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7194 A 94 Z2]5-H 2l MLE, A2/0, 4-stage MLE-MBR, Bardenpho-MBR-Z A| 213t Water Digital Twin © 2 L& s}lo] 3¢ #H4=
9] A Az A et A AZES 451921, Bardenpho-MBRO| C/N ratio FASFO]| A &= 914 0 2 COD (Chemical
oxygen demand)” 90% o4} A AsH £ T AAAA &S At 193 §Y w4 20 Bardenpho -MBRZ# 9]
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Abstract : In this study, an electronics industrial wastewater activated sludge model (e-ASM) to be used as a Water Digital Twin
was calibrated based on real high-tech electronics industrial wastewater treatment measurements from lab-scale and pilot-scale
reactors, and examined for its treatment performance, effluent quality prediction, and optimal process selection. For specialized
modeling of a high-tech electronics industrial wastewater treatment system, the kinetic parameters of the e-ASM were identified
by a sensitivity analysis and calibrated by the multiple response surface method (MRS). The calibrated e-ASM showed a high
compatibility of more than 90% with the experimental data from the lab-scale and pilot-scale processes. Four electronics industrial
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wastewater treatment processes —MLE, A2/0, 4-stage MLE-MBR, and Bardenpo-MBR —were implemented with the proposed
Water Digital Twin to compare their removal efficiencies according to various electronics industrial wastewater characteristics.
Bardenpo-MBR stably removed more than 90% of the chemical oxygen demand (COD) and showed the highest nitrogen removal
efficiency. Furthermore, a high concentration of 1,800 mg L' TMAH influent could be 98% removed when the HRT of the
Bardenpho-MBR process was more than 3 days. Hence, it is expected that the e-ASM in this study can be used as a Water Digital
Twin platform with high compatibility in a variety of situations, including plant optimization, Water Al, and the selection of best
available technology (BAT) for a sustainable high-tech electronics industry.

Keywords : Water Digital Twin, High-tech electronics industrial wastewater, Model calibration, Effluent quality prediction,
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gstel, Astel S Aele glol AgE B &N
(Activated sludge) 7]8F] AE8H 1T AFSHA 2]5- 1 (Advanced
oxidation process, AOP)& Z-&35}3l Qlt}. o] FojA A2/0,
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Figure 1. Digital Twin implementation for high-tech electronics industrial wastewater treatment plant using e-ASM.
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Figure 2. The research framework of Water Digital Twin applications from model calibration to process selection.
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Figure 3. (a) Model calibration of e-ASM using sensitivity analysis and multiple response surface methodology (MRS) and (b) overall

desirability Calculation of MRS [22,23]

Table 1. Design specification and operational conditions of
Lab-scale processes [4,6,8,13]

Anaerobic | Aerobic
TMAH TMAH DMSO IPA
Bardenpho-
Process Batch Batch MBR Batch
Flow rate (m®) - - 5000 -
Volume (L) 10 6.6 6.5 x 10° 25
Influent/initial
Conc (mg/L) 1500 1000 267 200-700
t1/100 (hr) 14 21 11 18

Equation (4)°A i= X¥= ¥4 ¥ dloje &9, ye
HA ya=9] dlold &flolH, =, y&= X, ¥ H52] Hatgto]
o} Aol 09~1 4 W w2 A, 0.7~
0.9 ¥4 W= =2 AEA, 05~07 9 s B89 AA,
03~05 ¥ W= 2 A3AA, 00~03 4 wj= ofF kgt
FHBAE 7HITH20].

i v

N
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2.1.2. e-ASM 22 HN: CIEHISHEHEAH
Ak A A A g 55 2
2 EHSEHEAH(MRS)S 0]83ko] e-ASM 29| Hj7f

Table 2. Design specification and operational condition of
experimental references [14,15]

Tank volume(L) HRT (hr)
Anoxic 3,000 2.89
Aerobic 10,000 9.66
Membrane 700 0.68
total 13700 13.23
Designed flow (L/hr) 345
Sludge retention time (day) >30
Recycle (%) 300
MLSS range (mg/L) 3000-8000
Membrane surface area (m?) 46

HeE BT MRS @Y HH-3- < (response variable)2}
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o|9] JHBAE MRSE ©|-&3f| ¥h-5 FEH(Response surface)
2 B8] 2gelol o AASTAL,
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Figure 4. Graphical representations of biological wastewater plant: (a)
MLE, (b) A2/0, (c) MLE-MBR, and (d) Bardenpho-MBR.
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Figure 5. (a) Identification of key kinetic parameters in e-ASM for model compatibility using sensitivity analysis, and response surfaces for
model calibration of e-ASM targeted to (b) NOs,(c)NHs,and(d)TMAHfromPilot-scaleprocess.
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Figure 6. Comparison of experimental results and calibrated e-ASM in Lab-scale processes: (a) anaerobic TMAH, (b) aerobic TMAH, (c) IPA,

(d) DMSO.
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Table 3. Model calibration of e-ASM in Lab-scale and Pilot-scale

processes
e-ASM
Parameters | Symbol Calibrated value
Range .
Lab-scale |Pilot-scale
HIMAH 2-5.04 4 5.04
Hrva 2 32 3.2
HpmA 2.5 3 3
Maximum | #6via 1.4 1.04 1.04
growthrate | o |0.924-1.1016 0.984 1.1064
(d-1) HDMSO 1.3-45 10.7647 45
Lpms 2.376-2.64 2.376 2.376
HMipa 0.0227-0.337 4.4496 4.4496
HAcE 9.59 9.59 9.59
Krvan 15 15 15
Kma 0.06 0.06 0.06
Kpma 0.025 0.025 0.025
Half Knnvia 0.15 0.15 0.15
e | Kmo | 82-800 800 8.2
(gCOD m-3) Kpmso 10-190 190 190
Kpwms 10 10 10
Kipa 241.6-733 354 354
Kace 94.8 94.8 94.8
bmo 0.017 0.017 0.00017
brao 0.017 0.017 0.017
Defg_yl;ate bowso | 0.017 0017 | 0.017
bpms 0.017 0.017 0.017
bipa 0.016 0.016 0.016
Yo 0.065 0.065 0.065
Yra0 0.34 0.34 0.54
Bi;{;gss Youso 0.08 0.15 0.15
@gl) | Yous 0.1 0.22 0.22
Yiea 0.29 0.22 0.22
Yace 0.4 0.4 0.4
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Figure 7. (a) Comparisons of calibrated e-ASM with the measured effluent data in a Pilot-scale electronics industrial wastewater treatment
process, and temporal analysis for removal rate of (b) COD, (c¢) Nitrogen compounds, (d) TMAH, and (¢) DMSO in calibrated

e-ASM.
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Figure 9. Sensitivity analysis of removal efficiency for (a) effluent
ammonia and (b) TN across the varying C/N ratios in
influent, and (c) TMAH in effluent across varying TMAH
concentration in influent.
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Figure 10. Sensitivity analysis for effluent quality of (a) TMAH
across the HRT and (b) TN and TMAH across the extra
carbon flowrate in Bardenpho-MBR.
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