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Abstract

This study developed an integrated Chemical Enhanced Primary Treatment (CEPT) and nitrification
filter (NF) system to optimize organic matter recovery from industrial wastewater toward carbon
neutrality. Jar-test experiments determined optimal coagulation conditions using FeCl; (0.5 mM) and
anionic polymer (0.5 mg/L), achieving removal efficiencies of 64% TCOD, 88% TP, and 79% TSS. The
bench-scale CEPT-NF system operated at varying hydraulic retention times (2-6 hours) and internal
recycle ratios (50-100%). Optimal performance occurred at 100% recycle ratio and 4-hour HRT,
achieving 80% TCOD removal compared to 62% without recycling. The nitrification filter achieved
95% NH4*-N oxidation at 30°C with 5-6 hour HRT. The higher TCOD removal (80%) could be
achieved in the CEPT-NF not only by continuous chemical coagulation but also by heterotrophic
assimilation of denitrification. Mass balance analysis showed significant greenhouse gas reduction
potential, with CO, emissions decreasing from 1,482 to 225 tCO,/year—a 6.6-fold reduction compared
to conventional treatment. The CEPT-NF process enhanced organic matter recovery through
chemical coagulation and biological denitrification, addressing poor SCOD removal limitations of
conventional primary precipitation.

Keywords: industrial waste water treatment; chemically enhanced primary treatment; carbon
neutrality; sewage sludge

1. Introduction

Carbon neutrality refers to the 'Net-Zero' concept where net emissions from human activities
become '0' to prevent the increase of greenhouse gas concentrations in the atmosphere, and various
policies are being pursued at the national level with the goal of achieving carbon neutrality by 2050
[1]. In the field of environmental engineering, including wastewater treatment, research on new
wastewater treatment systems is being conducted to achieve carbon neutrality by reducing the
required electrical energy while meeting effluent water quality standards, or by maximizing the
conversion of organic matter (Chemical Oxygen Demand, COD), a potential energy source in
wastewater, into biogas[2—4]. Future-oriented wastewater treatment toward carbon neutrality is
shifting from simple pollutant removal to an energy-positive direction that can actively produce and
recover the energy potential in wastewater. To achieve this, it is necessary to reduce the amount of
CO: generated in biological wastewater treatment processes and expand technologies that maximize

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.2202.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 September 2025 d0i:10.20944/preprints202509.2202.v1

2 of 14

the production of primary sludge and excess sludge for energy recovery[5]. The Strass wastewater
treatment plant in Austria achieved 'energy-positive' status through co-digestion technology, and by
additionally applying heat-pump technology, was able to implement a stable 'energy-positive'
wastewater treatment plant that could produce more than 180% of the energy required for the
wastewater treatment plant [6].

To maximize the recovery of energy potential from sewage and wastewater, it is necessary to
reduce CO2 generation due to oxidation in bioreactors and the amount of excess sludge with low
biodegradability, while securing as much primary settled sludge with high biodegradability as
possible. Biological wastewater treatment processes consume approximately 1,080-2,160 k]J/m3 of
electrical energy, and assuming that the primary sludge recovery rate from primary clarifiers is 60%
in terms of COD, approximately 1,158 kJ/m? of energy can be recovered, and if 80%, approximately
1,398 kJ/m® of energy can be recovered, enabling energy-neutral wastewater treatment [7].
Additionally, by applying the Anaerobic Ammonium Oxidation (ANAMMOX) process to remove
ammonia nitrogen, approximately 65% of aeration energy can be reduced, requiring only about 810-
1,620 kJ/m3 of energy for wastewater treatment including nitrogen removal, making energy-positive
wastewater treatment feasible[5].

Approximately 50-60% of the electrical energy required for biological wastewater treatment
processes is consumed during the oxygen supply (aeration process) for microbial cultivation. To
reduce this, COD in the influent wastewater must be removed in the primary clarifier before entering
the aeration tank, which is an aerobic biological reactor, or the sludge residence time (SRT) of
microorganisms must be controlled. Various efficient alternatives such as Chemical Enhanced
Primary Treatment (CEPT) [8,9] or High Rate Activated Sludge (HRAS) [10,11] processes have been
proposed to efficiently remove and separate COD from wastewater. The HRAS process showed lower
Total COD (TCOD) recovery efficiency but higher separation efficiency for low molecular weight
soluble COD (SCOD) that is difficult to separate by sedimentation [12]. HRAS has lower TCOD
removal efficiency than CEPT because some COD is biologically converted to carbon dioxide and
biomass during the aeration process [13]. Cagnetta et al [14] proposed a chemical post-treatment
method following HRAS as the optimal alternative for effectively separating and recovering COD
from wastewater.

CEPT is a representative method for effectively separating TCOD from wastewater through
chemical coagulation. Alum (Alx(SO4);-18H20), Poly Aluminum Chloride (PAC), and ferric chloride
are used as coagulants for chemical precipitation in wastewater treatment, and polyacrylamide is
used as a coagulation aid. Although ferric chloride has lower organic matter removal efficiency than
PAC, it is known to improve methane production efficiency by participating in oxidation-reduction
reactions during acid production and methane production processes in anaerobic digestion [15,16].
CEPT can remove approximately 50-80% of Biochemical Oxygen Demand (BODs) and 80-95% of
phosphorus through chemical precipitation [17-19]. However, chemical precipitation has the
limitation of being effective for separating particulate COD larger than colloidal particles but not
efficient for removing SCOD with small particle sizes [20]. The highly biodegradable SCOD in
wastewater can be easily removed as a carbon source required for the denitrification process of NOs™.
By converting SCOD to particulate COD (VSS) through denitrification reactions that utilize NOs™~ as
the final electron acceptor and removing it together with particulate COD in CEPT, maximum
separation and recovery of TCOD from influent wastewater can be achieved.

To reduce electrical energy while removing COD along with nitrogen, processes such as CEPT
combined with Completely Autotrophic Nitrogen Removal Over Nitrite (CANON) [21,22] and
Partial Nitrification/ANAMMOX (PN/A) [23-25] have been proposed. In such wastewater treatment
processes, the PN/A process for nitrogen removal is highly efficient under conditions with low
COD/N (C/N) ratios, making the CEPT process necessary, and the optimal SCOD/N ratio for influent
wastewater is proposed to be less than 2-3 [26,27].

To increase TCOD removal efficiency in CEPT, coagulants (ferric chloride) can be injected [28],
or biological denitrification reactions can be utilized [29]. Park et al. [29] achieved approximately 90%
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TCOD removal at a 300% recycle ratio in a primary clarifier-nitrification tank combined wastewater
treatment process without coagulant dosage. This was attributed to the simultaneous removal of
particulate organic matter in the microbial sludge layer formed during denitrification reactions. The
NOs™ required for denitrification reactions in CEPT can be supplied by oxidizing NH,* to NOj3~ in the
subsequent nitrification reactor and returning the required amount, and TCOD removal efficiency
can be expected to increase through chemical coagulation and biological denitrification reactions.

This study aims to derive optimal conditions for recovering organic matter from industrial
wastewater using CEPT while simultaneously removing nitrogen and phosphorus. First, a CEPT
process will be introduced to increase organic matter recovery in the primary clarifier, and the organic
matter removal efficiency according to coagulant dosage and the energy potential of recovered sludge
will be evaluated. Subsequently, nitrified effluent in the following nitrification filter will be returned
to the CEPT reactor for denitrification using biodegradable SCOD, and the generated biomass will be
recovered together.

2. Materials and Methods

The industrial wastewater used in this study had TCOD of 230 mg/L, NH4*-N of 18.6 mg/L, NOs
-N of 4.7 mg/L, and T-P of 1.6 mg/L as shown in Table 1, with a TCOD/TN ratio of approximately
9.83, indicating a relatively high organic matter content [30]. Among the influent components, NOs~-
N comprised approximately 20% of the total nitrogen. The pH was 7.2+0.08, which is neutral, and the
alkalinity was 300 mg-CaCOs/L. The wastewater samples used for coagulation experiments were
collected from the inlet of the primary clarifier after the grit chamber, and experiments were
conducted within 12 hours while storing the samples at 4°C after collection.

Table 1. Characteristics of the local industrial wastewater in Korea.

Parameters y TCOD  SCOD  NH#N  NOs-N T-P TSS VSS
PP mgl)  (mgL)  (mgL) (mg/L) (mg/l)  (mgll)  (mg/L)
Average 7.2 230 140 186 47 1.6 106 72
Standard 0.08 47 30 32 11 0.7 81 55
Deviation

For TCOD separation, ferric chloride (FeCl3-6H,O) 1% reagent and anionic polymer 0.1% reagent
were prepared and used as coagulants. For coagulation pH adjustment, HCl 0.01 M (0.01 N) and
NaOH 0.01 M (0.01 N) reagents were prepared and used. A 2 L capacity jar test apparatus from
Phipps & Bird was used to determine optimal coagulation conditions. The jar specifications (WxLxH)
were 11.5x11.5x21 c¢m, and the impeller specifications (WxL) were 7.62x2.54 cm.

In the coagulation experiments, the primary coagulant ferric chloride (FeCls-6H,O) was first
injected in the range of 0.25-3.0 mM to evaluate COD removal efficiency and derive the appropriate
coagulant dosage. Subsequently, along with the appropriate ferric chloride dosage, the coagulation
aid anionic polymer was injected at 0.5-1.0 mM, and COD removal efficiency was evaluated to
determine optimal coagulation conditions based on the results.

A continuous bench-scale experimental apparatus (CEPT-NF, Figure 1) including a coagulation
reactor was installed and operated at the wastewater treatment site. CEPT settled sludge generated
during this process was collected to analyze volatile solids (VS) content, and COD. A 2 L rectangular
acrylic reactor (WxHxL: 11.5x11.5x21 c¢cm) was used as the coagulation reactor in the CEPT-NF
process. For mixing, a paddle (WxL: 7.62x2.54 cm?) was installed 10 cm below the water surface, and
the mixing intensity (velocity gradient, G value) and mixing time and were set to 200 sec’.
Coagulants were injected at the predetermined optimal amounts using two metering pumps, and the
temperature was adjusted to the range of 25-30°C considering the nitrification reaction. The CEPT
reactor was cylindrical with a volume of 15 L and a depth of 45 cm. A paddle was installed at the
bottom of the CEPT to enable effective mixing of the influent wastewater with added coagulants and
settled sludge, operating at 10 rpm. The influent wastewater and nitrified return water were injected
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at the bottom of the CEPT to allow mixing by the paddle, and the primary sludge was discharged
once daily through a valve installed in the middle of the CEPT. The CEPT retention time was varied
from 2 hours (same as field conditions) to 6 hours, and TCOD removal efficiency was analyzed
according to the presence or absence of coagulant dosage.

The nitrification reactor was constructed from a 25 L cylindrical acrylic pipe, filled with
approximately 30% clay ball (5 mm) media, and activated sludge was circulated to allow attachment
of nitrifying microorganisms. The nitrification reactor was operated in upflow mode with diffusion
stones installed at the bottom and aeration rate. To maintain the activity of the nitrification reactor, a
heating device was installed to control water temperature (20-30°C), and activated sludge was
periodically injected in fixed amounts until the nitrification reaction reached steady state.
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Figure 1. Schematic diagram of the Bench scale CEPT-NF process with flocculator and chemical dosing

apparatus.

The continuous CEPT-NF process analyzed TCOD recovery efficiency according to surface
loading rates of CEPT under the optimal coagulation conditions determined from jar tests. The DO
concentration in the nitrification reactor was maintained in the range of 3-5 mg/L, and the recycle
ratio of nitrified effluent was operated at 50-100%.

Table 2. Characteristics of the local industrial wastewater.

Parameters CEPT NF
Overflow rate
(m3/m2 -day) 34-102 )
HRT (hr) 2-6 3.3-10.0
Flow rate (mL/min) 42 -125
Volume (L) 15 25
Recycle ratio (%) - 50 -100
DO (mg/L) - 3-5
Temperature (°C) - 20-30
Waste sludge rate(mL/day) 3 i

To comparatively evaluate the environmental performance of the actual wastewater treatment
facility and the CEPT process, material balance analysis was conducted targeting the industrial
complex wastewater treatment facility in local city. The study aimed to analyze CO, generation from
biological organic matter removal in existing facilities and compare CO, generation by calculating
the CO, equivalent value for organic matter recovered through coagulation precipitation in primary
clarifiers when the CEPT is applied.

The local industrial wastewater treatment facility receives and treats 20,000 m3day of
wastewater and operates using the Intermittent Aeration System(IAS) which is an intermittent
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aeration method. Figure 2 shows the process diagram of the full scale industrial wastewater treatment

facility.
Industrial Primary Reactor Secondary
complex Clarifier (IAS) Clarifier
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L ~| Concentrator [———= Dehydrator -————= Take Out

Figure 2. Process diagram of the local industrial Wastewater treatment facility: (30) industrial complex.
3. Results and Discussion

3.1. Operating Conditions for CEPT

The results of jar tests conducted to determine optimal coagulation conditions for CEPT to
physically and chemically separate organic matter in industrial wastewater are shown in Figure 3.
Although polyaluminum chloride (PACI), a polyaluminum coagulant, is more effective than FeCl; in
removing total suspended solids (TSS), it has been reported to have inhibitory effects on hydrolysis
and acid production reactions of precipitated Alum sludge [3]. Fe sludge shows higher VFA yields
during anaerobic digestion processes, and since Fe(Ill) is reduced to Fe(Il) causing decomposition of
Fe coagulated sludge, it also exhibits high TP removal efficiency and easy release as PO4*-P.

In this study, jar tests were conducted with FeCl; in dosing range of 0.25 to 3 mM. As shown in
Figure 3, TCOD removal efficiency was 34% at 0.25 mM and 47% at 0.5 mM, with no significant
increase observed at higher dosage (45%, 42%, and 49% at 1 mM, 2 mM, and 3 mM, respectively). Lin
etal. (2017) reported that when the FeCl; dosage was 0.22 mM in sewage coagulation, PO4*-P removal
efficiency was 87.5% and TCOD removal efficiency was 68.3% [3]. This difference is attributed to
variations in coagulation efficiency for organic matter (COD) removal across different wastewater
types. The SCOD removal efficiency of the industrial wastewater used in this study was low at 19%
with a 0.25 mM dosage and 26% at 2 mM, with approximately 80% of SCOD remaining unremoved
by coagulation.

Haydar and Aziz reported that CEPT can remove more than 98% of suspended solids (TSS) but
only 7-28% of SCOD [31]. The SCOD/TCOD ratio of domestic sewage in Korea ranges from 28% to
42% [32], while the industrial wastewater used in this study had a ratio of 60.9%, which is considered
to contribute to the relatively low TCOD removal efficiency. VSS removal efficiency was 64% when
0.25 mM FeCl; was injected and 74% when 0.5 mM was injected. TP removal efficiency was 90% at
0.25 mM dosage and 93% at 0.5 mM dosage, with no significant efficiency increase observed at higher
dosages. Therefore, the optimal FeCl; dosage amount for efficient T-P removal is considered to be 0.5
mM.

To evaluate the effect of anionic polyelectrolytes(AP), the FeCl; dosage was fixed at 0.5 mM, and
removal efficiency was assessed according to APC dosages (Figure 4). When FeCl; 0.5 mM and APC
0.5 mg/L were injected, TCOD removal efficiency increased to 64%, TP to 95% and TSS to 79%. When
the APC dosage amount was increased to 1.0 mg/L under the same conditions, TSS removal efficiency
increased to 91%, while TCOD removal efficiency decreased to 62% and TP removal efficiency
decreased to 92%. This is attributed to the offset of coagulation effects between APC molecules due
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to excessive coagulant dosage. Based on these results, the operating conditions for coagulation
continuous CEPT-NF were set at FeCl; 0.5 mM and APC 0.5 mg/L for effective removal of TCOD and

TP.
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Figure 3. Removal Efficiency of TCOD, T-N, T-P, TSS with FeCls only in the dosing range of 0.25 to 3 mM.
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Figure 4. Removal Efficiency of TCOD, T-N, T-P, TSS with FeCls, and AP in the dosing range of 0 to 1.0mg/L.

3.2. Organic Matter Removal in CEPT Reactor

SCOD that is difficult to coagulate in CEPT can be classified as biodegradable COD because it
consists of dissolved COD with small particle (2 pum or less). The SCOD can be eliminated through
biological methods using microorganisms. Since the TN removal efficiency in CEPT is low at around
10% (Figure 5a), nitrification-denitrification processes or recent CANON processes need to be
introduced. CEPT effluent can be nitrified in a nitrification filter (NF) and then returned to CEPT for
denitrification using SCOD as a carbon source. As a result, SCOD utilized by denitrifiers with nitrate
to form microbial sludge and removed in CEPT, acting as auxiliary coagulants aid to improve TCOD
removal in CEPT.

Figure 5b shows the COD removal efficiency when nitrified effluent was returned to CEPT.
When 100% of the nitrified effluent was returned, the particulate COD (PCOD) removal efficiency

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.2202.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 September 2025 d0i:10.20944/preprints202509.2202.v1

7 of 14

showed little difference at 65%, but SCOD removal efficiency increased from 41% to 66%. This was
because SCOD was effectively removed by denitrifying microorganisms in CEPT through the return
of nitrified effluent.
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Figure 5. (a) Concentrations of SCOD in influent and effluent of CEPT and NF: CEPT HRT= 2 hr, (b) COD
Removal in CEPT and CEPT with 100% recycle of the nitrified effluent.

Figure 6 and Table 3 show the relationship between organic matter removal and denitrification
reactions in CEPT according to effluent recycle ratios. A high correlation was observed between
NH,*N denitrification and SCOD removal. When effluent was not returned, NO;-N removal
efficiency was 19%, which increased to 32% with 50% return and 56% with 100% return, showing
improved denitrification efficiency. Although the theoretical organic carbon to nitrate ratio required
for denitrification (COD/NO;™-N) is 2-3, the actual removed COD/NO;™-N ratio was as high as 7.5 in
CEPT. SCOD can be utilized by denitrifying microbial growth and removed by co-precipitation with
the microbial flocs and coagulant precipitates.
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Parameters Influent CEPT NF
Recycle ratio (%) - 0 50 100 0 50 100
TCOD (mg/L) 185 70 48 39 58 34 21
SCOD (mg/L) 87 51 31 30 28 18 12
NHs-N (mg/L) 17.4 15.5 13.2 12.0 14.1 11.8 7.7
NOs-N (mg/L) 4.8 3.1 2.7 4.3 7.6 9.4 10.2

TCOD removal efficiency was analyzed according to CEPT retention time along with effluent
recycle ratios. When retention time is increased by changing the flow rate in a CEPT reactor of the
same size, the surface loading rate of CEPT, which not only increases TSS removal efficiency but also
provides sufficient reaction time for microbial denitrification reactions, thereby enhancing
denitrification efficiency. Figure 7a shows the TCOD removal efficiency while adjusting recycle ratios
to 100% and 50% and simultaneously increasing CEPT HRT from 2 hr to 3 hr and 4 hr. At a 100%
recycle ratio, TCOD removal efficiency increased to 80% at HRT over 3 hr and it reached to maximum
of 85% at 4 hr. When the recycle ratio was reduced to 50% and operated with longer retention times
of 5 hr and 6 hr, TCOD removal efficiency no longer increased and was maintained in the 70-80%
range. However, despite the increased reaction time, TCOD removal efficiency remained lower than
that achieved with a 100% recycle ratio. This can be interpreted as indicating that the reaction time
required for denitrification needs to be 3 hours or more, and that a 100% recycle ratio supplies
sufficient NO;™-N loading to CEPT for removing SCOD in the influent wastewater.
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Figure 7. Efficiency of organic matter removal by denitrification in CEPT.

Figure 7b shows the concentration of PCOD and SCOD at different HRTs and recycle ratio in
CEPT. When the recycle ratio was 100%, more SCOD was removed at HRT of 3 hr and 4 hr compared
to other conditions, confirming a lower SCOD/TCOD ratio. The SCOD/TCOD ratio decreased to 65%
at 3 hr HRT and 55% at 4 hr HRT. However, when the recycle ratio was 50%, SCOD was not removed
even when HRT increased to 5-6 hr, and the SCOD/TCOD ratio remained high around 76-77%.
Consequently, it is determined that to effectively remove SCOD in CEPT, the internal recycle ratio of
nitrified effluent should be maintained at 100%, and HRT should be secured at least 3 hr. Maintaining
a high recycle ratio may increase SCOD and NOs™-N removal efficiency. However, concerns arise
regarding decreased TCOD removal efficiency practical surface loading rate increases and associated
energy consumption due to high recycle ratio indicating that additional optimization is required.

According to Shewa et al. (2020), TCOD removal efficiency in CEPT for sewage treatment was
reported to reach a maximum of 95.6%[19]. However, the results of this study targeting industrial
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wastewater showed that 80% of TCOD could be removed in CEPT through physicochemical
coagulation combined with biological denitrification.

3.3. Nitrification Characteristics

Since autotrophic nitrifying bacteria have slow growth rates and compete with heterotrophic
COD-removing microorganisms for dissolved oxygen, the COD/N ratio must be maintained low for
efficient cultivation of nitrifying bacteria. It is known that when the COD/N ratio exceeds 3.0, the
proportion of nitrifying bacteria decreases, leading to reduced nitrification rates [33]. When TCOD is
effectively removed (80%) in CEPT, the COD/N ratio entering the subsequent nitrification filter (NF)
becomes 2.0 or lower, allowing dominant cultivation of nitrifying bacteria in NF.

Since nitrification is significantly affected by pH and temperature, pH was adjusted to 7.2, and
temperature was maintained in the range of 20-30°C. As shown in Figure 8(b), when NF HRT was
fixed at 2 hr and operated at 20°C, the nitrification efficiency showed low efficiency 15%. To achieve
higher nitrification efficiency, experiments were conducted at an elevated temperature of 30°C,
resulting in nitrification efficiency to 64%. All subsequent experiments were conducted at 30°C by
using temperature control devices (DH-1000 AC-2R and DH-UT180).

The nitrification efficiency at HRT of NF 2-6 hr are shown in Figure 8a. Nitrification efficiency
was 64% at 2 hr HRT, and it increased to 3, 4, 5, and 6 hr, it was 88% at 3 hr and reached over 95% at
5-6 hr. The NF reactor combined with CEPT achieved effective nitrification efficiency using attached-
growth biological filters with media under low COD/N ratios. The results showed that TN and SCOD
could be removed together by denitrification with recycle of the nitrified effluent to CEPT, and
biomass could be also removed in CEPT (Figure 7b).
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Figure 8. (a) NH4+*-N, NOs-N concentrations according to HRT in a nitrification reactor.(b) Nitrification efficiency

according to temperature.

3.4. Mass Balance Analysis on TCOD and TN

To evaluate the greenhouse gas emission from the on-site ICWTP(Industrial Complex
Wastewater Treatment Plant) and the CEPT-NF process, material balance for TCOD was analyzed
and presented in Figure 9. The influent concentration was set identically based on the actual
wastewater, and loading rates and concentration were calculated reflecting flow rates.

The retention times for each process in the ICWTP are: primary clarifier 4 hr, intermittent
aeration biological reactor 14 hr, and secondary clarifier 4 hr. The CEPT-NF process was set to the
optimal conditions derived above: FeCl; dosage of 0.5 mM and polymer coagulant aid of 0.5 mg/L,
operated at HRT of 4 hr. The nitrification filter retention time was set and operated at 4 hr. The sludge
recycle ratio of the ICWTP is 35%, while the internal recycle ratio of the CEPT-NF process was set at

100%.
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Q(m3d) | 20,000 Primary | Removal Excess [Secondary]Removal
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Figure 9. Mass balance analysis for full scale ICWTP (a), and CEPT-NF (b) on COD and TN.

Greenhouse gas emissions were calculated by combining CO, generation from microbial organic
matter decomposition in bioreactors and CO, generation from aeration in the industrial complex
wastewater treatment facility and the CEPT-NF process.

First, CO, generation from microbial organic matter decomposition in bioreactors was calculated
by multiplying the COD removed in the bioreactor by the CO, conversion factor (CO, value
generated when 1g of COD is removed). Rahul Kadam reported in a carbon-neutral wastewater
treatment system study that 1.42g of CO, is generated when 1g of COD is removed in wastewater
treatment plant bioreactors[34].

COD removed by coagulation precipitation in the CEPT process is discharged in solid form,
significantly reducing the greenhouse gas emission potential of wastewater treatment processes.
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Table 4 shows the greenhouse gas reduction amounts for ICWTP and when the CEPT process is
applied. The CO, generation calculation based on COD removed in the bioreactor of the ICWTP
resulted in 4,061 kg/d, and the annual total greenhouse gas emissions were calculated to be 1,482
tCO,. For the CEPT-NF process, excluding COD that undergoes coagulation precipitation in the
CEPT reactor, the CO, generation calculation based on 436 kg/d of COD removed during
denitrification in CEPT showed that 619 kg/d of CO, would be generated, corresponding to 225 tCO,
of annual total greenhouse gas emissions. This suggests that applying the CEPT process, which serves
the role of a primary clarifier, could reduce greenhouse gas emissions by approximately 6.6 times
compared to conventional wastewater treatment facilities.

Table 4. Efficiency of Organic Matter Removal by Denitrification in CEPT.

Wastewater
Specification Treatment CEPT-NF Reduction Rate
Facilities
Inlet Flow Rate (m?) 7,300,000
Inlet COD Conc. (mg/L) 227
Outlet Flow Rate (m?) 7,300,000
Outlet COD Conc. 159 45
(mg/L)
Sludge discharge 14,600 18,250
amount (m?3)
Export sludge COD 2450 1,960
(mg/L)
CO: emissions (kg/d) 4,061 619 84.7%
Tot'al Qreenhouse gas 1482 25 84.8%
emissions (tCO2)
CO; generation (kg/day) = Q x (CODin - CODout) x fC x fCO, 1)
Q = Influent flow rate (m®/day)
CODin = Influent COD concentration (kg COD/m? or BOD/m?)
CODout = Effluent COD concentration (kg COD/m? or BOD/m?)

fCO, = CO, conversion factor, 1.42

4. Conclusions

In this study, the CEPT technique was introduced to efficiently separate and remove organic
matter in the primary clarifier of industrial wastewater treatment processes. Research was conducted
to recover organic matter contained in raw wastewater by applying coagulant dose and returning
nitrified effluent, and the conclusions are as follows:

1. CEPT jar-test results showed that when 0.5 mM FeCl; and 0.5 ppm anionic polymer were added,
removal efficiencies of 64% for TCOD, 88% for TP, and 79% for TSS were achieved. TN removal
efficiency was low at 4%, indicating that a nitrogen removal process is required as a subsequent
process to CEPT.
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2. Bench-scale experiments conducted at different HRTs showed that TCOD removal rates were
78% and 80% at 3 hr and 4 hr with 100% RAS, the higher TCOD removal was possible through
chemical coagulation of PCOD as well as biological assimilation of SCOD by denitrifications.

3. The SCOD/TCOD ratio showed a tendency to decrease as RAS increased. At 100% RAS,
SCOD/TCOD was 55%, while at 50% RAS it was 70%. Simultaneously, denitrification efficiency
was 32% at 50% RAS and 56% at 100% RAS. This indicates that SCOD, which has low coagulation
efficiency, was effectively removed by biological denitrification, and the ASCOD/ANQOj3"-N ratio
was 7.5

4. Nitrification efficiency showed low (15) at 20°C, it increased to 64% at an elevated temperature
30°C.

5. HRT for nitrification 88% at HRT 3 hr and over 95% at HRT 5-6 hr.

6. The greenhouse gas emission for COD removal in the ICWTP as 1,482 tCO,, while it was 225 tCO,
the CEPT-NF. This represents a 6.6-fold reduction in applying the CEPT process by conventional
in the ICWTP
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