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= Egstal o, olgfjt Y Al=HlES 44 FyF o AAHIY. oF A
E&3 A2 (Urban Water System, UWS E+= Urban Water Cycle, UNC)2 &3+
(&, B A=) 2 A F, st A2E)E AT dAHd =8-S THLE 9

Fojx  dom, UukH o R FHS(abstract T intake), E-F(conveyance and

(supply and distribution), &°]-8(end
use), I3 (wastewater collection), 3F<+*]2](wastewater treatment), Al ©]-&(water
reuse), ¥ (discharge) 5 ©9 FAHOE FAHFAAYY. o] ‘:/\] Edgoles H
7EA NEA olgre] HE|RTE BEIE Al2HY B 23& gtaolor . wht
A EEAQ BA Y E faiAe AeRtE] 58 B4 1Y H ofF stH, ©f Yo}t
AR et &4 FE= A aHse YA HIH o] st

transmission), d<* 2l (water treatment), -5 (s
:’
=4

IAEE A (EAN =g AzE =54 #9E AT =-duA-23 I AT,
20209 = =4 ==Y E-dyA-24 2dS Ao, A = 3
BolA =, oA, &4 kel A ALEH H ol Fe ATHLE AFsAT. =Y,
MEd wdo] AES F 28" W g A=

o WA BN BEA B A

AT AF(E-UA-BF WAz AT =M, PIF D PBe T =
A EES Az"e] vAE 9, 202D AR ATE gl WAL B
NA =X Be@ Axdel EeA we A R APAYL =Sk ol F 99
NE BN ANY BA BEH AzEe] I UA AUNEE 2AS] U]
AAAE HEY2E TEIGOH, A2Y Toltn2E Hgstel BN Bed A2
s RS DESHAT, EANA, 9R9F L e Ed e 54 Bad
AzEl Mol BoldA ALgF R ASELS BAstgor, AEHoR WA =
A AT F A Tt Egkele AAST

1, 29 AT E B4 BB AzE A%S Gz Bl e A 2 A9
48 Azl Fh9 BU ARG zaYd AwEd dEqoR ANGAG. ANE A
g3 daAAe] AR e Har] sl AR =ASe] Ad BAL Fal AAE A 9
A Aol BE A7 FA2 Basith ol Fa A7e] =49 oo B
L ogge FAHOE AA FsT ol
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21 EA B3 Al2"-3 YA x

A7Ee E& AHE3st7] S8l A0 E¢8 A4S ©HEY, ol EA EF Al2EHS
T3 tH(Bagley 5, 2005; Chhipi-Shrestha &, 2015). ©]#3t TA] E3 A|2E2 37
A4 A 2®El(drinking water system)3} 3}4 Al 2~®l(wastewater system)©.E  HA T

Be 4 glon], 1 AREAge [0 2o A®E wsh go] A4 mde A,

I3, A, SHERE e, Aol g, HF 5o BASe] drk

Drinking Water System

jus)

a8 2 A B3 A 2EHo] 1A

71Ee & Eof AY#E gAZEAHLS 3 ZydYars A5FHor E REY 13d
SHE JAIHAS AaAen, oyA, A, EX, 2 &4 FEEHY F3IAEE 1L
A7t HA Ut ol BE 7He] A o]FY HJ{T BAE nHEA ool Adol&
of ~2E#~E B 4 JoHPittock 5, 2013). LHZ &, dUA], Y Eokel nygd A
g2 YEstA ¥ AARE xYsta =, YA, A% Ad ALFSE FTHAA AAE
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AE AolFEr] wHAM s olUA Feksel whlo| chEriedrich, 2002:
A BES Ax"Y BE R R AR w9 TR AS

o] THI AHolAM =o] ¥

= =1ge, 2 =
dAA FE L 7h, A7) Ak SEEHLs 3, d7lE A9 2 oodA Ed AR
ARgol 22 dde] ouA A 3AHA dasit Mg Ay T =2 A A
& 90 avdEn. A7 4, =2 AF @A FE g, AA, 29a gE 3%
+F Fol AHgET. A7k = '@A B AlF A AP E Hd && Easi
=3 oy A e BAAE M= BHNA olFfsts A2 A v A2FY AE7beA
o Ta% 842 5 F 2 F An. =, duA, 47, EA B 4 B T FEAEA
gl Ao o]F e ARIE e FE e AYA e Efolmexet REE HA&
Gl el & 5 d=d ws Fas F, dUA e} 29 dBAE olsistH <y A
o} &= &HlE Hadeta @7 wMiEe ol H =wol 2 5 Ao old wek HT E
W 5k B9 Ad rERistet 22 = #d BAES N A8 =4 55 Al
2~

Ho & A AAZE 1Hst7] AlZstd thHuang 5, 2018).

A 23 A" U2 IAPEE HuA 214~234, 2285 BaA 21483 2.2

Aol zHAlskA 2 E o] AT



22 A8 AF439 L A

Yz g =4 B3 Axde ddd A AAE 95t 7] 34 1, 2%
Ao Aol 3apds Ao #AE (29 315 2ok 24 ARE A BT A
28E B3] 9% RS 7EHIAANCAIE A9, EA B A" AF(E-
AR ALg I ol F)ol HXE FF/AS BASAT aEal o) Fa) Wi B
A EdHE DS 47 AASAT
{4z QRHE JRUE
| I |
I ES IR ‘HJ Ol A ungam‘f
v YHA I} RIE HA| T[) i C--[7
v S04, Ol 1y o SUTTH A AH S
v gaNEesl Nan o 6 RTES N -
il | PR i Z2g
HEL C I, ) il
v HIE01 70[S 210l A ‘]’ v U R{RHE Aok
v AT AR
v ACLHOITISAA B3| HE Ged 12 G
TEIMYN ERY B2 HS @89 . )| AAH 2 AIZETIE 7|8} A& p|AE
HA _ Tk & S
H TJ i o e
a9 3. 1, 2, 3dE AdF F3 Z AFATHA
IAEE AfdMEs EA B3 A2E %—OHHXI—E'W&‘ s mde 7]Ee =4
B8 Al2d oy s mde B3 A A & duA JARAEE YeEde &
4& B35 ?%ﬁ%lﬁ‘r HE AL o)F 2 A}%%‘E% gsatr] 9jste] &, o
Uz, 87 AE2 Zh7t EdAbar(water footprint), ¥ oA AM8-(total energy use) %
&4 2}k=(carbon footprmt)% Agstdnh Jidd PJ*“’ Zgstod 374 =4 oA
AUAE BF (8, BE E9H 4l BEH A Bel, we BEA-ve 7
BN, B BEA-NE PREAN, B BEA-EL YREANE 1HF 1279
AUdg e B4e B3l EA BEeS A2ge] oidd nE HEEAY dEde] 4TS
A5t O A 7|29 FEAGAE AAZJA S8 T4 qAAAALNNE =
S BEEd-Ee BEEdY AU B #AY AT Y 2 FHE A9y,
dazs BN E £ BE4-9e gEEde A9E $How ywstor & &
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ANE FA =ojFHExcellent), £2(Good), =A &

9 TR solsale AASAT o9k 2 BN, RIE B
2YES W Adele B4 Avel WAy stolSeele B =4 Bed AsY
A oA AFPAE BAS Azdo] of®il WEPA 5T 5 gom, oo we
E8H AY P T2IAL FYT 5 Atk =R, BY oY SN A B4 Bep
AzEe] BoluA 9Az B Al EEH ol§ £EFL stata A A
te =As vastsd 8% Zolth Lem Aztel e =AY £ WEe AFL
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23 TA E43 AJ2EH Eooyx dAA Z29YF

Z 2 (profiling)> A5 FF o] Ao Eolloy dAeE HH, 95, ZEIH, U
e T TRt EokolA < skl A ARSEI Ao HE ZE9ddY
(criminal profiling)> M3 A4S A& HAY 538, veol, 84, A4, ¥ TS F
3 F olF HIEOE WS ZolYe FAF ZIYelth. i ZE 1YY (medical
profiling)2 Y7JollA 717 T/, dHS, AR, dFAH FHo=2 du 4

A
o ANE FEY & U 54 dE AAWE 2FAA AASRE AP, T AR
2
o
L.

~

z3ste] HAbshE Lo HAslely] Yo Zeaw ZEud
(program profiling) AIZE, B3 BEREe B4 wWHEHol AL, T 5
o] HiZel 7] 58 F45te AZEY Y Aey Z2a9 AF HH 5 BHSE=
4 z=Od B4 @ : S| °
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S AAXOZE F<l,

H

Lﬂe_ﬂzr E}Al qAste AL 7|vro g 3o

Metabolite
Profiling

iables (axes PC1 and PC2: 60.89 %) Observations (axes PC1 and PC2: 60.89 %)
10

Al 5
F4 7N

AntiOXidant l‘ Pa6 » % 5 \@)
actiVity : azs il ::I;I‘Iil'l. :

P2 [ Rr® [| IR 1o \ N i
. K, wcl | ———

: q - =

ps " Ly fe ss ?

8 \ HOACE | v
2 \\_ -ilil S /

s Pe1 a0 %
POL44.01 %) ¢ }

O% 4 gAER Z29dE
Z4: Kim 5(2020), “Metabolite Profiling and Antioxidant Activity of 10 New
Early- to Mid-Season Apple Cultivars and 14 Traditional Cultivars”

ojo} 2 ZEWAYL EA & A2 YA #F 24
B AFelMs = AHEFH dluA ARSEe] AR Ase 4
AN z"l Z-olvx] dX 2 Z=utd g (Water-energy Nexus profiling for urban water
system)= A Astow, i 71 Ut FAAAA G AlzFol A8ste] ¥
of B33 @A BAAAA F A"l i Az BHAM E4 S FEske] Al
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__________ Semi-treated r g
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Energy Intensity Before Outlier Treatment

Energy Intensity [k h/m?]

-
3

2010 2011 2012 2013 2014 2015 2016 017 2018 2019 2020

=5 9F AFY A0AY AEF, o§E 2 15S

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Fai A
AHEF [kWh/year]
2
ol 8-&(F) [%]
R

76.4 81.5 76.9 74.3 90.6 76.8 80.6 94.1 90.9 83.9
7H-&(ZH) [%]

6886/6 | 6720606 | 646,758 | 688RID | 6310559 | 601883 | 632396 | 655596 | 638143 | 6520313

70.0 70.9 64.3 65.0 63.4 60.9 68.8 74.8 81.4 73.8

2017 AE AT E BAARSY] 2F FES HES 27 [28 12]dA9 2ol AT&EST

= Ao=® AGHAT. wepa 20179
AE ZZAXNDAA Y HAF&ET 2 AFAHE&ET THY JEHATS HES 2 [ 6
I [EF 7]l A9 2ol dHTe] dEAEd /I des & F YT AHTE2 79
AFZONE, -, &, T &5, AR, HH)S IR o, HE FH5AE 20184,

|0 AR HFHL 20199 7HEsS FEEAT 20179 ARE AL BE H5A oA
AgE HER ADAFAETFLS 1,674,665 kWh/yearol o, 20183 FH44 AAE

A F T 224,069,320 kWh/yearo 2 Hoghe] oF 133u) ool ko]l A= ULh
metx B AFAs dHdTe 20179 A5 A Y AR 20161 7 2018 9] 3
TEE 19,949,323 kWh/yearS &34 th dAFE dH A+, &8 A5-F, M=E 3
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T4, AR ALH, TF AT, &5 BT L A FFEE T3 AFE oA ARl
A st Jew 2012d MNa" ME BFES 20189 7hes FASRSH, A B A
TN & AT 20199 &FES TSR AT 2017dS AT HE A
TDRAHARFE 1,263973 kWh/year®] Badte 7Fi o, 201739 T A-H Axbd 9
AR8-EF2 183,757,230 kWh/year® 2 33ke] 14581 o]/te] grol A=A & Aol
Me g w2 2016 20179 9] H kSl 1,624,476 kWh/yearO. 2 & 831 #4139
}.
Energy Intensity Before Outlier Treatment
12
< 06 \
a\\ / ..
02 S / et
\.\ e —— = |

Intake & Conveyance +— 2 45 E Water Treatment & Transmission —o— 3 AEL Distribution

iIAKJ
obEsl Aljg= | 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
[kWh/year]
EEESS 0 40,268 | 140,312 | 151,199 | 107.910 | 117.130 | 12695920 | 71,354 - -

(& ESES Bt 855,293 856,250 1,053,202 | 1,020,587 | 1,074,612 | 1,168,409 | 135611540 | 1,163,351 922,256 864,556

L5 At 113,940 106,489 119,800 108,380 115,917 126,739 | 14815920 | 183,889 147,461 138,253

EXESEN Y 180,415 | 153,834 | 152,714 | 136,657 | 134,464 | 160,985 | 18226130 | 165,164 | 186,439 | 192,226

LR pAF 145,045 141,498 145,032 150,298 170,756 197,461 18,926,590 | 172,223 81,228 -

NEEES 100,214 | 105,548 | 117,697 | 130,900 | 139,737 | 157.978 | 15694970 | 141,382 | 81,905

ZRAF 2% 58,526 61,675 67,982 63,654 63,869 75,065 8,098,250 88,735 96,655 86,470

A 1,453,433 | 1,465,562 | 1,796,739 | 1,761,675 | 1,807,265 | 2,003,767 | 2408930 | 1,986,098 | 1515944 | 1,281,505
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F 7 QHT B A Y AT
=y
R A8 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
[kWh/year]
o A 2R 855,293 856,250 1,053,202 | 1,020,587 756,496 1,168,409 | 135611540 | 1,167,336 219,030 1,080,695
LI SX} 32,295 29,100 30,603 27,288 26,979 29,794 2,869,960 30,903 29,725 36,640
RS T 105,722 117,162 124,623 118,538 127,553 138,852 15,807,320 163,098 187,384 165,696
NER SR 0 8,033 19,316 20,513 19,975 21,886 2,681,130 21,789
PN L~ RS B g 25,597 25,123 24,169 25,413 25,559 28,653 2,416,010 37,013 19,452
B ) S Eav g 41,710 44,145 38,839 39,836 37,752 36,361 5,444,680 34,687 30,543 30,859
LIRS A} 145,045 141,498 145,032 150,298 47,943 197,461 18,926,590 172,713 19,291
,205, 221, ,435,7 ,402,47 ,042,257 621, 183,757,230 ,627,5 505,425 313,
Al 1,205,662 | 1,221,311 | 1,435,784 | 1,402,473 | 1,042,2 1,621,416 1,627,539 05,42, 1,313,890
Aol dud A71(20161d), 4L (2014), B H(20179)%] ARE BA g F FAAAAE
o =
1093t F A"l E-ol|A] ARSFe [11 18] vEbd viel Zom, RG-S S W
B3 JHAES] /e O (e Aoz dFEHA

1,800,000,000

Total Energy Use [kWhfyear]

Supplied Water

FAAAAE 1047
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