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Abstract

Generally, Sewage Treatment Plants(STPs) are complexes systems in which a range of physical,
chemical and biological processes occur. However, their performance strongly depends on the
know-how acquired by the field-engineer. Recently, in order to solve this situations, various
operation and management technologies based on the Instrumentation, Control and Automation(ICA)
have been developed. As a economies-environmental affect point of view, this study was for the
performance evaluation and assessment of results from the Smart Operation System(SOS) in full-
scale STP. The SOS in STP consisted of the process monitoring module, including real-time influent
prediction and effluent simulation, and the Smart Air Control(SAC) module. According to the
results from field test for 2 years, the results of economical evaluation, amount of benefits and cost
saving by the SOS have shown to be much higher than that of traditional operation. Nevertheless,
the removal load(kg/yr) of BOD 13.3 %, COD 28.2 %, TN 44.4 % and TP 20.8 % were increased,
respectively. Remarkable improvement of removal load could be achieved after the SOS was
adapted. It was concerned that the SOS offer a user friendly functionalities and cost saving needed
by the field-engineers. In addition, it was expected that the results of this study would supply
helpful information for design and cost saving for the SOS in full-scale STP.
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=3k QITHEHE e, 2006; AL AL
2010), o]2gt FAl= aqtiL shA] 2] Al “77}11 Ll
g Argoln, e ol ot o] 2t oA
A AA steA Y e A= Bk oH
Zo|ate WehAQl sk et G TS =AY
SfjoF eh& ofn|3tet, ol Etekal ofA = tick
oA - Fue] o FAES of2Rt A4
ol 54 2E tgotrlolle g QAR
&, F87Fs A, 287k 7169 ARt & B
Hee 7L ok, gt o g sk ek o
A At 3 Q2 A3k fleliAle tholrt FH|
o] EYH7HES DA R ol=t, AS7I9 AEA
oJ(ICA; Instrumentation, Control and Automation)
710 A9 eI AlLE Be TeleA
AJAEN Fo] 7P B ARl et & 4= ok (A
&, 20105 FF3, 2011 078, 2011). FH 43t
£ SIek Al A AlAof o3t AATE A oje}
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o7 ol3f HEZA skauto] 7l=rH(Matsui et al.,
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=¥ ATE fI8l A20 FRio] A& AR W sh
A 2)%H22,000 m*/d)& A7gsto] HATE {4
of| A ABI(RIPS, Real—time Influent Prediction
System), AA|7 W4 dSA|AE(REPS, Real—
time Effluent Prediction System), &7]5+& A ¢]
Al2~HEI(SAC; Smart Air Control), Z¢h/2 43} =
=2 745 SMART &3] AIARI(SOS)& +5
SkoiTt,

RIPS:= SS, EC(H7|AER), 4 vYE 358
SAFE HAE ASEA L} 2ZE o A7 sR
TAE o] glon 5E~20% oJuof FU4 A
B AR A AlFeeh(A A &, 2010). REPS
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Table 1. The assessment criteria and method

ltems Method
Accuracy Evaluation RMSE
for RIPS & REPS Time series analysis

Technical Evaluation

Performance Evaluation

Probabilities & removal efficiency

Smart Air-quantity control test

Annual benefit for SOS construction & installation

Economical Evaluation Annual benefit for pollution reduction Cost-benefit analysis
Annual benefit for maintenance

FAHANA Y =5 FUF7F FUEH= AolA 7b RIPSe] oJsff AAJZto & EA (1. Real-time
T 2 e s S-SR R A H 7l Influent Prediction)¥ i1, REPSE # A0 Rdr
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Figure 1. Schematic diagram of conceptual flow for SMART Operation System(SOS)
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Table 2. RMSE for the simulation results from RIPS and REPS

Species
RMSE

BOD CODwi N TP

Influent 22917 8.448 4.619 0.455

Effluent 0.615 0.814 2.724 0.447
2. M3 U Wy SAC B7K: 712 37138 Wao 2 edE A9
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Figure 3. Comparison of accumulated air-quantity by Smart Air Control(SAC) system
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Table 3. Comparison of effluent between national and SMART Operation System (Unit: mg/l)

Process National This Study National This Study National This Study
Biological Nutrient Removal 42 14 10.9 9.8 0.9 0.3
Others 7.5 15.8 1.2
T 3 5(2010)
Table 4. Comparison of performance evaluation with and without SMART Operation System
Water Quality Standard(WQSD) Excess No. of WQSD .
. for Effluent (WQSD/WQSD) Status of Removal Efficiency
ems
National Strengthened . With SOS Load Efficiency
WQSD WQSD' SRR | e i) (kg/yr) (%)
BOD 10 4 0/7 0/8 +46,476 +13.3
CODwin 40 20 0/0 0/0 +46,149 +28.2
TN 20 13 55/61 1/60 +22,349 +44.4
TP 2 1 027 0/6 +1,472 +20.8

Table 5. Comparison of labor and construction cost evaluation by SMART Operation System (Unit: thousand won)

Labor Costs Construction Costs
: : : Sensor & PLC L .
Engine | Maintenance | Maintenanc . Engineeri | Analysis Total
for RIPS | e for sensor g et RIPS RMaltn ng Fee Fee
eactor
Others 200,000 48,000 4,032 16,700 4,300 | 260,000 | 56,000 0 0 389,032
This Study | 260,000 3,840 4,032 20,700 | 104,300 | 80,000 56,000 | 100,000 | 26,000 |[394,872
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Table 6. Summary of annual benefit for SMART Operation System

Economical Benefit

Cost (million won)

Annual benefit for SOS construction & installation -04
Annual benefit for pollution reduction 2,984.6
Annual benefit for maintenance 732
Total 3,057.4
WEe SR 24 SOl 0dBAY A & U Skl A4Sl el AREARE 4
Azt el Holm, of A 37k AUE T gal, A7t oAE APl oF 2,984,6 wk
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ICA (Instrumentation, Control and Automation)

AS, Aot As s (57192 A A 1)

ASM (Activated Sludge Model)

2esA wd

SOS (Smart Operation System)

SMART &- ] AJ2H

RIPS (Real-time Influent Prediction System)

AARE A% ol A2

REPS (Real-time Effluent Prediction System)

AR R AIEAILE

SAC (Smart Air Control)

LUEE 7 Al AL

WQSD (Water Quality Standard)

RMSE (Root Mean Square Error)

CRF (Capital Recovery Factor)

A3 A




