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Abstract

In this study, we applied ENERWATER to evaluate the energy consumption labeling of wastewater treatment
plants in Korea using the Korea sewerage statistics data. The results showed that the energy label status was
excellent in the SBR process for small and medium-scale wastewater treatment plants and the A20 process
for large-scale wastewater treatment plants. The energy labeling of wastewater treatment plants of 50,000 tons
capacity was excellent. The statuses of metropolitan cities and Jeollanam-do province were excellent. We
analyzed the effects of renewable energy on wastewater treatment plants’ energy consumption and found out
that digestion gas for large-scale plants and photovoltaic energy for small-scale plants were effective in
improving energy labeling. In addition, we compared the energy labels of four wastewater treatment plants in
“Z” city and wastewater treatment plant “X” had the best energy label, and the wastewater treatment plants
“V” and “Y” had to be selected as priorities for the energy diagnosis and improvement project. In a
comprehensive conclusion, the applicability of ENERWATER was confirmed based on sewage statistics data
and labeling can be used to set priorities for the energy diagnosis and improvement project.
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1. Introduction
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A AzZr AR L] AN E 1% FFolL FHolA
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g, &3t 59 duA Aiks & Y A7 FF
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2. Materials and Methods

2.1 Rapid Audit and Decision Support Methodology
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Fig. 1. Results of the ENERWATER RA and DS methods
(ENERWATER, 2018).
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Fig. 2. Work flow of ENERWATER Rapid audit.

KP)E Azteteh A2FE KPIE ol WA 4 2] F(Energy per-
formance indicator, EPD)Z 3 7f3}5lH, stA B A 9] oy
A ZHlgEd WE JFEAE A& FAF A AF
(Water treatment energy index, WTED) S }&3ith HEH o=z
WTELY me} st Al 9] dux] 53& AHgstA drh

2.2 Definition of WWTPs Energy Consumption

ENERWATER #E 37} gl M= sheAgAldels &
H|3 AURE AH O E At &HAE 7|E ouA] Ab
S gt Agan g2 A7) A7 39 &S A3
o] &3, T2 JEE A8 HHVE IEs= AL Table
1ol AAlE ABATE F L5t AGLHFS ANSTh2]
1.1).

B S ARAR A = Vi+ L+ V4V (L)
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4= Q(Cumulative energy demand) W< o] &3tk 12). &
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Table 29} ZTHENERWATER, 2018).

Table 2. Chemical

energy consumption(cec) of chemicals

commonly used in WWTPs (ENERWATER, 2018)

Chemical coniiilrg::rll f(:lr<lfff/gh)//kg)
Acetic acid 80% sol. 10.3
Aluminium sulfate 50% sol. 1.04
Iron(IIT) chloride 40% sol. 3.40
Iron(Ill) sulfate 12.5% sol. 1.90
Iron(Il) sulfate 100% 0.90
Methanol 100% 9.21
NaOH 50% sol. 4.17
Peracetic acid 15% sol. 6.90
Polyaluminium chloride(PAC) 25% sol. 1.94
Polyelectrolyte(polymer 5%) 1.40

: 3}k ol Y x| v E cec;- M, (1.2)
cec; : chemical energy consumption
SRR AL W A3, AP, 258, FY, ARHA
52 B AABAGA B E3(A 13), 9% #9 d5
£8A2 Aelaks PN BAsE oA AL Y L)
=T FHAE B4 1.4H)E T
L
B, sk A g A A A A oA A A ke i (1.3)
i=A
E,: e &8 A A g ol w2 o Y x| Yk (1.4)
— oA 2-H] %
FHtel SrAPAL 5 AAAERE F AYav P
(Gross energy consumption) 2.2 Al4batH (4 1.5), A4
o AR AR AAGANIAE TRl = A 28] F(Net

energy consumption)g A

Table 1. Conversion factor for energy carrier classification (ENERWATER, 2018)

1 AH3HCH(2] 1.6)(ENERWATER, 2018).

(1.5)

(1.6)

Eneray carrier Electric energy Diesel Natural gas Biogas
& (KWh) (ke) (m® at latm, 0°C) (m® at latm, 0°C)
Abbr. V1 V2 V3 V4
Conversion factors ! 11.87 9.94 6.11 x NGC
(KWh/kWh) (kWhikg) (KWh/Nem) (kWh/Nem)

*NGC: Natural Gas Content in biogas (vol/vol)
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2.3 Energy Efficiency Labeling
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Table 3. Identification of KPIs for ENERWATER rapid audit (ENERWATER, 2018)

Typel Type2 If no historical data is available KPI
3 Requires measurement of the real flow wastewater treated Assume WWTP
Flow (m”) . . . KPI1
through online flow meters or similar design flow
Assume:

kg CODremoved
removed/day

Requires access to historical data measurements of COD in the
influent and effluent of the WWTP and calculation of kg COD

Typel: 85% COD removal
Type2: 90% COD removal
Type3: 55% COD removal

kg Nremoved
removed/day

Requires access to historical data measurements of N in the
influent and effluent of the WWTP and calculation of kg N

Assume:
Typel: 15% N removal KPI2
Type2: 80% N removal
Type3: 90% N removal

kg TPremcved =

Requires access to historical data measurements of
TP in the influent and effluent of the WWTP and
calculation of kg TP removed/day

Assume:
Type2: 80% TP removal
Type3: 90% TP removal

Requires access to historical data
measurements of pathogens removal in

Assume:

Path 1 - - . KPI3
afilogens remova the influent and effluent of the WWTP Log 6 pathogen removal
and calculation coliforms log reduction
Assume: sludge production =
Requires access to historical data measurements of TS in the 0.45kgTS-kgCODeliminated KP4

kg TSproduced

effluent of the WWTP and calculation if kg TS dewatered/day

Assume: 40% solid reduction
(i.e. during anaerobic digestion)

BREEZ A x| M3sA Hs55, 2022
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Table 4. Label assignation according to the WTEI value
(ENERWATER, 2018)

WTEI Label
< 0.110 A
0.110 < WTEI < 0.220
0.220 < WTEI < 0.330
0.330 < WTEI < 0.440
0.440 < WTEI < 0.550
0.550 < WTEI < 0.775
> 0.775

Qi mim|g|Q|w

FHATE AMste AEHA FHoz, AT E AHA
BA FBE F JolA da AHEF 3 thLandwehr et al.,
1979)
X 5 ~
B: \/gn' d’ #:m—eﬂ (1.]2)
o: B4 FHUAY, g BLEe] B4t
€: 298 A4 (=0.57721 )

st EPIOl A Al d Y] 7 SEAFE AA Y
A ZvleA] 2R s BAAQ] 719 EE vvtez g
7VeXE F3l WIEIZ ASeh 7HE5R19 ulje 2 gt
A rlde] QAEZ Y Aol stEAYAIAL AUAE Dnt
U 2HlEk L AeAE YERl = FAEA seAgAdY F
8 A 2HFE S8 AAEE grolth FtskE 7HEA
#H2 o 2 1.13& &3 AAITHENERWATER, 2018).

A T A W, = (1.13)
k= A 45 = KPR

w; : estimated weights based on the average energy

contribution

+ 2] 1.149F 2o Z+ EPId] Ftstd 7HEAE 35k
FA8 A AS(WTEDZ A AFHITHENERWATER, 2018).

k
WTEI= Y w,,,.,..- EPL (1.14)
i=1

norm,i

A28 WTEIS} Table 49 BF7|&0) wa} sl A4
¢ A F& FFE ASETEH GEE7/HA &7

(ENERWATER, 2018).

3. Results and Discussion

3.1 Application of ENERWATER
ENERWATER w2 37} W& Il steA g Alded 4

g3517] 8 B =FoAE 20173d5-E 20193744 3703 8t
TE l%741 ARE 7|We g 7 SFAYAAEY 29 dolE
Zste] ALgStA T 20199 shrE BAIE |E02 A
5%011 500/ o]4d9 A AAL 6817140, o] & A
Y 5 T8 9 AR FEEo] EAd o/F7t veRd 30
A& AT 6787 AIH Y AR FF& HrleHATh
TS SEAYAIE Y Al EFT oA 4H] ] B
U9 APATE AES 2o, siFeAIALY F27t F5
E U] &H] 80 EouER AlEY Jux g8 e T
& HastE Ald R wEt AFEHA JeidE e
E5JHCho, 2012; Gu et al., 2017; Mizuta and Sabia, 2020;
Pitas et al., 2010; Shimada, 2010). ut8 o2 slFAg A4
o] AdEF] 55 A &80 o 2 UJe=E (1)
Pzt 427 58 ¢ I3 583 FHE AMEste] 7R
o] BAZL 7bEstth (2) Rtk AR 2ALE AHE &
g3zl 3L o] B o FHAA Fu9 o] heste
oA Aol A WES= AL AP £ Utk (3) A=
39 Asse] FElEth (4) o 22 4 2 $¥E Y
o] FFeth= A & € F AUthLongo et al., 2016).
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T FATE AEE FolE A9 A88E AT g
A9 £ e B § EHEY FHE A3 HAHI| = 5hH
(Jun, 2010), &9 B¢ sFFEATYAEY FE Ee= A&
¥E RS £ 7158 A5 R0l W F sy
ML S00E o4 F2e) AL BF A0 Be A5
g B ALl BE A5 ol FolAA Qo} AR
SFEADALTH oIA £WFES DT o FAFEY A
o] B85HA ZH&3tth(Jeong et al., 2014; National Assembly
Environment and Labor Committee, 2010). £ AT & 9]
o 22 HE aelste skEAEAlE Y AEEFEE oA
587 BA4& Fd5ATh 248 steAAE 2 A&
mzt 19 A E&F S E ol d~11 E 7k 11 E ol 3-54
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o
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E HE 53 E old~1wk £ HEk 1%k E o] g5t = mlek
sak E o]49 57/ agoz EFaath

225 6787049 X Ade wE B 9w wat
2HAY 7)E oA AHEES st & dTFelA =
27} SR EAE B BEE o]&T F = FetEA
o oz ’\H]Q} éaiz] oea)d] W ofx] AHZ
A S 17 E39+S 1 ste] A"ALgTS A st o
ZA 2 ATl A *}%01 AGALEZE AFA2 4 21 2 4
229 2t}

FAHANF=F @.1)
CHAY S =E - F, (2.2)

s BA FAE 7wez aFstE A AAY
KPIE Alstdnh Altbd AA steA Al & FAFE A
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Table 5. WWTPs’ characteristic in “Z” City

WWTPs Capacity (ton/day) Process
WWTP “V” 125,000 Media
WWTP “W” 275,000 A20
WWTP “X” 350,000 A20
WWTP “Y” 65,000 Membrane

Table 6. A comparison of KPIs based on Net Energy for
WWTPs in “Z* City

WWTPs KPI, KPI, KPI; KPI4
WWTP “Vv” 0.32 0.48 0.05 0.89
WWTP “W” 0.32 0.21 0.04 0.74
WWTP “X” 0.23 0.21 0.03 0.52
WWTP “Y” 0.83 0.72 0.11 1.09

Table 7. Parameters of Gumbel’s cumulative distribution
function for KPIs

KPI, KPI, KPI; KPL,
I 0.8085 0.7198 0.1144 0.6292
p 0.5822 0.7057 0.0820 2.0804

AEFY AL v AR 22 A1 1Y 5% E
o]4 A|HES H|Ws] ENERWATER W9 & 71548
glstat At F sk A4d 9 FE = Table 590
A A5+

Table 69l “Z” Al 32249 & AE 7]F KPI A
2 ARE AAE Atk

T8 39 e et AN AANEE E&5HH F st
EPIZ AZtsteh 2 AFM e AA AL vusg
el B A" 678704 A]A e KPl HE EHE ¥E
B8 AAEFw 2 FHAAFPE FH A H(Table 7).

AAE «z27A] SFFEAYAAL Y] KPIE A 73 B FF
Aol w2t JA st Ald e EPIE AlMtstie ot stet
EPI Al Z3}E Table 89 YehAATH

Table 8. A comparison of EPIs based on Net Energy for
WWTPs in “Z“ City

WWTPs KPI, KPI, KPI; KP4
WWTP “v” 0.29 0.79 0.32 0.71
WWTP “W” 0.31 0.05 0.28 0.54
WWTP “X” 0.08 0.07 0.05 0.23
WWTP “Y” 0.99 0.97 0.98 0.86

Table 9. Weights of different KPIs according to domestic
literature (Park, 2022)

KPI KPI, KPI, KPI; KP4
weights 0.3264 0.4113 0.1043 0.1350

BREEZ A x| M3sA Hs55, 2022

Table 10. A comparison of WTEI based on Net Energy for
WWTPs in “Z” City

WWTPs WTEI Label
WWTP “V” 0.56 F
WWTP “W” 0.23 C
WWTP “X” 0.09 A
WWTP “Y” 0.96 G

ATtsket EPIE 7H5XE ol &3] WTEIZ Atstdt &
AT E AFATY S sheAZAIE F2 71719 o
Yz &2HgS FHsHY 7SR E AlLerA th(Table 9; Park,
2022)

7+ VA& ol &sl AA srAYAAL Y] WTELE Al4tst
gom, AAlg “z22 Al FEAZ A S WTEISE Lo w2
AUA 579 AFHE Table 100 vlRSFHTE “2” A9 A|A
B 19 5% £ ol AYAIEY A 5F Bt ZHE
E o, «X? SFAGAALY R g&o] 7t S5,
“v’ g y” SEAEAA Y o] 7] PlES AoE B
A=At

olAH AMUR FF AFHE B 5 AHA4A 39 <Y
A LHlgEe] WE vlurt bestth 2 AlE dE B ),
TR} H2ALANA FARE “W” 2 <X sHHAH Y 3
2 RS B3 AlAANAAE Y 712 AEE 83 qlth
EE duA 3ol 9A U2 AEE o AP A
A uA JAg 9 A A $AEAE AFske 59

g 24 ARZ B8 7152 Ao AR,

3.2 Analysis of results by Net Energy Label

2 AFAM = 500/ ol TR stEARAES Al
£FE 2 IF353 5, ENERWATER W2 37} S o] &
3 A 55 Brlstdth 2 F & 1Y JIEL® gt
H dyx s5o st AYAEY F2E, AEFEE, A
JHZE Aol E A AT

Fig. 32 dlUx &3 2FHE Tt Ar4EY 7=E
2ol & BASIHoH, XFod = A rdY AEEH, Y
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Fig. 3. Distribution of Net energy label for WWTPs capacity.
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3.3 Analysis of Results by Renewable Energy Source
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