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Domestic wastewater treatment by real-scale
electrocoagulation process
Serdar Koyuncu and Sema Arıman

ABSTRACT
In this study, domestic wastewaters originating from a settlement with a population of 17,500 were
treated by electrocoagulation process in a real-scale EC plant and the economic applicability of the
process was investigated. The removal efﬁciencies of control parameters in the inﬂuent and efﬂuent
of the real-scale treatment plant such as suspended solids (SS), biological oxygen demand (BOD),
chemical oxygen demand (COD), total nitrogen (TN), total phosphorus (TP) and changes of pH and
conductivity parameters were monitored for 12 months. The obtained data were evaluated
according to European Urban Wastewater Treatment Directive, Turkish Water Pollution Control

Serdar Koyuncu
Konya Metropolitan Municipality,
Konya,
Turkey
Sema Arıman (corresponding author)
Department of Meteorological Engineering,
Samsun University,
Samsun,
Turkey
E-mail: sema.ariman@samsun.edu.tr

Regulation and Turkish Urban Wastewater Treatment Regulation. According to the results obtained,
the removal efﬁciencies of the pollutant parameters were achieved in the range of 72–83% for SS,
67–80% for COD, 69–81% for BOD, 21–47% for TN and 27–46% for TP. Considering the Turkish
wastewater discharge regulations, it can be concluded that the discharge standards for SS, COD and
BOD parameters were achieved while they were not achieved in certain periods for TN and TP.
In addition, the energy consumption and the operating cost of this real-scale plant were determined
to be 0.49–0.54 kWh/m3 and 0.24–0.28 EUR/m3, respectively.
Key words

| cost evaluation, electrocoagulation, wastewater treatment

INTRODUCTION
One of the most important factors constituting environmental pollution is the discharge of wastewater to
receiving environments without any treatment. The industrial and domestic wastewaters that need treatment in
terms of human and environmental health are treated by
means of various processes. Some of these processes are
physical, chemical, biological, physicochemical, or electrochemical methods. The most important parts of the operating expenses of wastewater treatment plants are energy
and chemicals. There is an increasing tendency to consider
alternative processes where the same treatment efﬁciency
will be achieved but with low operating costs such as
energy, chemicals and personnel (Vepsalainen ).
The electrocoagulation (EC) process is one of the
alternative treatment methods which is gaining importance
for domestic wastewater treatment. In the last decades,
different wastewaters were effectively treated by EC process. Such methods have been found to be successful in
removing many contaminants from water such as lignin,
phenol, heavy metal ions and anionic dyes (Aoudj et al.
doi: 10.2166/wst.2020.128
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; Butler et al. ; Valero et al. ; Vasudevan &
Lakshmi ; Al-Shannag et al. ; El-Naas et al. ;
Mohora et al. ; Pulkka et al. ; Esfandyari et al.
; Kobya & Demirbaş ; Bibi et al. ; Naji et al.
). Especially the high efﬁciency, environmental friendliness and versatility properties of the process have led to
great progress in the removal of the bio-refractory materials
in wastewater treatment ( Juttner et al. ; Brillas et al.
). In addition, the EC processes have great contributions to reduction of the suspended solids (SS), total
dissolved solids, chemical oxygen demand (COD), and
biological oxygen demand (BOD) in the wastewater.
Especially, many previous researches have shown that the
EC method is an alternative approach for the removal of
heavy metal ions such as chromium, copper, nickel,
arsenic, zinc, manganese, mercury, cadmium, lead, silver,
iron and boron from industrial wastewater (Zaroual et al.
; Nanseu-Njiki et al. ; Akbal & Camcı ; Sridhar et al. ; Wan et al. ; Al Aji et al. ; Varank
et al. ; Al-Shannag et al. ; Bazrafshan et al. ;
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Mahmad et al. ; Bazrafshan et al. ; Hashim et al.
).
One of the main advantages of EC is avoiding the use of
chemical additives (except possible NaCl addition), which
makes the EC process a ‘green technology’. Indeed, ‘electron’ can be considered as the only ‘chemical’ and this can
prevent secondary pollution (Kuokkanen ). The EC process has also been used for the improvement of the ground
water and surface water at different locations, because of
its wide applicability ( Joffe & Knieper ). This means
ease of application, reduced sludge production, and no
need of chemicals. The EC process has been applied effectively in different water treatment problems (Rajeshwar &
Ibanez ; Aswathy et al. ; Ensanoa et al. ;
Maitlo et al. ).
The EC process is composed of a power source, an
anode and a cathode immersed in an electrolyte. When
power is applied from an external source, the anode undergoes oxidation and the cathode undergoes reduction. In this
case, the anode will be electrochemically dissolved and the
cathode will be passivated. For the adequate dissolution of
the metal electrodes, the electrodes must have large surface
area and there must be enough distance between the electrodes. In EC process, iron, stainless steel, and aluminium
electrodes are the most commonly used. These electrodes
are preferred because of their low cost, easy availability,
and proven efﬁciencies (Chen et al. ). The parameters
affecting the process efﬁciency in EC application are listed
as follows: current density, the presence of NaCl in the solution as electrolyte, conductivity electrodes, reaction period
pH, and ambient temperature.
The general mechanism of electrochemical treatment
processes includes coagulation, adsorption, absorption, precipitation, and ﬂotation processes (Ihara et al. ). The EC
process is based on the treatment of wastewater pollutants
with physicochemical processes. Treatment process is by
the integration of the oxidation, ﬂocculation, and ﬂotation
processes. In addition, because of the use of chloride salt
(NaCl) as an electrolyte, chlorine gas (Cl2) is formed at the
anode by the oxidation of chloride, and therefore if the pH
value is stabilised between 6 and 8, disinfection effect is
also observed with hypochlorous acid (HOCl) in the treated
water (Chen ; Mollah et al. ).
The EC process is extensively used for the treatment of
different waters and wastewaters and for the removal of
inorganic contaminants and pathogens. There are a
number of studies in the literature regarding the applications
of EC process for wastewater treatment either at laboratory
or in pilot scale in batch/continuous conditions (Zolotukhin
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; Calvo et al. ; Fenga et al. ; Holt et al. ;
Den & Huang ; Bukhari ; Rodrigo et al. ;
Attour et al. ; Moussa et al. ). Applications of electroﬂocculation/EC methods which are used in the
treatment of industrial wastewaters are also increasing in
the treatment of domestic wastewaters (Lacasa et al. ).
There are many laboratory- and pilot-scale studies on this
area. However, in the wastewater treatment plants
(WWTPs), it is important to determine the effects of operational parameters on treatment performance at real scale,
in order to evaluate the applicability of the process. The purpose of this study is to determine the treatment efﬁciency,
the energy consumption and operation cost of the EC process when the process is applied for a real-scale domestic
WWTP.

MATERIALS AND METHOD
Real-scale EC treatment plant
This study was carried out in a real-scale WWTP with a
capacity of 2,400 m3/day, which includes the EC process
for the treatment of domestic wastewater from a settlement
with a population of 17,500. The wastewater plant
consists of screens, equalization tank, EC reactors, ﬁltration
unit, treated wastewater tank, and ﬁlter press. The
ﬂow diagram of the wastewater treatment process is
given in Figure 1. The process was monitored by a full

Figure 1

|

Wastewater treatment plant with EC process.
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automation supervisory control and data acquisition system.
The system has instruments for measuring pH, conductivity,
ambient temperature, water levels, ﬂows, and pressure.
In the treatment plant, removal of solid material and the
physical treatment of wastewater were performed by means
of screens. In order to prevent the changes of ﬂow and to
provide steady ﬂow to the system, the wastewater was
stored in an equalization tank. NaCl was added to the wastewater before the EC reactor to achieve optimum
conductivity; then wastewater was transferred to the EC
reactor. The operating conditions of the EC reactor are
given Table 1. Iron was used as electrode material in the
EC reactor. The residence time of wastewater in the EC
reactor was 5–6 minutes. The current was between 90 and
120 A and the voltage was around 400 V. In the EC reactor,
the iron hydroxides formed as a result of the dissolution of
the iron anode cause ﬂocculation, and the hydrogen gas
bubbles formed in the cathode ﬂoat the ﬂocculated sludge.
This slurry was removed from the surface and the sludge–
liquid mixture was ﬁltered through a band ﬁlter. The ﬁltered
water was passed through sand ﬁlter and transferred to the
treated wastewater tank. The sludge cake was disposed of.

ANALYTICAL METHODS
The treatment efﬁciency of the WWTP with a real-scale EC
process has been investigated. In order to determine the
seasonal changes of the treatment efﬁciency, the treatment
plant was monitored for 12 months. During this period,
composite samples were taken every 10 days and the
basic control parameters were analysed in order to determine the raw and treated wastewater characterization
(Ministry of Environment and Forestry ). The collected
data have been evaluated for minimum, maximum, and
monthly average values and the efﬁciency of the process

Table 1

|

The operating conditions of the EC reactor

Total reactor volume

7.5 m3

Retention time

5–6 min

Electrode material

Iron

Electrode number

80

Electrode area

1.15 m2

Current density

80–102 A/m2

Applied current

90–120 A

Voltage

400 V
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was determined. During this research, the analysis methods
of the basic parameters are as follows; wastewater ﬂow
rate: ﬂowmeter with area velocity method, pH: SM 4500H B method, temperature: SM 2550 B method, conductivity: SM 2510 B method, SS: SM 2510 B method,
COD: SM 5250 C closed reﬂux method, BOD: SM 5210
B method, TN: SM 4500 NB method, TP: SM 4500 PB
method (Rice & Baird ). The analysis was repeated at
least twice and the average values were used.

RESULTS AND DISCUSSION
Evaluation of treatment efﬁciency of EC process
In this study, the changes in basic parameters such as raw
wastewater ﬂow rate, SS, BOD, COD, TN, TP, conductivity
and pH which affect the efﬁciency of the real-scale EC plant
treating domestic wastewater were monitored and efﬁciency
of EC process was determined. Analysis results of domestic
wastewater quality parameters and receiving environment
discharge limit values (Urban Wastewater Treatment Regulation ; Water Pollution Control Regulation ) are
given in Table 2. According to monthly average values, it
was determined that raw wastewater was generally dilute
wastewater having domestic properties. The temperature
of raw wastewater was around 15–24  C, which can be
accepted as the ideal values.
The raw wastewater ﬂow rate was in the range of 1,803–
2,075 m3/day with an average of 1,907 m3/day. Due to the
operation of the existing sewerage system as a combined
system, an increase in the ﬂow rate was observed in rainy
periods and in the summer months when the mobile population was the highest (Figure S1, Supplementary
Material). Because of the modular structure of the treatment
plant, the number of reactors operated also varied according
to ﬂow changes and the efﬁciency of the process was not
affected even in excess ﬂow conditions.
The pH value of raw wastewater was measured in the
range of 7.5–7.9 with an average of 7.7. Since the inﬂuent
pH values were neutral, the system was operated without
any pH adjustment. In this study no signiﬁcant pH change
was observed in the inﬂuent and efﬂuent of the EC reactor.
The pH, which is an important parameter in terms of efﬁciency in the EC process, should be in the range of 6–9
(Figure 2). Ferrous ions are only oxidized to ferric ions if
the pH is above 5 even though complete oxidation only
occurs at pH around 8–9 (Malakootian et al. ;
Vepsalainen ; Gatsios et al. ). At highly alkaline
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Analysis results of some parameters and process efﬁciency

Raw wastewater

Treated wastewater

Removal efﬁciency %

Turkish
discharge

Average

Min

Max

Average

Min

Max

Average

Min

Max

limits

1,907

1,803

2,075

–

–

–

–

–

–

–

T ( C)

20

15

24

–

–

–

–

–

–

–

pH

7.7

7.5

7.9

7.6

7.4

7.8

–

–

–

6–9a

Parameter
3

Flow (m /day)


Conductivity (μS/cm)

2,284

1,799

2,679

2,267

1,784

2,544

–

–

–

–

SS (mg/l)

158

138

244

35

29

42

78

72

83

45a

COD (mg/l)

277

194

401

74

62

123

73

67

80

140a

BOD (mg/l)

163

120

250

36

24

48

77

69

81

50a

TN (mg/l)

38.8

30.5

47.7

24.2

17.4

29.6

37

21

47

15b

TP (mg/l)

3.8

3

5.5

2.3

1.5

3.1

38

27

46

2b

a

Water Pollution Control Regulation (2008).
Urban Wastewater Treatment Regulation (2006).

b

Figure 2

|

Variation of inﬂuent and efﬂuent pH values.

pH, undesired Fe(OH)
4 forms, which is a weak coagulant
and deteriorates EC performance (Lakshmanan et al.
; Vepsalainen ). It is therefore concluded that the
optimum operating pH range of iron EC is 5–9. In electrochemical treatment systems, the wastewater should have a
certain conductivity value. In some cases, supporting electrolyte was added in order to increase the electrical
conductivity. For domestic wastewaters NaCl is generally
used as an electrolyte (Yang & Dluhy ). The electrical
conductivity was increased by adding 0.05 kg NaCl/m3 to
the wastewater. In order to provide better ﬂocculation,
0.002 kg/m3 cationic polyelectrolyte was also added to the
wastewater. During the research period, raw wastewater
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conductivity was measured between 1,799 and 2,679 μS/cm
with an average of 2,284 μS/cm, and treated wastewater
conductivity was between 1,784 and 2,544 μS/cm with an
average of 2,267 μS/cm (Figure S2, Supplementary Material).
The inﬂuent SS concentration was 158 mg/l and the
efﬂuent SS concentration was 35 mg/l on average. It is
seen that the SS value in March increased considerably
(approximately 100 mg/l) unlike the rest of the year. This
is related to the high amount of precipitation in March
2017. An increase in SS value was observed as a result of
the sweeping of SS into the sewer network. The SS removal
efﬁciency of the process was determined in the range of
72–83% with an average of 78%. The treatment plant efﬂuent
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SS concentration was found to achieve the receiving environment discharge standard (45 mg/l) speciﬁed in the Turkish
Water Pollution Control Regulation () (Figure 3).
Inﬂuent COD concentration varied between 194 and
401 mg/l and efﬂuent COD concentration varied between
62 and 123 mg/l. The COD removal efﬁciency of the process was between 67–80% and 73% on average. COD
concentration was found to achieve the receiving environment discharge standard (140 mg/l) (Water Pollution
Control Regulation ) (Figure 4). Yang et al. ()
studied EC/electroﬂotation processes and reported that
COD removal can be achieved. Ilhan et al. (), in
their research in Istanbul Yenikapi domestic WWTP,

Figure 3

|

Variation of inﬂuent and efﬂuent SS values.

Figure 4

|

Variation of inﬂuent and efﬂuent COD values.
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stated that 60% COD and 70% SS were removed from domestic wastewater by EC process with iron–iron electrodes.
In EC process, the responsible mechanism for COD
removal is adsorption of organic compounds in wastewater
by colloidal (Fe(OH)3)m or (Fe(OH)2)p adsorbents (Smoczynski et al. ). Inﬂuent BOD concentration varied
between 120 and 250 mg/l and efﬂuent BOD concentration varied between 24 and 48 mg/l as shown in
Figure 5. The BOD removal efﬁciency was in the range of
69–81% with an average of 77%. The BOD concentration
was also determined to achieve the receiving environment
discharge standard (50 mg/l) according to the Turkish
Water Pollution Control Regulation.
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Variation of inﬂuent and efﬂuent BOD values.

Inﬂuent TP concentration was between 3 and 6 mg/l
with an average of 3.8 mg/l and efﬂuent TP concentration
was between 1.5 and 3.1 mg/l with an average of 2.3 mg/l
as shown in Figure 6. The TP removal efﬁciency varied
between 27 and 46% with an average of 38%. It was
found that TP concentration exceed the discharge limit
(2 mg/l) speciﬁed in the Urban Wastewater Treatment
Regulation () according to the characteristics of the
receiving environment (sensitive, less sensitive, etc.) and
population and pollution load. As a result, discharge
limit (TP  2 mg/l) was not generally achieved for TP
during the operation period, but it was achieved when
inﬂuent TP  3 mg/l. The phosphorus is found in raw
wastewaters as organic phosphorus compounds and

Figure 6

Water Science & Technology

Variation of inﬂuent and efﬂuent TP values.
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inorganic phosphate ions. The main mechanism of the
EC process for organic phosphorus removal is the generation of metal and hydroxyl ions to form coagulant
species that can absorb and/or precipitate organic phosphorus compounds which can then be separated. The
phosphate ions can be removed from wastewater by coprecipitation with metal ions released from the electrodes
and adsorption on metal hydroxides (Pulkka et al. ;
Nguyen et al. ).
Inﬂuent TN concentration was between 31 and 48 mg/l
with an average of 38.8 mg/l and efﬂuent TN concentration
was between 17.4 and 29.6 mg/l with an average of
24.2 mg/l as shown in Figure 7. The TN removal efﬁciency
varied between 21 and 47% with an average of 37%. It
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Variation of inﬂuent and efﬂuent TN values.

was determined that the TN concentration was above
the discharge limit (15 mg/l) speciﬁed in the Urban
Wastewater Treatment Regulation () according to the
characteristics of receiving environment (sensitive, less sensitive, etc.). Nitrogen is generally found in raw wastewaters
in the form of organic nitrogen and ammonium nitrogen;
oxidized forms of nitrogen such as nitrate and nitrite generally are in negligible concentrations. The principal
mechanisms for ammonium removal are direct or indirect
oxidation of ammonium. Indirect oxidation of ammonium
requires the presence of chloride ions in wastewater, while
direct oxidation of ammonium occurs at the anode–liquid
interface (Mahvi et al. ). The removal of organic nitrogen
compounds in wastewater is regarded to be the effect of

Figure 8

Water Science & Technology

Pollutant removal efﬁciencies of the EC process.
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sweep ﬂocculation where excess micelles and sludge ﬂocs
sweep wastewater pollutants. This process appears to be a
simple surface phenomenon where wastewater pollutants
are adsorbed on the surface of colloidal micelles such as
(Fe(OH)3)m or (Fe(OH)2)p (Chen ).
In this study, EC process yielded a removal efﬁciency of
72–83% for SS, 67–80% for COD, 69–81% for BOD, 21–
47% for TN and 27–46% for TP (Figure 8). According to
the Turkish wastewater discharge regulations (Urban Wastewater Treatment Regulation ; Water Pollution Control
Regulation ), discharge limits for SS, COD, and BOD
parameters were achieved but discharge limits for TN and
TP parameters were not achieved. According to the European Urban Wastewater Treatment Directive (CEC )
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discharge requirements, the required percentage of
reduction for BOD and COD parameters (BOD 70–90%;
COD 75%) was achieved but the required percentage of
reduction for SS (90%) was not achieved with EC process.
It was also observed that the required percentage of
reduction for TN (70–80%) and TP (80%) parameters for discharge to sensitive receiving environments could not be
achieved.
The studies on the treatment of real domestic and urban
wastewater by using EC method were generally carried out
in batch system and in laboratory or pilot scale and COD,
SS, TN, TP and turbidity removals were monitored during
EC process. In this study, treatment of domestic wastewater
by EC method was performed in real-scale conditions at
Konya WWTP and removal efﬁciency of SS, COD, BOD,
TN, TP parameters were determined. As can be seen from
Table 3, COD removal efﬁciency was closer to that obtained
in laboratory-scale studies but TP removal efﬁciency was
lower than that obtained at laboratory-scale studies.

Table 3
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Energy and electrode consumption of EC process
The energy consumptions per removed pollutant (Epollutant)
and electrical energy (Cenergy) and electrode (Celectrode) consumptions were calculated according to Equations (1)–(3)
using the following formulas:
E pollutant (kWh/kg) ¼
Cenergy (kWh/m3 ) ¼
Celectrode (g) ¼

E × 1000
(Xi  Xe ) × Q × 30

(1)

i × U × 0:024
Q

(2)

i × tEC × MFe
Z×F

(3)

where Epollutant is the energy consumption per amount of
pollutant removed (kWh/kg), E is the energy consumption
(kWh/month), Xi is inﬂuent pollutant concentrations
(mg/l), Xe is efﬂuent pollutant concentration (mg/l), Q is

An overview of literature studies on domestic/municipality wastewaters by EC

Concentration mg/L
Wastewater

Parameter

Initial

Final

Process

Removal efﬁciency %

Reference

Domestic wastewater

COD
SS

260
95

75
10

EC laboratory-scale batch system
(iron electrode)

70
90

Kurt et al. ()

Real oxide-CMP
wastewater

COD
Turbidity

571
250

57
400

EC laboratory-scale batch system
(iron electrode-coagulant)

90
destabilized

Chou et al. ()

Domestic wastewater

COD
TP

128
1.02

85
0.1

EC laboratory-scale batch system
(aluminium electrode)

34
90

Rodrigo et al. ()

Urban wastewater

COD
TP

92
2.08

65
0.1

Municipal wastewater

COD
TP
TN

122
0.8
12

60
0.1
2

EC laboratory-scale (iron electrode)

60
87.5
83

Zaleschi et al.
()

Municipal wastewater

COD
TP

85
47.2

15
5

EC laboratory-scale batch system
(iron electrode)

83
89

Al-Shannag et al.
()

Municipal wastewater

TP

3

0.12

EC laboratory-scale continuous
system (iron electrode-coagulant)

95

Nguyen et al. ()

Natural municipal
wastewater

COD
TP

737
10.7

304
5.3

EC pilot scale
(aluminium electrodes)

58.7
51

Smoczynski et al.
()

Municipal wastewater

TP

5

2

EC small scale (iron electrode)

60

Mishima et al.
()

Domestic wastewater

COD
BOD
SS
TN
TP

277
163
158
38.8
3.8

74
36
35
24.2
2.3

Real-scale EC process (iron
electrode)

73
77
78
37
38

This study

CMP: chemical mechanical polishing.
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the treated efﬂuent ﬂow rate (m3/day), 30 is the number of
days in a month, 1,000 is a unit conversion factor to
obtain pollutant concentration in kg/m3, i is the current
intensity (A), U is the voltage (V), 0.024 is a unit conversion
factor to obtain electric energy in kWh/m3, tEC is the operating time (s), Z is the number of electrons transferred (ZFe ¼
2), MFe is the molecular weight of iron (g/mol) and F is Faraday’s constant (9.65 × 104 C/mol). The price of electricity in
the Turkish market was 0.110 Euro/kWh in August 2017.
Energy consumption of this real-scale plant is 0.49–
0.54 kWh/m3. Electrode consumption was calculated as
9.40–10.44 g. Table 4 shows the energy consumption per
amount of pollutant removed. The total operating costs of
the plant include energy (0.049–0.056 EUR/m3), personnel
(0.068–0.079 EUR/m3), chemicals (0.066–0.076 EUR/m3),
service/maintenance (0.024–0.028 EUR/m3) and other
expenses (0.034–0.039 EUR/m3). The operating cost is
0.24–0.28 EUR/m3.

liquid phase, stable organic and inorganic compounds are
formed. The toxic substances and heavy metals in wastewater transfer to the solid phase and become stable after
the process. EC produces much less sludge volume than
chemical coagulation and the sludge formed is more stable
and non-toxic. EC sludge is reported to be of a better quality
in terms of ﬂoc size, acid-resistance of ﬂocs and dewatering
potential than conventional chemical coagulation sludge,
making it easy to handle and process (Moussa et al. ).
It was determined that 0.6–1.2 kg sludge was produced per
cubic metre of treated wastewater with iron electrodes.
After dewatering in the band ﬁlter, sludge with solid
matter of 20–22% was produced. The dewatered sludge
was transferred to the sludge disposal facility in the central
WWTP.

Sludge formation in EC process

In this study, the treatment of domestic wastewater by EC
process has been studied on a real scale. The changes in
the characterization and their effects on the EC process
were evaluated. Since pH values were within the desired
range (6–9), pH adjustment was not required. The process
adapted to ﬂow changes since the number of reactors can
be changed according to the increase or decrease in the
ﬂow rate thanks to the modularity of the system. In order
to increase the electrical conductivity, an average of
0.05 kg NaCl (salt)/m3 was added to the wastewater as an
electrolyte. The addition of NaCl can also reduce the

In the treatment plant where this study was carried out, the
wastewater was passed to the pre-treatment unit and then to
the EC. By the application of the high current, decomposition starts in the electrolytic water and hydrogen,
oxygen, and hydroxyl radicals are formed. The ions
formed by oxidation of the anode material pass into the
water in the reactor, and the cations formed as a result of
oxidation coupled with hydroxyl groups begin to ﬂocculate
with the addition of polymer. With the separation of the

Table 4

|

CONCLUSION

Energy consumption for some pollutant parameters

Month

kWh/month

kWh/m3

kWh/kg SS

kWh/kg COD

kWh/kg BOD

kWh/kg TN

kWh/kg TP

January

31,600

0.54

4.16

3.80

5.64

29.62

446.71

February

29,800

0.54

4.14

4.14

5.32

40.51

452.34

March

29,400

0.54

2.65

2.68

4.71

26.07

315.87

April

27,800

0.51

4.57

3.07

5.34

44.16

426.88

May

26,500

0.49

4.67

2.31

3.71

29.16

349.95

June

29,500

0.52

4.28

1.94

2.57

28.96

235.62

July

29,600

0.50

4.80

1.72

3.26

24.95

207.95

August

33,500

0.54

4.56

1.68

3.66

31.29

448.46

September

31,100

0.54

4.88

2.49

4.14

75.30

387.28

October

29,700

0.53

4.64

3.24

4.04

58.11

528.85

November

29,800

0.52

4.61

2.89

5.01

30.46

274.15

December

32,400

0.54

4.54

3.72

4.66

80.00

765.69

Average value

30,058

0.53

4.38

2.81

4.34

41.55

403.31
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electrical energy consumption of EC, as it increases the conductivity of the wastewater.
The removal efﬁciencies of pollution parameters were in
the range of 72–83% for SS, 67–80% for COD, 69–81% for
BOD, 21–47% for TN and 27–46% for TP. Sufﬁcient
removal efﬁciencies were obtained for SS, COD and BOD
parameters and discharge limits were achieved for these
parameters. However, it was observed that adequate
removal efﬁciencies were not obtained and discharge
limits were not achieved for TN and TP parameters.
Energy consumption of this plant operated at real scale is
0.49–0.54 kwh/m3. The operating cost of the plant was
calculated to be between 0.24 and 0.28 EUR/m3. It was
concluded that EC process is economically feasible in nonsensitive areas (TN and TP treatment not required).
As a result of this study, since discharge limits for nitrogen and phosphorus parameters could not be achieved for
sensitive receiving environments according to the Turkish
Urban Wastewater Treatment Regulation, EC process was
not considered an appropriate process. However, according
to the conditions of the receiving environment, EC can be
preferred as a modular system for the treatment of domestic
wastewaters where nitrogen and phosphorus removal is not
required, especially in settlements where mobile populations
are high and there is not enough area for the installation of
WWTPs.
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