in the 
current study (Figure 2A, Table 2).

Similarly, the logarithmic Equation (9) adequately 
correlated because the air volume (m³) injection into the 

Figure 2. Variatoin of air volume (m³) and efficiency (%)/Pollution (gBOD/day) in greywater treatment. A: Scatter diagram 
for air volume (m³) and efficiency (%) of graywater treatment; B: Scatter diagram for air volume (m³) and Pollution (gBOD/day) of 
graywater treatment.

A B

Figure 3. Charts for air volume (m³) and efficiency (%) of graywater treatment. A: Bar chart; B: 3D chart.

A B

aerobic SBR tank and the pollution (gBOD/day) decreased 
in the graywater tapered aeration treatment (Figure 2B, 
Table 3).

To test the pressure control system, a pressure relief 
valve was installed in the area, and consumption was 
regulated using pressure control. Tables 1 and 2 show 
the changes in the flow rate entering the network before 
and after the operation of the pressure control project, as 
measured by the remote reading flowmeters, in terms of 
volume and percentage of water saved.

3.3. The Pollution Was Decreased by the Increase in 
Graywater Treatment Efficiency

In the current study, the high-speed treatment of the 
wastewater fluids was achieved as a combination of the 
diffusing process and the remixing process. As the injection 
of air volume increased into the SBR system, the efficiency 
(%) of graywater treatment was differently affected (Figure 3), 
and the pollution decreased (represented as BOD5) and the 
pollution decreasing to 20 mg/L for BOD5 (Figure 4).

3.4 Pump and Greywater
The suitable pump was chosen based on the required 

head, distance of the farthest point from the tank to be 
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Table 1. The List of Calculation Results

Parameters Calculation Value

The Max influent 0.16L/sec

Total (average) amount of 
influent pollution

2.4kg/p-d

Pollution decreasing per cent 
(amount)

0.12

Detention time 17h

Theoretical required volume 4.8m3

Theoretical detention time 0.4h

irrigated, and maximum production of greywater discharge, 
according to Asli et al. (2021)[31].

4 DISCUSSION
The present work, was carried out using remote sensing 

as a smart control system, together with networked 
sensors, modem, and data logger based on the geographic 
information system (GIS). The GIS can detect regions 
with low water resources, villages with dense populations. 
The GIS  find the regions with both dense populations 
and low water resources, which makes possible the reuse 
of wastewater by remote sensing. The implementation of 
remote sensing and GIS together allows for querying and 
intercommunicating big data. The GIS can deliver results 

of overlapping big data up to seconds for analysis and make 
decisions to investigate the low water resources regions[31].

Graywater underground irrigation was used to prevent 
water loss through wind, evaporation, and runoff. This 
strategy was designed to reduce human contact and 
associated risks to public health. In this work, the soil 
structure was strengthened by adding suitable soils, 
allowing graywater to remain in the plant roots with 
the concrete base. Underground drip irrigation and 
tiny filters were considered while watering plants with 
graywater[32].

4.1 Graywater Reuse Control System
In the present work for the wastewater reuse system 

control, the data collected by the sensors coincided with 
the set control parameters. The air pump was turned on 
and off at the appropriate times. The influent flow rate of 
wastewater and air injection flow rate was regulated by the 
operation of the actuator and solenoid valve on pumps. The 
irrigation rate through graywater was controlled by a BOD 
meter and PH controller both installed on the discharge line 
of SBR (Figure 5).

The GIS-compliant work that Akbari et al.[33] carried out 
revealed that providing decision-makers with a wealth of 
information allows them to make more effective decisions 
in any situation, such as traffic restrictions, warning 
vulnerable people about hazardous times and locations, 
and protecting public health. Based on the recommended 
system’s framework[34].

Figure 4. The graywater irrigation system distribution.

Table 2. Comparison of Different Methods for Wastewater Treatment

Method Pollution
(kg BOD/day) Sludge Solid

Weight
Return
Sludge

Air Volume 
(m³)

Efficiency
(%)

Extended Aeration 0.1-0.4 0.5-0.15 3-6 50-150 90-125 75 -95

Conventional 0.3-0.6 0.2-0.4 1.5-3 15-50 45-90 85 -95

Tapered Aeration 0.3-0.6 0.2-0.4 1.5-3 15-50 45-90 85 -95

Step Aeration 0.6-1 0.2-0.4 2-3.5 20–75 45-90 85 -95

Contact Stabilization A.S. 0-0.2 0.2-0.4 2-5 25-100 45-90 80 -90

Two stages 1.6-6 0.4-1.5 3-6 100-500 25-90 75 -90

Table 3. Tapered Aeration of Greywater Treatment

Pollution (gBOD/day) Air volume (m³) Efficiency (%)

300 45 85

320 91 86

400 93 88

470 95 90

490 97 92

500 90 95

510 119 87

530 121 88

560 123 90

580 124 92

600 125 95
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Figure 5. Closed loop control system (CLCS) for graywater reuse through remote sensing.

Honarbakhsh et al.[34] used a GIS-based approach with 
the GWQI to analyze groundwater quality in Marvdasht, 
a city located in the semi-arid region of Iran during 2010–
2015. The results of the present work showed that despite 
the high concentration of indicator microorganisms in the 
wastewater, a low concentration of pathogens was found 
in the wastewater. This may be due to the removal of this 
microorganism during the wastewater treatment process. 
There are several cases where pathogens have been present 
in reclaimed water distribution systems in the absence of 
indicator organisms[35]. Jjemba et al.[36] investigated the 
effect of residence time of reclaimed water in distribution 
systems on water microbial quality over a 15-month 
period at two wastewater reclamation facilities in southern 
Arizona. The results of their study showed that pathogens 
existed alternately in both systems[35]. The results of Jjemba 
et al.’s study[36] on the regrowth of pathogens in reclaimed 
water distribution systems were also similar to the results 
of Ajibode et al.’s study[35]. They suggested the need to 
develop better management operations of reclaimed water 
to control bacterial regrowth and reduce water quality 
before consumption and develop new indicators of water-
based pathogens[36].

The results of Blanky et al.’s study[37] showed that the 
concentration of pathogens in graywater samples decreased 
in summer. They attributed the seasonal changes in 
concentration to increased competition between bacteria 
during hot seasons. The results showed that reducing 
the frequency of detection of pathogens in sewage in 
the summer, a period when irrigation is widely carried 
out, makes the reuse of treated sewage relatively safe for 
irrigation.

5 CONCLUSION
The reuse of graywater helps the environment's 

sustainable development. However, the reuse of graywater 
is only one part of the approach to adopting a rational 
approach to protect water resources. The important aim 

of this work was to decrease pollution due to wastewater 
by RS, sensors, modem, data logger, and geodatabase 
intercommunication for reuse of the graywater process. 
The results showed the pollution decreasing to 20mg/L 
for BOD5. More air volume (m³) injection into the SBR 
system led to more reduction of pollution (g BOD/day) 
through the graywater reuse process. More air volume (m³) 
injection into the SBR system also led to more efficiency in 
the graywater reuse process. The outputs, applications, and 
main topics in the findings of this work were as follows:

(1) the graywater reuse is the cheapest method, and was 
recommended in low-water areas.

(2) According to the type of village, graywater can be 
used. In sparsely populated villages, graywater can be 
easily purified in each house using a plastic barrel. Filtered 
graywater is used to irrigate the garden of that house. In 
densely populated villages, by collecting graywater from 
houses and purifying it, it can be used to irrigate gardens.

(3) There is no need for complex and expensive systems 
to treat greywater. SH2 gas is produced very little in the 
graywater collection pipes, as a result of the use of graywater. 
When using graywater, due to the low concentration of 
organic substances, the pipes do not get clogged. The 
graywater reuse system can be smartly corroded by RS, 
sensors, modem, and data logger.

The practical implications of wastewater interpenetration 
with air may be a problems. When pump stations operate 
in the zone of cavitation, air bubbles or oxygen will flow 
through the pump resulting in a two-phase flow downstream 
of the fluid system. Though aeration devices may be used to 
minimize the air content, some air will remain in the fluid 
system. Since it is almost impossible to predict the quantity 
of air getting through the pump and remaining downstream 
of the system, systematic analysis has to be carried out. 
Due to study limitations and environmental considerations, 
graywater irrigation is done underground and drip. As a 
result, with the increase in irrigation efficiency, the system 
becomes more economical. The advantages of the system 
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are more apparent to consumers. In this context, it is better 
to conduct future research carried out by smart control 
systems, RS, networked sensors, modems, data loggers, 
IoT, and geodatabase intercommunication processes based 
on the GIS. The GIS can investigate the low water resources 
regions and dense population villages. It needs a special 
hardware infrastructure to work perpetually online, which 
for the entire villages, has been proposed to be established 
in future.
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