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SUMMARY

1. Project Title Subtitle

Water-Energy-Environment Nexus (4th year): Al-based Analysis and Evaluation on

Structure and Function of Urban Water Cycle

2. Research Period

2023. 3. 29 ~ 2023. 12. 29

3. Objectives of Research

In this study, we evaluated and validated previous research. We wused system
dynamics to assess an pre-established urban water system model. By utilizing the
distribution of parameter values from the energy intensity matrix from 2" year of
study, such as energy intensity and water withdrawal, we aim to analyze how each
component related to the water-energy-environment nexus is simulated in the nexus

model. We also seek to examine the similarities and differences in these results.

Enhancement and improvement of the energy intensity matrix for each process

in the urban water cycle system

Virtual analysis of the water-energy-carbon nexus

Re-evaluation and validation of results by city

Assessment of applicability in natural ecosystem-based water cycle systems, such

as small reservoirs or environmentally friendly storage facilities in urban areas

4. Contents, Scope, and Method of Research

A. Analysis of Previous Research and Reinterpretation of the Model

- Enhancement and improvement of information on energy intensity and water

usage by process



B. Reevaluation of the Water-Energy-Carbon Nexus Model

- Generation of virtual data and evaluation of results through Monte Carlo
simulations based on water usage and energy intensity for the urban water

system model

C. Evaluation of the Expandability of Nexus Research Using Al-Based Data Analysis
Techniques

- Data analysis using Self-Organizing Maps (SOM)

- Identification of correlations and consistency with the guidelines presented in
previous research through Al-based data clustering, and improvement of

effectiveness

5. Research Results

A. Enhancement and Improvement of Descriptive Statistics for Urban Water Cycle

Process Evaluation

- The energy consumption of each urban water cycle process varies depending on

factors such as regional infrastructure, technological level, and climatic conditions

- To reduce the energy consumption of water cycle processes, the introduction of
efficient water management systems and technologies 1is essential. For
improvements in these areas, it is crucial to technically and statistically organize

the energy intensity of water usage by region and type across various cities

- In this study, the urban water cycle processes are categorized into overall water
cycle, drinking water supply, wastewater treatment, groundwater intake, surface
water transport, natural water intake transport, and water treatment processes,

with improvements made to the existing statistical data for each process

B. Virtual Analysis and Evaluation of the Urban Water Cycle System Nexus Model

- Analysis of the relationship between the interaction of water and energy,

opportunity costs, and key trade-offs between factors such as energy and water

- Nexus research is important for understanding the interdependence of resources,
sustainability and resource conservation, the relationship with climate change,

increasing the efficiency of energy and water, resource management, policy

_Vi_



development, economic impacts, sustainable urban and regional development,
fostering international cooperation, and solving global problems. Ultimately, it
plays a critical role in understanding complex interconnections and proposing

efficient and sustainable management strategies

- Using the Latin Hypercube Sampling (LHS) method, dependencies and
correlations between variables are excluded and generated, followed by analysis

through Monte Carlo simulations

- The data used in this study for analysis includes ten parameters: hot water
ratio (WHR), groundwater ratio (GWR), groundwater level (GWL), transmission
energy intensity (EI_.CON), water treatment energy intensity (EI_WT),
transmission & distribution energy intensity (EI_TD), wastewater treatment
energy intensity (EL. WWT), water footprint (WF), energy consumption (EC), and
carbon footprint (CF), which are analyzed using Self-Organizing Maps (SOM)

- The analysis resulted in four clusters:

Cluster 1: Generally high resource usage, with relatively higher energy

intensity per process

Cluster 2: Relatively low energy intensity per process, leading to lower

water footprint, total energy use, and carbon footprint
- Cluster 3: High energy intensity in the water treatment and intake processes

- Cluster 4: Most parameter values are low, and the results show the lowest

values overall

- vii -
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A mde A5 (AS5/ARS), 2455, A5AE, W35, §5 A
FE5AAER), A5 A5, A L BF A4S Fo Agow nesdk

& 4 2 ABESE PRI, B AT A
aeetgr) WEel FUeFe FAESE A

2, dyA @ 873 FES 44 AFHoR FA3517] 8] WA, F oAU A AR
Fo A ATS AR Y. EUAa2 BA S8 JAFGAA Ay B ARFTE
A F(We, Wsw), BFAE F st 3H-AA ARSHE oFFo] A A &ARH &
(WFwre, WFwwre), 282l EA] S8 FAHA LRE AdUAE Aitsted 2o
9 F(WFrotal Energy) S HOE AFGEAT & YA AMEZFS At AT (Ea,
5734 (Eo), AF4AE 34 (Ewr), W= #F(Ew), &5 A8 FAB(Ep), st #
T B34 (Ese), A8 A (Ewr) 2 BF FZ(Ep)ollA AFEH= odlyx]et F4A g
2 st o] AMEEE oFFe] A Al AREE oY A F(EEwre, EEwwre)S LT 3HA
o gadAtae A B A AR oAU A= AAitsted EAE olibstea
S 7 F(CFrol Enerey) & BFA 2 B sh5A ol AHEEHE oFFY ALE A AR o]4ks}
&4 S7HEF(CFwre, CRwwrc)E &8t ARtstAT 2 4].

Drinking water process ) Customerwe @ Wastewaterprocess 4
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22 AHEE R R

FoUA-87 AL 2AIE BTN TES BA BEB A2
JHAE MER A Fo ARE AHESAT dUA duAEE
S8 A2 FHAAN Be f9Y ASHE Awe on

Els
© 25AF8-H] & (water heating ratio) ¥} X] 38}
& (groundwater ratio)o] XEStElom, oY A] JAEAIENAM= AstF S92
(groundwater level), X-%<(conveyance), 438 (water treatment), ¥} -5
(transmission & distribution), 3}4~* 2] (wastewater treatment)’} 8 EF=2 HA =
Aok wpR|YGo Z FFEEoAE HEE A (apparent loss) ¥ A2 (real loss)¥ F4&

H]-& (non—revenue water ratio)S F8 ¥E 02 FHPY[E 1].

H 1A S8 AL =Y Fe 2

= B

Water heating ratio (WHR)

Conditions
Groundwater Ratio (GWR)
Groundwater level (GWL)
Conveyance (EI_CON)
Energy Intensity Water treatment (EI_WT)

Transmission & distribution (EI_TD)

Wastewater treatment (EI. WWT)

Non-revenue water apparent loss ratio

Water Loss Control
Non-revenue water real loss ratio

23 ZHIEZ A EFY o)A BN

EH 722 A Ed o] 4 (Monte-Carlo Simulation, MCS)& F29] 2 HhE&q 4 S
PRPVEENY %H s ZAbehE oz A2z A T £ £ =o|vkjohn
von Neumann)Z} 2E}tj2:9}3Z g2 (Stanislaw Ulam)o] &3228 3o JALEA S
A7) fls) AR Ed ADSE fFARH A9 aavt B2dY e g 4
o]7] WZol EUZH(Monaco)et= 1 7HAx =AY olFS WA WHEHAH. MCS=
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L1 B Hxz | Hawn | A%
o Water heating ratio 0.01 0.02 0.03
Conditions
Groundwater ratio 0.1 0.5 0.9
Groundwater level (m) 20 40 60
Conveyance (kWh/m®) 0.2 2.1 4
Energy Intensity Water treatment (kWh/m?®) 0.2 0.6 1
Transmission & distribution (kWh/m®) 0.2 0.5 0.8
Wastewater treatment (kWh/m?®) 0.3 0.65 1
Non—revenue water apparent loss ratio 0.05 0.15 0.25
Water Loss Control
Non—revenue water real loss ratio 0.25 0.35 0.45

24 734 A7}x 2 8 A & (Kohonen Self-Organizing Maps)

2 dFdAME AAE —/F?/] HE Aol wet U, g BFo tisEgel ¢
o, oAU AAEE, 2SS =E3) FZazyl  A7}E3A 8HA] & (Kohonen
Self-Organizing Maps)E /\}%’8}04 Az E@ﬂz‘i}:ﬂ_ BA 6}031:} X}7}Z?ﬂ§}x]
(self-organizing maps, SOM)+= B A = AR~ z=
S ALY 2= (grid)oll AZ=FEZ A Fstste 7]
Kohonen®l| ]3] 7= dch SOMS 11zt el HolHE ]
A 4, FRE 2 AIAsE 7HsetA e, T RsE

s 35 F de 5Ao] stk
A A 71=lo] ¢k} Samad & Harp (1992)

o
= = S8 ARt FEHPNN 2P AT 2R 4
52 283E 2ol o £2 5 Utkn AASHTh bbou (1998)E SOM EFA ¢
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A% A4S 202 ALESE el BT AAS

-

SOME QA TeE o fuloz FHE 293, 12w HEA ME T4

of A" 6] dEHARY 7FeA #WEHOY AZrt 7 #S G E BMU(Best
Matching Unit)2}al F2©, SOM2 YEA59 BMUE 7MAl A&EHOZ HJulo|ESH

ool HgS AoE SFA wESAY, § ol dHolE BaskA ¥A HdE F
SS9t SOMo] gH°|E H& #AL 4 119 2Th

wl-j(t+1) = wl-j(t) +a(t)hijv(t)[wij+x(t)] Al

input vector
a2 6 SOM A=

olmf, 2= + AIFE AHAER, ve AFLE i jHA VA WH, o
3 09 BMUSLS] AZE AYste W& (neighbourhood function)©]

SOME 1% AR7t G e Amol g BAPE MARdEUEel 4%
3L I Lg_

S He B W A wSE AR REE ssu olF AxY 1=
e 4 olthe SAoR s B RobE W 0Ud Ropld ZRRAL A

[Z" 7]9F 2] de] AHSEH
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T2 7 SOM 2AM Al|(XIZ: Peeters et al, 2007)
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A3 F Ay % uF

Eolgte Zlo] AT of 70%E Hil 7] Wi, e N FTHE Aolgn
A4 5 AT, 2 FAME A 7 AHE F e FAYS F5(freshwater) =
w-- Ae #Folth ollg #HA FAAE ol&sty] A vhFd Wy H 7]Eol
MEEo] gkom, FA4L9L o8&t e I oAUAIt Furd
AEFE AEHoR FrtEe FAE BAG[2dE 8l Egh Ho
715W3l, aga olhtt 7EY-S YoM e SauEATE FAYD o] g glojA
ARA ZAE AdsHA nHstA e F fle FZel o Atk

2000 - — - ==
t:‘"'h
£ 1500+
wm
[ ]
L
[1}]
E 1000 4
=
[=]
=
@
o 5001
=
D-
2&04 zﬂﬂb 2 ? 2008 EILJ{JQI 2[]1{.‘] :E[]i 1
. Raw water . Treated water . Produced water Water sales

08 8 =32 AILH0 IOE SASE AN JEy

B3 duyAe #AE olsiste AR HEo], 9 U uA #EE st £
olg B A #I FHY oA Hrte W FaG FEH, I BalAtolth
HIZoe U737 2 AGA At wdo] wlkH oz oo wil, Ao
ek 2H7E F438] Frbskar ok wEbd 3 Ha A E S A7) LT S8tk
Atk ol olfret A, FAA o8& B AE MAHE] Astd AR 7F 2

gA 50| Al A== SHrh(Babel et al, 2021).

dutx oz AAstex HYyge A P4 A &F] IRNAT FAFHY] i
qUA 2nlE A wetM T vl t2H, ARole 2 AlE WM& Aolrt A
Uehds 397 Boh a8la s A A3 FEAldd wEiA oy
JEIAEE Aoz wig =rh FALE o)&3te e Astest 2357 FL

_‘|5_



S glolt}.

Aot Agole FAAEHIE Ao R F5Etr] wiEed, Fe oyx HlEo=
o]-& 7hsstthe Aol Aok sHARE 1 o] wi AH7] wiiEd FESHA o] &3st=
Agoe B84 A ArAstet 22 F28S DA = k. vhde A3
Agole Fdo] Astgel HlsiA FHo R w9 "ojx 7] wjiFd, o B FArt
dosta weba t B2 AUYAE ARESY HTole 9 (water sources)S EE]7]
sk, siFE FFstste VIS Esty, FAEY dRe dF 2E5sE FIl
TEH7IE StARE, 7P duA HAH F3 FAHYHge WL ol&ste Hol
NoA o= mHET Qo

=2
It o 2 FaY FF JoiA B Els

g o AdUAE aHlste ACE dEA Ank =Y, 2H<Ql, ojge|oY
oA Az A H MY oAUuA e ol ZH et ™ 9] HF
AYe S 71F 2Fe Aer Hudw dow, HA 0155 kWh/m®, A 0.697
kWh/m’¢] dux] ZFeg 713 $& Rog EIAXAF FAch 2#H¢e HA4 g 3
20 0.047 kWh/mPolal FHu) &M #ES 0905 kWh/m’o2 YEytth olgg]o}e]
HA AvlZEe 0485 kWh/m’o] A8 Hd AwHES 2971 kWh/m’E2 SU 3 A5 29
Wt AV FET 717 489} 38 =2 o2 HIEHIL th(Paraschiv ef al, 2023) .

fag

= 0.8
% 06

o : J ‘E' : \;)

d Germany @ 5pain @ltaly 9China @5UA

a8l 9 sx{2lof cHEk oflLdX] IRIAIE| Hlw
(=4, 25el, olgtz|ol, &=, 0|=)

T3 EAREC oA FEorAlor ITbel A AL uhell w2, Fo i AR
Eoll digt A viszstA behde 202 deA A, EAREl g gEe Q1
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Hsjele]  whehA
ZAME YEgTh
o] AtH(Babel et

ARG oIt Bohgre] o] FrEAY gadte ATl Yo A
T AFE AUAY g AR HAAE fAA et 3P
al., 2021)[1¥ 10].

27k o8l dEte A%E QAR AAR AAY AgEE &
°]

o o
t &

o
5

- 0.42
- 041

Water Volume (10% m?/day)

o o o o

© 8 8 B

Fer-capita water consumption
(m3/person.day)

- 036

T r {}.35
2004 2008 2006 2007 2008 2004 2010 2011

wew Water Sales o Water losses  —e—Per-capita Water Sales

Fig. 8. Water sales {consumption), losses and per-capita water sales.
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I 3 ZA S=8 AI2=-0AMe] oHA] HE 24

) Effect on Energy Intensity
Stage Factor Variable
- +
Climate Availability Strong Weak
Raw water | Geography Source Surface Ground
Geography Distance Near Far
Socioeconomics | Water quality High Low
Water .
Technology Treatment equipment Old Modern
treatment
Technology Treatment process Chlorination Ozonation
Geography Topography Gravity—fed Elevated
Distribution | Socioeconomics | Network size Small Large
Technology System condition Old New
Geography Topography Gravity—fed Elevated
Collection Socioeconomics | Network size Small Large
Technology System condition Old New
Socioeconomics | Use & consumer type | Domestic Industrial
Wastewater | Technology Treatment equipment Old Modern
treatment Anaerobic
Technology Treatment process Trickling filter ) ]
digestion
Q) & F&: At FHAA ES FEFv AFL=Z, o] HAoA FEZE AMEFH
AUAE v, UTA|e Hfoe dwtygoz o] dAA et Ay x|7}
2R g

2 AT A": F=2E ES AT AYsty IHdS 5852 tee Ao =, o] HH L
38t B A8 A dg @AY ZEE 2 A5ES T3S, odyA] AH|7t
A= =3t
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% olEHgANM £ESE NUAE A B getAs] fE, JUA =
9 &ulFel o7k vhe ouA vl FHEA v b Ho,

, ol AN A

Aol
A AulZt F7teteE

N

@ A& ZHgolt Aol BS AgEE © )
ane gAY, T gl BESE ggHo

e

oM,
e
5

0.

G A% Az Asd B Aeiskd Bl wsA PEsE Ao
YN E B AA £RFv, 53 48 el ek At EPE

6) AL L Aol AR =AMNE HFE AFZLI O ALEseE AlAEHS
T=Ysta o, o] AR o7t dagd, & Ajolg 7i&oly W
wEtA] A Z=rF 34 291" 11].

| I Water Raime I
|

v . ’—'ﬁ .
1
BT " Potatia Rousn
| Man-Fntis s | | | Groundwator Rouso |

3 * »

| e Pobatis Feaisa [ | Indiract Polabls Feues | Groundwater replenshmant. safing'saa
] wanilor horriers! subaisioncs proboction
l | !

L)
| Bl i waror L:I,':'-{-::i. LT:;:::{“T Surtace wilir Grouraw i Engirued
Nugply Feservi e I:»dh..\h'll‘!a EnifTior ErtifTior Eniflisy

| l + L L l

1
neutral CRfwir uses such &
ﬁvlgmqnhun ‘ Landsaaps frigation Rassidaninl g [ Urtrandcrno Usas eachums el Lten ‘ Recroalonal use Sofesinyinommshne ‘
[P | _— I S
o004 Golf -
[T ft o COLTSES, parks, Taiied flushing e protsction, . . P
pasTEE, m;:lf": iag gardan, graen ks, gardaning, car commsarcial "’:xu h.T":'r Lakas DI‘I:LI.I"I-;' Jbl'
fcadbaln LA rives banks wathing appiication such s | | - belams an s, fountsr
oot . 3 vanoes rolusingl [ s B ]
4 schoolyarcs. play lgirsdry, haghrg cal washing, s T
groumids, furfs | crmififining (RO Wilhe bl e y
Eood ruTsarias consiriction work, i) X
Crops (nos maoe chiarmg [HOCREET,
whaal, sugarcons S8 IrIIIEIJ.u'IIh:I'l pwenr slation
grapes, vegalablos)

], Mushing sermirs |

32 11 2 molRol BE CizHE mAE

Al B A

7z = oo yx] aHlFe A9 A=, Ve FF, 7T 20 5
met G2e2, A A FAE SAERZ o) 4 . o 59, dEAlYAE &9
&I A5 AYA e FAEAE HEA FdF R o B AUAE LvlEe
7Aeko] Av1¥ 12].

ol¢} e Ed FAHY duA AHE Fo]7] HsiME £&FQ & #AE Az=EHY
719 =o] HasiH, o3 FEE Ui A = By M gt
TAEY AIdE-FPHA mEtx EAREo] digk duyA AERE VEH-FAX=E



Aeeks AL dlg F28 Lol

Scale versus treatment energy for a particular technology and treatment train

£
High energy use range
2 15
g Moderate energy uie rangs
=
=
a8 1 Loyl RSy LdE Fange
&
| =t
; Low snergy use Fange
& -"_"'—-—-—-_________ -
8 os o s =TT N i
| h', - = — - — X -T— " T Ty |
—y = =
|, bt W e e e
0
o 50 100 150 200 250 300 As0 400
Size of treatment plant (MLD)
@ Trickling Filtes (R W Acthuted Sladgs (NPR)
) Advanced Treatment withot MirdHotion (MeR)| 8 Adhvanced Traatmaent wath NitrHiction (NPR)
@ Binlogica] Mutr bt Removal (DKK) PMembrane Bloresctor (NPR)
& Biplogica | Aciveated T bon(BACH-Orore 03 )-LBerahismtion |UF) (PR} & Agvancod Water Troatmsent {Revorse Camasis) [PR)

18l 12 stxfo|& AIAE! 2ol WE o x| Z=2| HElE

311 EAIEE AA A dE YA Z=

e olele] Temelq Uehd uie} o] A ATE E@ =AZed A U@
AUA ZEo] U FAGES FAEAL B B0 ol FHH gEol oF A
# zuE s I

sololsbias)  BHE AASAY Has F Avs Ad
aPzoMe FAEITHANN YEhte

nAFORA, olAT AEE Foe wAIL H= S BA
13]. 3tA| W FEATNA AR EARE

=
=
A2 ola G2 HAdAN ges =22 F Ad= ol A MdE FEeln
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Urban Water Cycle (total)

Urban Water Cycle (total)

Median 1.21
164 Mean 2.33
Std.dev 3.49

04

Density

~
h

4 € 8 0 'z‘ 14 1 18 : - - - : : !
0 2 4 6 8 10 12

Energy Intensity (kWh/m3 )

a8 13 =AIEeE MA SFoll gt olX] SAEE 7I1E BEZ&)), /HME SAZE=Z(R)

¥ EABEE FHO YoM Z2Alx BUE AT, B4 G0l G2t oA
FEo WaE welse A% 1YlA dshd $3 adny 33 Sl ddHoln
gad U AdAE gEe £ b5,

312 H+FF FAH Y3 dyA A=

453F FAe BS AFd A5sm, olg HAF  2uAelA R
FFANAAY HALS DAY o] B AWAOR T 2 P A Fa wA=
et

o &3 % A (Coagulation and Sedimentation): HTH Eoll= v A LAEZH|Y
PAEo] 2FH A A7 Wi, o dA=S AAsY] Hs s SHAE
F7hete] 22 AAES ME ARAIH. o] AAS T WFEY E83 LH=ol

o o3} (Filtration): }A %, =& B, S48, Ad9 5 oI A3 A& Fa
AW, Felde AR dAY LdEZS FUEE AlASH, o] dAlA
o] wAlgE dAtEe] oFEY T

o A% (Disinfection): BFH E°] A LFHA ZEE A5S A 7P &3
AHEEE S 9AE FUiete Ao=, o @AM e HH o}, Hiolgi T
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A2l (pH Adjustment and Additional Treatment): 73-%-o we}
=9 pHE ZAsAY F7H47 8¢ Al T3 &9 oy S4& A
A

& 0, ol UF AL A% €2y =28 FUhste] pHE 243
o A% % wlE (Storage and Distribution): ZTE E& i/l tid A ®BA
Aol ATl 2od wrig ¥EdH. o|Fol= dolZEql AlAES Faf 7

7Hgolg AdA 2 HdsHA TEE

ol# 3t dHY HAA= BFAS] AYAZE BASIH o] I oA F=e sHS

Drinking Water System

Drinking Water System
Median 0.52 -
Mean 1.04 -
Std.dev 1.66
o |
%‘ o
5
0 <
o~
il s -

T2 14 A% 2O fE oldx] SAZE JIE REE), HNE SARES)

e T ZAlA Yehd uiet o] A AFE B3 AF A UiE A|A =
3 FATS FuedS T B4 oA FTEE @Sl A3 AR 9
A Sl kel Aol FARHAl UEbET A FFCl oA #fo] sz eMe
S| AEIHANA Yehe vkt 2ol EAE BAINAE = A0

313 st g T YA A=
224, sotd, 4etd PHe Fi sse] xeE o@Ed

AAsE FAolth o] FAAA AFREHE JUAE o dAd AH AREHY, FQ
NUA AHE &FES o3 B2y 15, 16]:
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o

3 olF (3 ¥ 4)

°
o

e

&k
o7 A% S5E AL olFate HANA BE dUAs} BadH, T2
o) BB ANNOZ FEaE ol A AR,

A Alger ®Wzel zv)sh %, dlae FH 29 AXEd me YR
&®7b geb

A 2 HA (Coagulation, Flocculation and Sedimentation)

AqUA 2= F2 224 AHHE e, F2 HMU wl7|E AREste] 3t
24e =0 £t 2d=des A= AFolth o] AAAM AMSH=
A= Wl x|k, wyt7]e) o] wg oA ARgo] B

qUuA AR Bt EAS ARESte ol weh dUA ARE S Ml Ek
Lebd T

rN

‘|_

ol

Ag B/ 718 AEE FA)
quA X SASHAEA B2 AESHH Ay FAHAME 7] FHO
Tagd, i £ vAdEo] frles TstES ok e A "o
G A B2 AUYATE AR
ANHA A&7 F7IR=719 &
&

el &7l wet | A ARS-

FF AN2ES ZEA7E ¥ Hdgo] FQsH,

1
o] Bl gt

F 2 AZ (£¥A AHY)

AR AR oA LAERS AATL P EHAGHAA)E g5 4
Az HAHAAM AHH, o] HAHoNA &£HA &7, AxV] 5& A=
AN A7} ATk

AFA AlgH: &R g9 dxE YAV duzoer @o] AndHY. &
HGol FES AAs I, BR HAHAME L& FFIFHY Y3 AU AI}
gty E3 dzx7dqAe dquAe d duxz FFEHY, olu ALLdtE
A8Y A7|Fol we} Uy Ax7F 24 ge2bd 5 Qlth
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Direct Potable Reuse (DPR)

Advanced Treatad Water

pEEmEmm e

Surtace water or | | Dirinking Water Water Supply Wastawster + Englnesred
Ground Water Treatment to end users Treatment . Buffer
Faclity Facalty ' (optional)
Enviranmantal Bufter | Advanced Treated Water
N or GW) Indirect Potable Reuse (IPR)
Mon-Potable Reuse (NPR)
v I
Surface watar or DTL"EMH:?:H' Customars! 'T" rwaamal, Tertiary
Ground Water Faciity eommunity Fa Treated Water
a8l 15 5 HMoj4] = x{o|& A|AE! (DPR, IPR, and NPR)
HagaProoes: ; | Beglimmary Traatresnt | E | Tw’ | i 1 Sacondary Traamnant | | L Treatmesi |
: : 1 Famiaal of comman
i Remail of arpe 1 |Femows of suspanded | | o rnsh H Resmenid of nitregan,
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Wastewater System

Wastewater System
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Abstraction & Conveyance

Abstraction & Conveyance

* Median 0.40
16 Mean 0.82
Std.dev 0.93

Density

a8 20 XpeiF =2 0|5 SFof| chsth of

919 el A viehd mpe} go] A
NUA BEe] U EAGE FnEAL
So BAFEC] %ol Ashsl A dehgtHad 20] AW, the FEol e

Hel AME ghEel W wWERze gk fAe dsew, E AgdTelq
HERFE G4 $EE G 1525 KWh/ms A BE FaelN A go)
Be Ao® JERAY, AME EEE Folo] o Rio gojqe mAH BANEs

SAo = B/ A5A Y.

Adedelr =5 FHFstal olFste FAGAAAMY dUA AMES HHstetEd

2% 2 s 198 F Ao
1. 188 = A8 1Y HAastE 73 HF 3
WM& 7](Pump Variable Speed Drive, VSD) Al&: HX ETE  fifo 9HA

2
zAsle] oA 2vWE A5

AR R el A24sk T EAS) AL, el 19 ALE A4

l K
Lo

4 A PsE UA B8 olste ARUAE UYely Ty So A4
5@ A gAl b

5. 2niE ®UB 2 Al Asw: AAeR dux AuE mUHZ,
fgolt dElol B A29e AFoR 2Ys. oF F

_33_



317 A+AE FAH 3 dyA A=

B5AY AL AFAES, S 5)E AWAL ARS A5 W8] 99
oA WA Beld, serd, 4BHA A A ETFPh o BHNA g
AUAE F2 B BHIY, 47, 2%, 2dn A sy AUE A% BY

NAH HAgel amETh A aule P Aol 7 wAGA A B
AAAA  uA  AeFe 2oyl PaME 72 2Ae HASs Basn.
FeAelol e Fa oux] v FEe gg Pk

o 3 (Pumping)
oA 2% 958 A5T F A5 A4A oldddd BIs Aed 2L
ojFafoF 37| W&ol ofdl Wk A7 oJA AHZF LAGT
© ol Aus Sk e S A el A DAY #9 Aolt 2 A

- HE &R 858 Frxe &3 st AddYsor slM, a8 w& HZE
AFESEtH FYS Y ES AHYse d a3k dquAE 9 F AUtk
WM& 7] (Pump Variable Speed Drive, VSD)E AM&3tH fr#fo] 23 HAZ &5 &
A8t olyA AvE HAHsE & Ak

o of Z(Filtration)

YA AR AFE oA AP E, 1A, vAgS LEEES AASE FH ol
F2 o7 7](sand filter, membrane filter 5)7} AFEEH, & IHE FIHAA
ETES AlAStE 2o dgs A7) fal 48 oy A7t AR

9y oA F AFR AlzE|(: 2 o, JAFES ES BHE FHA7Y

o
991 ¢4 A7 Bastth o A% 4L FAs%E W AEHE

g8 A% 4
gzo) A7t 33

AR HETH
© 9% Fxob B 4k oF Fr7F MESFE U B2 JdUAE =S,
ZE7F L9HEE B @2 hge] dasty, o2 s oyA vyt S
A7l wme 9 ArFHow Hrdu wAdtE AR YA Az a3

240
o &F % 3 (Coagulation and Sedimentation)
cdydA &R A W e vAR dAY EeE

eN
chloride )& AH&8l &FA71aL, 2 F HAAANM AAES 7EpeAl sh=

it

s wwk o] AN A5 SAAE EFEs A& wutlzh ArsEc
WE 2w FAANAY R SRAS n2A EAAIE o
akml, o] HANA AR} rmAT

_34_



@)

45 (Sanitation)

Aol 25 WAES AASMAY HIZAS st AF2A kAsA Ttee
b Bgolth, F2 P4, 2F, UVALYA) 59 wh{o] ALgEM, Z47he]
qYA &u7t @ik

2

oL o
iE fo ©
%N

A

=
i}

9 2 dae FdeFoemr wkgste nAES AASAR, AqUAt =A
ARHA ged. 28y d4aE At FEske AN Fe AyATt
Zad 4 ok

CRE AT RFE AFS LT WNUIE AR &S AN o] B9 FYde
HAos, eF LAY 9o AYe] aARHEG. F WAVe €2 AVE
ZHEIER, 0 F AF YA Aol =2 WHoR ERHEM

© UV &5 Ad 252 UV #=xS5 T8 rd=s AAste WHeE, UV ==
AEE pvldth UV &52 Aoz ouxE wo] AME3HAIRE 318 oFE S
AHEeHA e el o

o pH 24 2 58 A
CoeldA am: 959 pHE ZHE] 8] Aol GL4 5
#golt. olu set 2L s, B8
F3 AuyA7 AEHETH %

s
7449 UA7 BT & 9

otef o] e AFFAE I tigh YA FAFS X2 UERA Aot 1™
21]. A8 AFE TS AAHAFY olF FAA U oAuUA Axo Wi FAZS
FuEHS 53 B0 oj FEH g 93 Ha 5o FAHEo] oo Axs}
FAFHA vl (olel 28 ). AR, o2 FdEolyp FAC uwliE] AAE gEl
e NEREEE = fFAH UYEigen, 7E AgAFdA devde dA BExe
04 20~25 kWh/m’¢] odlyzx] Hx Fihdd dF AUwzrl £ o=
YEPEAIRE A" X B3] o] FEd MY BAEGH SANEE FA

_35_



Water Treatment

Water Treatment
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A A+ FxsH, o]&e a&F At ARGl AF Jhed TS A8 v+
Tost. =3 duyAl= Al Aol 4 Abeg, ZAZel Ade AMEE
EFHEALE AFE EAS 7HA A7) Wi, o]E Y BAE AFsta oldst=
AL o] SHoA dFHolty E-duA] dMs ATt FeAds dYEd gad
2o oAy olfES AHE 5 Ad[H 25].

tirbanization Population growth Chmate change
L"’ +
— Water demand \

b

Volume of water sowrte abstracton,
treatment and production !

—

= - Sarvice Volume of water
pl'f"’-'ilJ.fF_ dEtributlon
+ N+
Enefgy demand
nefgy J
for water +
+
Economic benefit
r_ ‘- < .
Municipal energy Hewsehold energy
Water lossesin | ¥ use use (by pumps)
distribution system | +

Wiater consenysnon I':nerg'f Cﬂnil'\fﬂtﬂﬂﬂ_]

~#  Carton fnotpring ]o—//

Water shortage

External variabie - Policyfalternative

1 i b +
D AR VTt —a - Posithe relationship

[-—] “Goal T Negative relationship

J8! 25 =-ofluX] UMA Mo e AlHA] &S Ho{F= Clojo| 13
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A = &S 24 F Atk

oA w9 R A A

23 ouA QUL TEHOoE B 3 g
gasth Bouxd YAz ATE W QAAEe]l A4 BYE F T+ Y=8
ety 2AE AB AF Bol, Frht AR B ouA AP 2T
o PAS BT W, M2 ATE FFH oL 99 1% ARE AFv 23
AIAY FHEL RFE AL B3 F AU A% DAL Eol1, A% 5T 49
g82 378 5 Aot
v BAH &3
B3 UA A9 welolA BYSRE AguES FolW, BAH EAsb Ak oF
Sol, B2 A55m ol%dtt U BaF ouA 2ME FolAU, BE AgIE 249
FHANA dUA E&AS oW, LG APT AU A& FUE FA 2L
F oAk BouA 942 d3E A4S nestel 2249 /& AL 2 we
Were A A S, M G-EAH HAHL A AT,

A AS A5 A R AYG AR

Ag7t ABPel wer B3 UA Ao Fa7t FEHL Ak 2EE AEs)
ge A% A5 w4 ALlAE B3 oJUAE aeHow BstE Zo] 4ol
FouA WAz dTE =A A @ AN 23 qUAE AR wAe

|8, =4 Azete] &AL Fole H 14T F ATHIY 26

s
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L
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— Frwironment
) T ' | T 3 - ¥ i
4 €y w : L& ; C E [ = 1
| | : 1
[ : H \
| i
I Ciroasndwaler "_""_t. Treatmem 1 «.E r i | \
Surfare walcr Dristributions : : W
. 1) ] -
T L e Agriculiure =
W r Wy : ] S l:hlu}l:l_n Ly Waister waler
. . i : i Service industry treatment
: P | Refining | 1 ey | Household usc
!L'ml [c: | Changing to - l
= Crude oal —= clectricity
Matural gas Changing to
| heating power
=+ Cyrbon emission == Encrzy flows - Water Hows
8 26 =A| L E-0llAX[-Et HIMA A|AHI| 26 BAE

oh. ZAA FH =2 EA 4

2 duAe §E BEAE B w4 FER BAD dF S0, ¥ 5%
Ao duA ANe 9% B Ade] ¥, oUA REF AGeNE BL
Aelstm olgste H BRF UAE Fusls] olele A9t Bk F-oluA 9Nz
A7E FAAQ AL FEA A2AL AT 5 o, 2 AFE A5

e DERL =
5@ e BEEDGs)l U FAL A2 Foshe ° Aeld & ok

qUAE =7 AZE Yo A EFAH AL E3
23 oy FEA, AAA, AES5AS ZUAZ £ Aok ol ETwE ug,
AAA Z&A, TAA 49 = oY (YN 23 JFL mAy, wy AFH
A9 #El= 98 WA A Hofolr}

323 Al €18|Z 7Hte] TAESES X 2 #AAQ HuEY

2ga Adse d7E A
R

maleyd 2ds HEstH =AY =3 oluA] A deol

- 44 -



Aol ola k= Hll

Qo o
==

7h HAEYe 8 =

HAHY 2dS AEsle] TAle] B AMS = dyx] AHY BAZS BEAd=
s goFd F2o] s 4 JdoH g3 2o

(1) 397 £4] (Regression Analysis)

89 Aozl Fe RE AN HolH Holgs] Hi: EASe swosw
2AEA dolg Fowdes B 5 AAW, HoHE Fad dAATE diA =
AT NE shtel EHoz AT HHA BHY A, wAe] B ALLH oA
svl Zbe] A¥AH mE wdgA BAE mdgse o A48 & Joad 27] 89
wue AgEY, £ i ) BAE B A8eA 58 4 A 2A e 2o
g 5 4 U

* % 39 &4 (Multiple Regression): & AM&ZF=
712, [ HE, ﬁxﬂ g5 % 5)% oA 2w
= A5 5 Ao

olixe) A& s

d Uncorrelated predictors b Regression for uncorrelated predictors

=0 Weight on height Weight an jump height
A0 4 70 70,
&0 \
E =¥ =]
2] * £ 65
— - >
3 -l-ﬂ L -
20 i B0 . ! 60 P ,
160 165 170 160 1685 170 20 40 60 B0
H {cm) H (em) Jlem)
C Correlated predictors d Regression lor correlated predictors
fHJ) =09 Weight on height Weight on jump height
B0 7a 707
:‘ - -..-‘.
60 P~
£ e
= +__,.)";I‘ ‘
> 40 f .
20 1= ] &0 - v &0 : — ]
160 165 170 160 1685 170 20 40 60 B0
Hicm) H {cm) J (omi
a8 27 s|FEAe Cheet oAl
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H X#2E 3|7 (Random Forest Regression): H33t 5283 HHFH A
Aed g e vAdY 39 RdE, dyA 2Hls & AREE 3T
PN
T

Ao H 28]

Random Forest Simplified

Instance
Random Forest _— I; S
B T

Jﬁ s

\
KAEX bw’ 3% &b N\
Tree-1 Tree-2 Tree-n
Class-A Class-B Class-B

l :
| Majority-Voting | I

Final-Class |

8l 28 e xeAE0 CHEt ofsie=

(2) Al AJAIE ¢S (Time Series Forecasting)
TA8 & AREEH oA &H HolE = A7t wEr WHEs)
542 7HE & vk AAlEd S 283 AAE £4S T3 A

a0 HEE AE5 5+ Ak FAR o e ol AT F 9

LSTM (Long Short-Term Memory): LSTM Ed2 AAIE HolHE A st= U
T8 Held EdE, & ARSEE oyA &M 3t #AIE AREAQ BE

He} 28 5 Ao1d 29].

* ARIMA (AutoRegressive Integrated Moving Average): AIZAlE H°|HE 7]%t
= AREEFR dyA &M Yy 4t dSste ° 282 & St o
W2 %Y LSTMO Blal HEZ S A AAE d50He U2 FiE F
At
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Paintwise Multiplication (‘j. Sigmoid Artivated NN
".-

X
C.'_'.e" Pointwise Addition @B Tanh Activated NN

@& rointwise Tanh (Not a NN)

8! 29 LSTMof| chsh #Z=0|si =

() €3 2H3¥ (Clustering)
FYU2EF LS BA] AYolv 5 AlHAA =3 oA ARE sido] Mg =
= d AREEY o]E S8l B3 YA &Hl9 Fo SAolY EAEE gotd £

ek FAH e et Lol ANE & AT 30,

Dendrogram Scatter plot with clusters
formed at threshold 1.000 formed at threshald 1.000
4 . ® .
. > -
34 & " #
2.0 4 - & L
- " . .a -
2 L . .
L]
15 11
g
§ o
1.0 -1
5 * L] -
L ]
=24 %
_-|:|_‘ = LI .8 "‘ .
#

¥t Y I

oo T T
A F R L R TR TN S N R TR TR —6 —i -g o 2 & 6

T 30 SSHAE 249] oAl

Z8 28 (K-Means Clustering): £A] ol & ARE#y} o= 2n] 9
FARE A9ES SULEHPE, 4 S8 AE Bte a8 A #e
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DBSCAN (Density-Based Spatial Clustering of Applications with Noise): Y=7}
E2 AYelM =3 od|A 2v HES FE8aL, o HS AEst Ho %

& ¥ % 9ok

AL H
X

ol

(4) %3} &< (Reinforcement Learning)
o Shee wAY Ba U A0S ARseE 3N AL

REINFORCEMENT LEARNING

Reinforcement learning is a machine learning paradigm that focuses on how
agents learn to interact with an environment to maximize cumulative rewards,

g DatabaseTown
Baby (Agent)

Reward e

— — EJO
State (Action) _

Sitting Crawling Feeder

Algorithms and Approaches in Reinforcement Learning

¢ Q-learning

» Policy Gradients Methods
* Deep Q-networks (DQN)

» Proximal Policy Optimization (PPQ)

- Q¥4 (QLeaming): E7 AUA 2ME Hzase A4 29S Ylr) A
A2 gpste @ AgE 5 Ak oF Fd AAo] ouxs B AA9
2279 BulE ANBOR H&Y A
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U gdd =AERY ALY #4E A YY A& At
2 A AR AT A8 AdE AWER, ool ofgA =4
oA ule) BAZ AMHE W S 5 JEA o TAHOE oY

1
32,
5

(1) 2FlE B @) A=Y

sulEAFAE AAZ HolHE T F AEFI olUx &HE B
AAsjeie 29 PEeR Ak dF 5o, waed 2de Agd s, AT
95, AT 0 Y 29 5 BAste] B UAY &l HHE 53, o)
e 5EHY FF AL AU oU A2 S HoHE JnoR B3
AU xvle] &S Folw, W= Agihe] Y &ulE Folt d s|eiT F Yt
@ AuA B&HY B FF A=Y

AN B FFSHE W St UAS Az PHel U ATE o I

o S X]

@) 1Fase Bolix] YA 2

AFNETE B4 B3 oUA AHle] MAE GRS dZsE ATE o|FolAm
ity WAYYS B /Fws Adeles wHd 2o duA au o= wdg
TFEae, Ve B RE BAY dux 23 246 guld & ok dF S,
e grolu 5w Wt =49 B AT ux Luld] ofd e mAA
qZa2, ool e A gL wadt A7se APHL
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@ SAELBY GFE AFE o8 AR BHEOM) B 2R

oAy BEAHe 24HIE(WHR),  ASEHIE(GWR), A3 (GWL),
o] %ol YA (EL_CON), AFoIUX|(ELWT), w8l |A|(ELTD), 342l 2| (EL_WWT),
ELAS(WF), AU A&R(EC), ©2LA(CRHI 2ol F 10719 uloleE o] &3ty
2} 7}z 2] 8H(Self-Organizing Map, SOM) 41 AASHATHTH 34].

as

ag

29 SOM A¥}E FAAAHSZE U-matrixtlal X3 dHiolg A=ES AWAs|FT}
O|AL A ETE EdoX AAE o8 71 219 HolH A\Fe} WA s= &b,
UR] AulE, ©@arEzs F9 UES FAA sty Zzbe] REOA YEhue

B9 f2UE Adsh ge Aw AFL AwNstel Adste ol o AN gEL
2719 dolE EE, & EARE® $Pe welst dol old ZAzte 9se
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el AZE Yeit olgdd Azl gEe g2 s4s
e A P2 5 Je Asol E AR AT 4 A o
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H* 4 SOM S AEHYH EMZAD}

Clusters
Parameters
1 2 3 4
Hot Water Ratio (WHR) 0.021 0.022 0.016 0.020
Groundwater Ratio (GWR) 0.442 0.484 0.538 0.506
Groundwater Level (GWL) (m) 39.450 43.937 27.354 46.463
Energy Intensity — Conveyance
il " Y 3.392 1.561 2.995 0.641
(EI_CON) (kWh/m”)
Energy Intensity — Water Treatment
5 0.643 0.600 0.599 0.563
(EI.WT) (kWh/m")
Energy Intensity — Transmission &
T s 0.595 0.523 0.430 0.336
Distribution (EI_TD) (kWh/m?)
Energy Intensity — Wastewater
s 0.776 0.695 0.551 0.539
Treatment (EL.WWT) (kWh/m®)
L3 BAE S 2SO talA A4 SA4S BYstd o 22Ut
[0 Cluster 1: & A7, F AUA AEHF 2 &h dzpargdo] Az B2
Avgon TR, AuHen Y oUA FE7t ik Be
Ao g EAE

0 Cluster 2: 2FAE H|E, A3} ALE H]
bl
zs|

WA, oA ALRTY Ba B 3

[0 Cluster 3: A Ed, =F 57489

o
F oUA AgFT wa @A AFdge UeR FxE vl
1}

[] Cluster 4: &
Ca

AR HARd AMe Fel AAATel di@ odzs & o W ¥d 4
gk Teln g wde Az A7 A ABOGd 53 2 I49d
Jolom WANAUZ Wol F53 F3} B4 PO o] g5



41 E-JUYA-g& 7|bto g2 T3 dixA 2dd O
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o
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E-o|UA-AE Al 9 A 2~ (Water-Energy-Ecosystem Nexus)Z9] &4 42 &, oy
A, Qe Aol N2 o9 ABHT FEHEH=AE o, og Moz B
o ERAoln A% bsd A9 BEE BEE @ Folth oUF FPW YMs BHE
AeEol Mz oJEstar 7] el 3 ZhA Aol thE Wy gE A vA=
JFE FTRHOR BAT 4 IS Aotk 58, B3 olIAE Agsts e Ae)
o Az dFE A F A7) "ol o] Al 7kA A ko] BAE Z olsh= Ao
Mol B% o A0 dEv, B ATE A Auz 57 e 24z %3
A7l AL e Fastthn AR 7]

Energy
k || Ecosystem
‘///‘ Food-security
Deforestation
Soil organic carbon
Water Land-use changes Food
Ecosystem services
‘Qﬂr-g-,r- driven agricu_-n/u:na/
\-._______,_,_,-//
o S——
Water use for food (Irrigatian)
Nexus in Mid-Latitude Region
Responsible production and consumption (SDG 12) of natural water-food-energy
resources (SDG 6, 2, 7) can contribute sustainable ecosystem (SDG15) for the human
living area {(SDG 11) and climate change mitigation and adaptation (SDG13)
08l 37 YEjA Mu|A X|gke] o2 HMA oite] defd R ofo|r(o]
411 S-AUA-AEHA G = 49 4
&, YA, A Y e Adw a8 dAAE F Js AeE AhgHH,
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412 E-NUA-AHA gAML 49 F82 HIH

E-oUA-AEA d2E 4T W AEHE Fo YHER B A7IEL o

WS At Aok

o A" tho] e (System Dynamics): &, U], AejA 2] F35 28-S A7tol] W
WHets Rdgsts WHOoRE, ZF A 3ty =Y fxE FAMsta vgY wIE
A5 F e AHol U A EAEES iz 2do JE PR A<l
Aol gHa, &5 A AR ol WES 7Rt g WA= Aol
SHE WHo R oista St

o 53 2dg (Integrated Modeling): &, olUx], AejA 7to) 45288 x2Ho=
rdgst=s J2olt. dE =9, a—A S5, AUA A, AEAS WHEE FA9
aEg Rds 755t HA AAHS Adste ol AHEET

O52 243 (Multi-objective Optimization): T&3s ¢S HZHgele RS
MEete] 2, dyA, AeAle FFste HXE A agste WHelt FHZdd e
7ol WAF A wel, olEd YxE IHE HAE EfE A EsiEe

gqxd

Aol SAsta lon, 9o Yhed FoR o4 f?‘_v} tAd E9(Digital Twin)

7S A 2= (Nexus) #F A-E3 Alell= ol =, AE A A 7he] ER@s)

BFoAgs Ho agzozm #Hedin quqg}om 34—3]] gx} =783 Qo gAE"
AL =94 A2 fAE HEAEZS s AAIZE dHolH, AlE#HM, E4&

E

B AL &M 2 AAY A4S wUHUS A28 ¢ A AT 62, A4

#2, =4 Az, JFWs U 5 UGB Hopld #EHL on, wAgx
3 g

a2 & 9k

UAg E9S ZoUAAHA GHz0] HEIE AP, A AX AUE, Ux
_]

BEA) e BEAEL ANGoR mUHPsRE EAstel ALHA Y B F
Hxghs 275 BEE MU A8 29 447 delHAA, ol 717 §)s)
A% BUe AYste] BelH Axde JuE ABUolAsta, o B3 A4de] 58
Age RUEIT + e 3Hol U

kv

COAE EQY dXN 2 AHE AL

1) ZPtEAE R =A S A-BEHA &
2ulEAIE A e HAE EY 7&S &8 TA W EF oUA Ao ES
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Appendix

A.1 X84 R Code

require(kohonen)

require(RColorBrewer)

library (RCurl)
library (writexl)

library (readxl)

NEXUS <- read.csv("NEXUS2.csv")

colnames(NEXUS)

NEXUS.measuresl <—
c("WHR","GWR","GWL","EI_CON","EI_WT","EI_TD","EI_ WWT","WEF","EC","CEF")

# seed

set.seed(17)

NEXUS.SOM1 <—- som(scale(NEXUS[NEXUS.measuresl]), grid = somgrid(6, 8,
"hexagonal"))

plot(NEXUS.SOM1)

colors <— function(n, alpha = 1) {

rev(heat.colors(n, alpha))

}

plot(NEXUS.SOM1, type = "counts", palette.name = colors, heatkey= TRUE)
par(mfrow= c(1, 1))

plot(NEXUS.SOM1, type = "dist.neighbours", palette.name = terrain.colors)
par(mfrow= c(1, 2))

plot(NEXUS.SOM1, type = "mapping", pchs= 20, main = "Mapping Type SOM")
plot(NEXUS.SOM1, main = "Default SOM Plot")

par(mfrow= c(1, 2))

plot(NEXUS.SOM1, type = "mapping", pchs= 20, main = "Mapping Type SOM")
plot(NEXUS.SOM1, main = "Default SOM Plot")

hec<— cutree(hclust(dist(NEXUS.SOM1$codes[[1]1])), k=4)
add.cluster.boundaries(NEXUS.SOM1, hc)
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# Plot by parameter (e.g., whr, gwr, etc.)
par(mfrow= c(1, 1))
plot (NEXUS.SOM1, type = "property", property = getCodes(NEXUS.SOM1)[,11,

palette.name = colors, main = "WHR Plot", col = "azure")
add.cluster.boundaries(NEXUS.SOM1, hc)
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