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ABSTRACT

Wastewater management is increasingly emphasizing economic and environmental sustainability. Traditional methods
in sewage treatment plants have significant implications for the environment and the economy due to power and chemical
consumption, and sludge generation. To address these challenges, a study was conducted to develop the Intermittent
Cycle Extended Aeration System (ICEAS). This approach was implemented as the primary technique in a full-scale wastewater
treatment facility, utilizing key operational factors within the standard Sequencing Batch Reactor (SBR) process. The optimal
operational approach, identified in this study, was put into practice at the research facility from January 2020 to December
2022. By implementing management strategies within the biological reactor, it was shown that maintaining and reducing
chemical quantities, sludge generation, power consumption, and related costs could yield economic benefits. Moreover,
adapting operations to influent characteristics and seasonal conditions allowed for efficient blower operation, reducing
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unnecessary electricity consumption and ensuring proper dissolved oxygen levels. Despite annual increases in influent
flow rate and concentration, this study demonstrated the ability to maintain and reduce sludge production, electricity
consumption, and chemical usage. Additionally, systematic responses to emergencies and abnormal situations significantly
contributed to economic, technical, and environmental benefits.
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Fig. 1. ICEAS Reactor description.
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Table 1. Analytical parameters and methods of analysis

Parameters Analysis methods
BOD ES 04305.1c / ES 04308.2c
CODMn ES 04315.1b
TOC ES 04311.1c
SS ES 04303.1b
T-N ES 04363.1a
T-P ES 04362.1c
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a0
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tank
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treated water tank
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Fig. 2. Schematic diagram of sewage treatment plant adopted
ICEAS process.
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Fig. 3. Inflow rate and Operating rate compared to design
flow rate of ICEAS.
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Table 2. Influent and effluent flowrate at research facility
Influent
Parameters Units
2018 2019 2020 2021 2022
Minimum flow m’/day 921 954 1,061 1,108 908
Maximum flow m'/day 2,418 2,495 2,324 2,362 2,290
Average flow m'/day 1,295 1,304 1,463 1,499 1,502
. Effluent
Parameters Units
2018 2019 2020 2021 2022
Minimum flow m'/day 893 829 940 1,010 779
Maximum flow m’/day 2,497 2,402 2,303 2,320 2,198
Average flow m’/day 1,268 1,266 1,414 1,455 1,461
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Table 3. Influent, effluent characteristics and removal rate of ICEAS

Characteristics of influent

Parameters Units
2018 2019 2020 2021 2022
BOD mg/L 132.6 140.4 141.4 149.5 172.3
COD(TOCQ) mg/L 103.9 103.5 109.1 (55.9) (67.6)
SS mg/L 141.3 145.7 139.6 159.6 168.1
TN mg/L 30.673 31.392 32.283 38.116 36.073
TP mg/L 3.228 3.052 3.134 3.201 3.763
. Characteristics of effluent
Parameters Units
2018 2019 2020 2021 2022
BOD mg/L 1.2 1.1 1.1 1.1 1.0
COD(TOCQ) mg/L 5.4 5.7 6.3 (5.9) (5.2)
SS mg/L 3.0 3.8 3.8 4.1 3.8
TN mg/L 2.365 4.858 3.245 4.564 4.818
TP mg/L 0.145 0.141 0.140 0.144 0.127
. Annual removal effciency
Parameters Units
2018 2019 2020 2021 2022
BOD mg/L 99.1 99.2 99.2 99.3 99.4
COD(TOCQ) mg/L 94.8 94.5 94.2 (89.4) (92.3)
SS mg/L, 97.9 97.4 97.3 97.4 97.7
TN mg/L 92.3 84.5 85.9 88.0 86.6
TP mg/L 95.5 95.4 95.5 95.5 96.6
% Analysis of COD changed to TOC from January 2021
70.0
240.0 4 Average power rate N Average chemical cost
@ Power cost B Chemical cost
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Fig. 4. Unit power cost of ICEAS.
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Fig. 5. Chemical consumption unit price of ICEAS.
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Fig. 6. Unit cost of sludge treatment of ICEAS.
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Table 4. Coagulant and chemical unit price of ICEAS

Parameters | Units | 2018 | 2019 | 2020 | 2021 | 2022
PAC won/kg | 360 | 368 383 383 | 458
Alum won/kg | 390 | 420 | 437 | 437 | 480
NaOH won/kg | 1,100 | 1,260 | 1,280 | 1,310 | 1,357
Polymer |won/kg | 2,920 | 2,920 | 2,700 | 2,660 | 2,600
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Fig. 7. Cost and consumption of chemicals of ICEAS.
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Fig. 8. Sludge production and treatment cost of ICEAS.

2018W o= 120.56 /AW I 2|29
31 2019 FE 2021 E7HA| = 429 FFaAE Kottt
7} 20229 0= OF 15% o]AF A3t 139.54 /KW O 2
& FOE QIgH AgH] ©@rtE HojFal Qo

Fig. 9= ICEAS XA ZALgH] W HAHEFS el
War ok 2A A A7|7E 2019d o= A
AL H] 7} 94,484 QKW, 20204 73,276 LU/kW,
202190 70,387 UKWR OF 34%71 2 Zo = 7+
stz 2022d o= AEgnH]| Gy AYARE
2 =712 20219 70,387 H /KWl A 20221 o] =
88916 YKWOZ OF 21%9] HPAZH|7} 2 Zo
2 Ak A ERS 2018W-2 695,044 kW,
2019 0] 587,325 kW= <k 16.7% 7FA3}4], 20204
o= 613,100 KW=Z °F 4.2%=7} Jict. 28uf 20214
597,276 kW= TthA] 2.7% ZrAdch

E3] 2022d 0= M AEEFO] 684,328kW= 2021
| tfH] AREEFo] 12.7% S718kith (MOE, 2019~
2023). 20199 At A2 X8 T AMEF
2 20189 o] H7|AMEEHS Aoy, wid
ICEAS 9] stf-d&fo] 7=l en, fd== ot
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2018 2019 2020 2021 2022
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Fig. 9. Power consumption and cost of ICEAS.
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