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Abstract

Urban wastewater combines black and gray wastewater, which can be thought of as a way to separate
and optimize its treatment. In this research, the separation and recycling of gray water treated by
photoelectrocatalytic method, to be used in irrigation of plants, etc., has been investigated. First, the gray
wastewater of a 10-unit residential building was sampled. BOD and COD concentrations were measured
by respirometry and closed reflux calorimetry, respectively. Then, the removal efficiency of
photoelectrocatalytic treatment by direct current with titanium and graphite electrodes, at two current
densities of 10 and 20 mA/cm? and at three electrode distances of 6, 12 and 15 cm, and the feasibility of
using this method from the point of view of energy consumption, was studied. Based on the results, the
optimal conditions for pollutant removal have been obtained at a current density of 20 mA/cm? and a
distance of 12 cm between the electrodes in a period of 60 minutes. With an increase in current density,
the removal efficiency increases and as the distance between the electrodes increases, the removal
efficiency experiences an increase with partial changes, but, it causes an elevation in voltage, resulting in
an augmented consumption of electrical energy. The initial pH decreased with increasing voltage and
further decreased with decreasing electrode distance. The amount of electrical energy consumed in the
photoelectrocatalytic reactor is estimated to be about 2 kwh/m?® and 11.43 kilowatts per kilogram of COD
removal. The results indicate a 64% reduction in water consumption at the site of operation, a reduction in
energy consumption in the water and wastewater distribution and treatment system, and as a result, a
reduction in CO; production. Although the possibility of using the photoelectrocatalytic system on a large
scale requires more studies, other suitable methods can be used.
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1. Introduction

The treatment and recycling of gray wastewater
in  residential complexes reduce  water
consumption and, of course, energy consumption
in urban water and wastewater treatment plants.
Approximately 2 to 4% of the total electricity
consumed in society is related to wastewater
treatment plants (Kusiak et al., 2013). The
amount of consumed energy in each treatment
plant depends on the size, technology, and quality
of the influent and effluent (Hernandez-Sancho et
al., 2011). This article investigates the effect of
gray wastewater recycling on reducing water
consumption and explores its purification
efficiency using the photoelectrocatalytic method.
Additionally, a comparison is made between
photoelectrocatalytic and aeration methods in
terms of energy consumption.

2. Methodology

First, the gray wastewater of a 10-unit residential
building was sampled and the concentration of
BOD and COD of gray wastewater was measured
by respirometry and closed reflux calorimetry
(Carranzo, 2012), respectively. Then, the removal
efficiency by photoelectrocatalytic treatment by
titanium and graphite electrodes, in two current
densities of 10 and 20 mA/cm? and three
electrode distances of 6, 12, and 15 cm from each
other were investigated. The photoelectrocatalytic
cell used in this research is according to Fig 1.
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Fig. 1. Schematic of photoelectrocatalytic
process reactor
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The contaminant removal
determined using equation 1

efficiency is

Re (%) = (CO - Ct)/C0*100 1)

In another part of the research, in order to
compare the energy consumption of two
photoelectrocatalytic and aeration methods, the
equipment components of both have been
investigated. Table 1 shows characteristics of
energy consuming equipment in the aeration
process and photoelectrocatalytic reactor.

3. Discussion and Result

According to the results, contaminant removal
efficiency increases with increasing voltage.
Additionally, the pollutants degradation rate
gradually decreases with increasing distance
between electrodes, which can be attributed to the
decrease in electric current intensity density as
the distance between electrodes increases (Biswal
et al., 2019). The optimal conditions for
contaminant removal have been achieved at a
current intensity density of 20 mA/cm? and a
distance of 12 cm between the electrodes in 60
minutes. Fig. 2 shows changes in concentration
and removal efficiency of BOD (a) and COD (b)
with changes in the anode-cathode distance at a
current intensity density of 20 mA/cm?.

pH decreased with increasing voltage and
decreased further with decreasing electrode
distance (Ebraheim et al., 2021b). The decrease in
pH values from the initial value can be attributed
to the increase in acidic products produced by the
oxidation of organic compounds (Li and Liu,
2005; Yurdakal et al., 2020). Investigating the
effect of voltage and distance between electrodes
on pH is shown in Fig. 3.

On average, 64% of the volume of household
wastewater is gray (Zamani_and Taebi, 2009),
and by treating this wastewater on-site, it is
possible to save a significant amount of water
consumption. The treatment of gray wastewater
using both aeration and photoelectrocatalytic
methods requires the consumption of electrical
energy, resulting in the production of CO,.
According to information published by the EPA,
the amount of CO; produced to supply one-
kilowatt hour of electrical energy is equal to
0.709 kg (Avert, 2018). Table 2 shows the
amount of energy consumption and consequently,
the amount of CO; production.
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Table 1. Characteristics of energy consuming equipment in the aeration
process and photoelectrocatalytic reactor

Operating time Energy consumption

Process Equipment type  Power (kW) (hour) (KWh/m?)
Aeration Blower 1 0.7 12 42
Blower 2 0.7 12
Photoelectrocatalytic UV-A lamp 0.004 24 2
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Fig. 2. Changes in concentration and removal efficiency of a) BOD and b) COD with changes in the
anode-cathode distance at a current intensity density of 20 mA/cm?
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Fig 3. Effect of voltage and change of electrode
distance on initial pH

From comparing the results of energy
consumption in biological treatment plants in the
world (Mamais et al., 2015; Siatou et al., 2020;
Yerushalmi et al., 2013; Kneppers et al., 2009;
Liu et al., 2012; Makinia and Zaborowska, 2020;
Mizuta and Shimada, 2010), it is clear that the
energy consumption of the mentioned gray
wastewater treatment package is higher than the
average energy consumption in other countries of
the world, which can be due to improper design
and problems of operation and maintenance in
this treatment. In other words, with correct and
optimal design as well as proper operation, low
amounts of electrical energy consumption can be
achieved in the biological method.
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Table 2. Energy consumption in aeration and
photoelectrocatalytic process and CO,
production rate from it

Energy
consumption COz

Process per kilogram produced
COD removal (kg)
(kW)
Aeration 16.47 11.68
Photoelectrocatalytic 11.43 8.10

4. Conclusions

The contaminant removal efficiency increases
with increasing voltage and decreases with
increasing distance between electrodes. This can
be attributed to the decrease in electric current
intensity density as the distance between
electrodes increases. The decrease in pH after
photoelectrocatalytic treatment can also be
attributed to the increase in acidic products
generated by the oxidation of organic compounds.
The results indicate a 64% reduction in water
consumption at the site of operation, a reduction
in energy consumption in the water and
wastewater distribution and treatment system, and
as a result, a reduction in CO;, production.
Although the possibility of wusing the
photoelectrocatalytic system on a large scale
requires more studies, other suitable methods can
be used.
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Fig. 1. Schematic of photoelectrocatalytic
process reactor
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Table 2. Characteristics of energy consuming equipment in the aeration process and photoelectrocatalytic reactor
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Table 3. Operating conditions and results of BOD and COD removal

Current BOD COD
Experiment intensity Electrodes Output BODs removal Output COD removal
; distance concentration ot concentration ot
No. density (cm) (mg/L) efficiency (mg/L) efficiency
(mA/cm?) J (%) J (%)
1 10 6 42 58.42 141 51.71
2 10 12 38 62.38 133 54.45
3 10 15 39 61.39 135 53.77
4 20 6 33 67.33 124 57.53
5 20 12 29 71.29 117 59.93
6 20 15 31 69.31 115 60.62
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Fig. 2. Changes in concentration and removal efficiency of a) BOD and b) COD with changes
in the anode-cathode distance at a current intensity density of 10 mA/cm?
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Fig. 3. Changes in concentration and removal efficiency of a) BOD and b) COD with changes in the

anode-cathode distance at a current intensity density of 20 mA/cm?
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Table 4. Comparison of energy consumption in biological method

Energy consumption

Row Method (KWh)
1 Biological in Nasirabad industrial park (Saghafi et al., 2016) 5.6
2 Biological (activated sludge) in Greece (Mamais et al., 2015, Siatou et al., 2020) 1.2
3 Biological (activated sludge) in Canada (Yerushalmi et al., 2013) 0.1
4 Biological (activated sludge) in Australia (Kneppers et al., 2009) 0.37
5 Biological (activated sludge) in China (Liu et al., 2012) 0.269
6 Biological (activated sludge) in the United States (Makinia and 06

Zaborowska, 2020) '
7 Biological (activated sludge) in the Japan (Mizuta and Shimada, 2010) 1.89
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Table 5. Energy consumption in aeration and photoelectrocatalytic process and CO, production rate from it

Energy consumption per

Process kilogram COD removal CO2 produced (kg)
(kW)
Aeration 16.47 11.68
Photoelectrocatalytic 11.43 8.10
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