Journal of Korean Society on Water Environment, Vol. 36, No. 6, pp. 535-545 (November, 2020)
PISSN 2289-0971 eISSN 2289-098X  https://doi.org/10.15681/KSWE.2020.36.6.535

SSTITAEAIEOA oufx] AEEE H et A7
LB oplE” - R - USRY - OlBAP

'(FRAUF - B RuSHE L HEolZ2A| A S}

A Study on Energy Usage Monitoring and Saving Method
in the Sewage Treatment Plant

Jongrack Kim'* - Gahee Rhee'® + Kwangtae You'® - Dongyoun Kim* « Hosik Lee®"

'UnU Inc. - ’Department of Railroad Infra System Engineering, Korea National University of Transportation
(Received 15 September 2020, Revised 23 November 2020, Accepted 25 November 2020)

Abstract

This study aims to conserve and monitor energy use in public sewage treatment plants by utilizing data from the
SCADA system and by controlling the aeration rate required for maintaining effluent water quality. Power
consumption in the sewage treatment process was predicted using the equipment’s uptime, efficiency, and inherent
power consumption. The predicted energy consumption was calibrated by measured data. Additionally, energy
efficiency indicators were proposed based on statistical data for energy use, capacity, and effluent quality. In one case
study, a sewage treatment plant operated via the SBR process used ~30% of energy consumed in maintaining the
bioreactors and treated water tanks (included decanting pump and cleaning systems). Energy consumption analysis
with the K-ECO Tool-kit was conducted for unit processing. The results showed that about 58.7% of total energy
consumed was used in the preliminary and biological treatment rotating equipment such as the blower and pump. In
addition, the energy consumption rate was higher to the order of 19.2% in the phosphorus removal process, 16.0%
during sludge treatment, and 6.1% during disinfection and discharge. In terms of equipment energy usage, feeding
and decanting pumps accounted for 40% of total energy consumed following 27% for blowers. By controlling the
aeration rate based on the proposed feedback control system, the DO concentration was reduced by 56% compared
pre-controls and the aeration amount decreased by 28%. The overall power consumption of the plant was reduced by
6% via aeration control.

Key words : Aecration Control, Energy Savings, Performance Index, Supervisory Control and Data Acquisition,
Tool-kit
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1. Introduction

T FFFFAZAILANA AMGHE AEL2 20179 7S
AA AR 2w F ok 0.62%0]3, AFE J|Fo2E=
1.10%°] 238l (KWWA, 2020a), o= ZFstFAg 49
A &F 37t A O 72 M =¥oE FED St
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Control And Data Acquisition (SCADA) A 288 83}
AA AHEFS BUEHSIL o] & &3l FFseAHAA
o] NAAAES A@staLat stk 71719 7hEAI 2 &
74 AFY LHHE G o] &ste] Ay AHALHFES o
SotaL, AAl 4v) AE SFFH Hn, Bgste] fo A
v AEgdF 2EUHY ARE FHsRen, K-ECO

< o] &ste] Aud AEFE BUHY A5 Fo4
S ¥ HAFEAL o E S UA AHEF 28 ARE A
A1 SR T Sequencing Batch Reactor (SBR) 3822 &4 F
I Qe A FIZAFAYAL S ATHGLR seH, &
ZF AAE &3 duiA A7 2 AFFEY HBY AFE

glskazt sk
2. Materials and Methods

2.1 Determination of energy performance index

st PAIEE R dUA] AHEFS vl FESH] 9
ol 4#] 45X E(Performance Index, P)E X335t FF3}t
FAYAEEY UA] AHEFS vl AESATH 20189
Y 4% EA(ME, 2018) AEE o] &std 59 I,
A A& TR steA Al og Pigks 2Hg st
fom, PIF €22 FY A rEE dEstaL ol & Ht
go= 59 §F& FEATE E, st AZAIAY
AYAE o] AP es 5579 AuA 4522 AAlst
Pri=

2 A3 A 1,200 m¥Y TFEY Bio Ceramic SBR
(BCS) THLE Pt A steAZAlHH, PIeH 2H8
Al, Al EF0] T8 &Y LAEZAAFTT AHAEF
o] ARNEZR, T FFstrAHALY EFVE +50% HY
9 Y THY AE S dEeE EXstaA st PleF
g Al 3 A A 411104 T FEFoA &
3 SEEEA AEE Ve R A1EEF 600~ 1,800 m’/
Y9 SBREH AHE AlA 89748 AP th ald stA
JAEES o E HED Pl AXEE #Y9+% 2 BOD,
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31 QTHDi Fraia et al., 2018; Henriques and Catarino, 2016;
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Table 1. Performance index for evaluation of the energy consumption efficiency in sewage treatment plants

Performance Index Unit Description
PI-BOD kWh/kgm Electricity consumption per 1 kg of BOD removal
PI-COD kWh/kgm Electricity consumption per 1 kg of COD removal
PI-TN kWh/kgm Electricity consumption per 1 kg of TN removal
PI-TP kWh/kgm Electricity consumption per 1 kg of TP removal
PI-Q kWh/m’ Electricity consumption per 1 m' of wastewater treatment

2.2 Monitoring of energy consumption for equipments

A dqUA] AHEES RUEE ] f8) 2429 drlel
Al AABIAL 9l &HIAEY AFE 7SR AIRME dUA
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2.3 Monitoring of energy consumption for A WWTP with
Tool-kit
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2.4 Aeration rate control

strAg3AA FE7E AUAE 7HE Bol aMlsheE
Al F SR, $3FANUAE A7) A gt ATE
o] I LA TP Frt. QEE oY Strass StrA
AN A, A3 FFY ¥hgZo] Dissolved oxygen
(DO) AA gt dEY ol MANE dR|ste] ALA A BQsh
DO 5EE Aojgdozy E7|Z Y A2aAGd AREHE
AR S HAsFstaL QIEHK-ECO, 2017). Strass SHF=A 2 Al
AollA A AEAFS AAH R EAT 2, JES
A ZANA 71 B UAE ARSI e Ao e
U oolol] tidt dux] "Ag fsted] MR oA HEHE
Ax 9 1 BAl A58z F7|F Ao 21 A
53 THK-ECO, 2017). L 9ol &, v]= EPAY oz &
ok ZZA E(Energy Conservation Measures, ECM)S &3

Table 2. Required sewage treatment plant data for tool-kit analysis (Kim, 2020)

Items

Data requirements for tool-kit analysis

Status

Monthly power usage, power peak, electric charges,
monthly inflow, discharge volume (for 3 years)

Energy flow map

Facility list by process, rated and actual power, quantity,
durable years, quantity of reserve facilities

Energy balance

Rotor capacity, rated voltage, rated current
rotator measuring voltage, current, power factor, total harmonic distortion,
pump specification flow, hydraulic head
pump measurement pressure, power, flow rate
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Fig. 1. Structure of feedback control system.
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2.5 Introduction of A wastewater treatment plant = Bsta 4l 94 B 550 UrolAs A4
A SFFEAYAIEL 1,200 mY/Y FEE BCS THEE 7 AR olgd ZTAE AMZAsH] s /s 5% ©l
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o
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A AAge AA oA R 65% o] 4S AA T o] }1, 2AED 1 kg AA B *Hlﬂ~ o9 AYASY
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3.1 Diagnosis of energy performance index
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Fig. 3. PI vs Capacity using statistical data of WWTP in Korea.
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3.2 Result of energy consumption monitoring for equipments
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3.3 Result of energy consumption monitoring for unit
process with tool-kit
SRS AZHY Tool-kit TR IAE o] &3t] A 3F5A T
Al ik HZ 397 €8 A ET duUA v &S
AES}AT €4 ALg AEFS &3 JP e 7S sk
EAstgoH, HZ 347 AU @rte HA 100922,
20179 109¢€, 2018'd 959, 2019:d 98¥ o2 W3}5-%Th
g 732 12€~39 542714 50% ooz F7tsh,
AL Bt 48% oW Z FA =L Uk Fig. 79 A A

PI-TN PI-TP

2 ‘ 'vﬁ‘ 'vﬁ\ ' ol \

Fig. 4. Calculated energy efficiency grades of A sewage treatment plant using proposed PI.

Table 3. Grade criteria of proposed PI based on water pollutant removal (Unit : kWh/kgm)
PI-BOD PI-COD PI-TN PI-TP
Grade 1 Less than 6.4 Less than 11.6 Less than 33.7 Less than 306.9
Grade 2 64~9.7 11.6~172 33.7~495 306.9~452.4
Grade 3 9.7~13.0 172~229 49.5~65.4 452.4~597.8
Grade 4 13.0~16.3 229~285 65.4~81.2 597.8~743.3
Grade 5 More than 16.3 More than 28.5 More than 81.2 More than 743.3
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Fig. 5. Energy consumption ratio of the unit process of A treatment plant for 3 months.
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Ale] dHA] 5E8EE B A & 8-S YEAY
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st AgstRen, FrrEez, A8 53

tlolEl7F & B¢ Tool-kit WellA A7 4
B BHo] Jtestth #4 A, seAEE fsl 1,133
kWhe] AEo] 513 Fd AMEEHIL glon, M2EAdR 22
kWh, AFF-A 2 23 kWh, SH]7]50 113 kWh, &3 22 kWh
o] Aol AR FHE Aew Yeiygth olgd 24 9 A
AL HS A9shd AAF oz FHPo FYdHE AFFL
85.5%<1 <F 930 kWholth. I &, AAg FF3H wgxA
Z+Zk 263 kWh, 283 kWhE ARS8, AA 374 AGAEZ
9] 58.7%E AASEL Utk UmA EAAZAHANA
192%, €3A Ad 16.0%, 25 9 &7 6.1% $22 oY

A 2Mgo] w2 AR eyt AENSTES 2T
22+ A F8 9 oAlWA] 4&H] H[EO] 45~75% BE ) A&
31215 wl(Longo et al., 2016; Xu et al., 2017), SiF &4 2
FoA v FF9 HES Holes A& Hol £ dquyX
A 23 B 49 TR 7o Aoz AbRgh Tool-kit
4E& Sl A T8 Hulsd digh A8 &S Fig.
83 2ol et itk &4, &7 BZAA 40%, 537104
27%2 AYAEFo] Mg B2 AR YEbETh g 71E
Axo £HA] AFZE F37NE AF 19%, 5%E 2A st
I 9tk 33 2 AHEE AuA] ALdEgSs BAS 2%
& o tigh iR LHFo] 52 AL & 5 AU
th ole A BAE HH7FsAIRE 716k oA AME
P8 A B v £ AFHE BRAFUTH

Journal of Korean Society on Water Environment, Vol. 36, No. 6, 2020



542

2EE} - o7k - RIEY - ZASR - 0154

Lighting

2%

23 kWh

10.4%

Renewable T
energy E-—'*| Rapid exhaust pan | 113 kWh |
! | —
Supplied | 9694 [Processing process| | ! Preprocessing Bioreactor Phosphorus Dlsm.fectxon and | | Slydge treatment
energy supply H - - r al process discharge -
L GRS EWh 85.5% Operat_mg 27.9 Operat_mg 573 Operating 18 Operating _— Operat_mg 18.8
1,13 3‘ kWh 5 capacity capacity capacity . capacity . capacity
Running Running Runnin Runnin: Running
. : 14.0 ; 15.0 g g ; 19
tfl:]c(trc Etc. (office) capacity capacity capacity i capacity 14.9 1) capacity
4 kV:;;s 2% 23 kWh Load rate | 50% Load rate | 26% Load rate | 67% Load rate | 80% | | Load rate | 42%
23
Average daily Average daily Average daily Average daily Average daily
Process loss energy usage energy usage energy usage energy usage energy usage
22 kWh 263 kWh 283 kWh 178 kWh 57 kWh 149 kWh
(28.3%) (30.4%) (19.2%) (6.1%) (16.0%)

Fig. 7. Energy flow map for A sewage treatment plant by K-ECO energy diagnosis Tool-kit.
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