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ABSTRACT: Wastewater treatment plants (WWTPs) are obligated to reduce carbon emissions as a part of public sector
greenhouse gas (GHG) emission reduction targets. However, Sewage Statistics(2022) shows that CO, emissions per wastewater
treatment volumes have decreased by only 3.03 % compared to 2020, which is far from enough to meet the Nationally
Determined Contribution (NDC) targets. This study aimed to find operational conditions of biological reactors that minimize
total carbon footprint (CFP). Total CFP considers both direct emissions from biological processes and indirect emissions
from energy consumption. A study was conducted using a computer simulation program which is called as EQPS for
a 4-stage BNR WWTP. The results showed that total CFP was reduced by 10.97% compared to the design condition
when the mixed liquor recirculation (MLR) was set to 100 % of the influent flow. The N,O emission factor (EF) of
the target WWTP was calculated to be 0.138-0.199 %, which is significantly lower than the IPCC default value of 1.6
%. This study proposes a method to minimize total CFP in WWTPs by optimizing biological reactor operation and emphasizes
the need for further research on N>O emission reduction.
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Table 1. Bioreactor Operation Conditions in each Simulation Case

Bioreactor Operation Case 1 (DO) Case 2 (MLR) Case 3 (MLSS)
Conditions 11 12 13 14 15 22 23 24 25 31 32 33 34 35
DO concentration (mg/LL) 1.0 1.5 2.0 25 3.0 2.0
MLR ratio (%) 285 100 200 285 300 285
MLSS concentration (mg/L) 3200 2000 2500 2800 3200 3500
RAS ratio (%) 67
Temperature (°C) 223

Note: RAS is Return Activated Sludge
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Table 2. Primary Effluent Analysis Plan under Study

A7AA N,O HA 712 oigk HAl A7 v
1147112] Whg-3} 8679] T 8= o] Fo YT,
EQPST 247k vl &5 2Hdoll tigt A7 2 A&
A4l A S aP ol AREE AT
HuE 247t 3t Alg= 2021d V% =
wA Bl AAIE Zk 416 gCOegkWS ©]-&3}
AP0, FEZ L AT A A AAEA B
IAFF)ol AAE HERE HIZ 350 %, 2JFH
S HIE=4759% 183 19 e v 7= gk

= AH8SISH

23 4=8S

Z AlB2lold Y2zt
Fig. 12 A7 o AgA-E B=rk&x EQPS

H T BA

Parameter Analytic Method Frequency Note
Total Suspended Solid The water pollution standard
1 h : 4 h
(TSS) method ES 04303.1b every = hour VSS: every 4 hours
Biochemical Oxygen demand The water pollution standard everv 1 hour
(BODs) method ES 04305.1c 24
) tCOD every 1 hour
Chemical Oxygen fCOD  Hach Method 8000
Demand _ every 2 hour
ffCOD
Total Nitrogen
Hach Method 10072 1 h
(T-N) ach Method 1007 every our
Total Phosphorus Hach Method 10127 every 1 hour
(T-P)
Ammonia
Hach Method 8038 every 1 hour
(NH;-N) Y
Phosphate
Hach Meth 4 2 h
(POL-P) ach Method 8048 every our

Fig. 1. Schematic diagram of the 4-stage BNR configuration bioreactor in EQPS.
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Table 3. Physical Characteristics of Reactors and Secondary Clarifier

Type Volume Tank depth Surface Area
Unit m’ m m?
Preanoxic 990 5.5 -
Biogeactor Anaerobic 1,980 5.5 -
Anoxic 5,610 5.5 -
Aerobic 10,230 5.5 -
Secondary clarifier 8,604 3.8 2.280
Table 4. Dynamic Input Values of Influent to Bioreactors under Study
Characteristics Fraction
Name VSS/ fCOD/  ffCOD/  NHx-N/  POsP/
Flow rste  TCOD  TSS T-N TP Temp. % oon Geh TXN T“P
, Unit  oa BOODM ol oNm® g’ oC % % % % %
8:00 42,087 131.2 50.8 30.2 2.8 223 85 454 37.6 76.4 71.4
9:00 43,296 147.3 55.2 34.7 29 223 85 472 375 75.0 79.3
10:00 44,208 164.7 60.6 39.0 3.6 223 85 483 372 712 72.2
11:00 45,041 190.8 70.2 45.0 4.2 223 85 483 40.3 68.9 66.7
12:00 45,113 211.9 76.4 44.3 4.0 22.3 85 494 43.6 65.8 72.5
13:00 45,736 213.5 77.6 352 3.9 223 85 48.9 44.1 73.9 71.8
14:00 43,897 213.8 77.9 30.5 3.6 223 85 48.8 44.8 80.7 72.2
15:00 43,824 220.7 76.4 323 3.6 223 85 51.6 43.9 68.7 69.4
16:00 43,361 244.5 86.3 31.0 34 223 85 50.5 40.0 69.7 67.6
17:00 43,160 239.2 82.4 31.5 3.1 223 85 51.8 429 61.6 65.6
18:00 42,767 235.0 79.2 28.8 3.0 223 85 53.0 45.7 70.9 63.3
19:00 43,863 233.7 77.9 28.0 2.9 223 85 53.6 44.5 70.4 62.1
20:00 44,472 234.7 78.1 26.8 3.0 223 85 53.6 429 74.6 56.7
21:00 45,135 240.7 80.8 26.7 2.9 223 85 53.2 424 71.6 56.9
22:00 43,256 249.0 85.0 28.7 2.8 223 85 523 41.6 65.6 57.1
23:00 43,928 247.8 85.2 273 2.7 223 85 51.9 41.2 66.4 57.4
0:00 42,553 239.7 80.8 27.0 2.8 223 85 53.0 419 67.7 53.6
1:00 42,784 223.7 73.9 25.7 2.6 223 85 54.0 429 69.9 57.7
2:00 42,455 213.5 71.0 26.7 2.6 223 85 53.6 429 70.1 57.7
3:00 38,553 205.8 732 32.0 2.7 223 85 50.1 414 60.2 55.6
4:00 35,865 187.3 68.0 31.2 2.6 223 85 49.0 42.0 61.3 57.7
5:00 34,816 173.7 64.5 242 2.5 22.3 85 47.7 42.6 78.0 56.0
6:00 40,431 152.7 56.0 243 24 223 85 48.5 454 75.8 54.2
7:00 42,600 137.7 48.6 31.3 2.3 22.3 85 50.5 48.6 63.2 54.3

F71=2H 3, 32(2), 2024
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Fig. 2. Time series primary effluent average organics(tCOD, BODs, TSS) concentration under study.
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A ko] AAEojof Fro] &Rl HIAUTh

€100 % 735, A A =43 vl
$% % CFPE 9F 10.82 % #= & 9
ZI¥th DO BE2 1.0 mgLE A3 H$ oF
3.34 %, MLSS 52 2,000 mg/LE 243 74-$ oF
239 %2 F CFPE 5T 4= o] WiFuks Hx
& 243h= Aol vlsiA= CFP 25 B9}
HjH|gto] SRIF AT

Table 5. N,O, CH,;, CO, and Total CFP Simulation Results in Bioreactor at each Simulation Case

CFP per day (unit: tCO,eq/day)

Bioreactor

Case .. Direct emission Indirect Emission
conditions total
N,O CH, CO,
1-1 1.0 1.473 0.126 3.493 5.092
1-2 1.5 1.453 0.116 3.590 5.160
DO «
1-3 2.0 1.460 0.112 3.697 5.268
(mg/L)
1-4 2.5 1.476 0.109 3.818 5.403
1-5 3.0 1.500 0.107 3.959 5.566
2-1 0 2.292 0.224 2.842 5.357
2-2 100 1.669 0.137 2.892 4.698
MLR
2-3 %) 200 1.512 0.122 3.182 4.816
0
2-4 285" 1.460 0.112 3.697 5.268
2-5 300 1.452 0.110 3.819 5.381
3-1 2,000 1.540 0.102 3.499 5.142
3-2 2,500 1.484 0.107 3.580 5.171
MLSS
3-3 2,800 1.469 0.109 3.629 5.208
(mg/L) .
3-4 3,200 1.460 0.112 3.697 5.268
3-5 3,500 1.457 0.113 3.746 5.317

Note: * indicates design condition
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2 HA3E Q0L N,O CFPE Yk
] 300 %2 AlE 1A Al 1.452 tCO.eq/day
2 A4l ¢ e RISkt s el Al
Ao] eSS AE35h] AsiAde A Wl
=5E NOE A5 54l 1HHl= COE
TF v IEFQ 7 M) st

4) IPCCOA AAIGE S| AAEe] N,O EFE
1.6 % (2016)Z, £ AlE8°ld o4& vlge =z
A4k N,O EFE 0.138-0.199 %2 ©]+&= IPCC
of| A AAIGE gkt vlws) e Fx|olt) A7
;GOI N,O ts:]z]— /\lz tﬂ 7@(5.& %OH o]»—,—x{ﬂ]
A af HiEATE JdEkal ol A&
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