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Abstract: The most important factor in reducing leakage in water supply networks is pressure
management. The use of pressure reducing valves (PRVs) causes excess pressure to be dissipated in
the target nodes of the network, thus replacing equipment such as PAT (pump as turbine), reducing
leakage as well as increasing excess pressure in the networks, inducing the generation of hydroelectric
power, It is essential. In this article, a 25-node network is simulated using EPANET software; And the
number and position of PATs are optimized by genetic algorithm. For optimization, a new objective
function that simultaneously considers “pressure management in the water supply network, electricity
generation from renewable sources and reduction of greenhouse gas effect; It is used to replace
renewable energy instead of energy produced by non-renewable fuel power plants such as fossil fuel
power plants. "
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Introduction: The most important problem that always exists in the design of water supply networks is leakage
from the networks. Pressure management is the first solution to solve this problem (Campisano and Creaco, 2020;
Tabesh and Vaseti, 2006. Because, pressure reducing volves (PRVs) make dissipate excess pressure in consumer
nodes, it is recommended to use PATs instead of PRV (Latifi et al., 2021). Moreover, one of the reasons for global
warming is the emission of greenhouse gases that have a direct relationship with countries' energy consumption
(Kohansal and Bahraminasab., 2020). In most of the research, objective functions consider reducing leakage from
networks and increasing electricity generation by renewable energy have been used to determine the optimal
placement of PATs in a water supply network. Therefore, the need for environmental terms due to the effect of
reducing greenhouse gases production by renewable energies in the optimization objective functions is completely
felt.

In the current research, the hydraulic analysis of the 25-node water supply network is performed using the pressure-
based analysis methodology with the assistance of EPANET software. The simulated water supply network is
integrated with the powerful MATLAB software for applying the genetic algorithm as a powerful optimization
approach. The objective function, optimizing PATs, considers three parameters of water pressure management,
renewable energy, and environmental effects of greenhouse gases for finding the optimal location and number of
equipment within the desired network.
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Methodology: To check the performance of the optimization objective function of PATs, the hypothetic 25-node
water supply network that has been used by several researchers such as Vairavamoorthy and Lumbers (1998),
Fecarotta et al. (2014)¢ Giugni et al. (2014)¢« Garcia and Nabola (2020) and Nguyen et al. (2020) to research the
optimization objective functions in water supply networks is evaluated. The hydraulic relations of the desired
network are solved in Epanet software by the gradient method and pressure-based hydraulic analysis (Wagner's
Eq). Also, this software uses the orifice equation (Germanopoulos (1985)) for the hydraulic analysis of leakage.
After drawing and entering the basic info of the desired network in EPANET software and integrating the Epanet
library into MATLAB, the new objective function will be optimized with the genetic algorithm's assistance. To
define the new objective function and consider the parameters of pressure management and energy production
from reverse pumps, the impact of reducing greenhouse gas production as a result of replacement energy made by
fossil power plants with clean energy is also investigated. In the end, further to the equations of conservation of
energy and conservation of mass, the minimum power made by reverse pumps and also the pressure limit within
the nodes of consumers have been introduced as constraints of the problem.

Results and Discussion: For evaluation the new optimization objective function and aconducting a comparison
between the induced outcomes and the reference results of Giugni et al. (2014), the cost parameters have been
eliminated from Eq. 6. Then the production energy of PATs was annalysed according to the scenarios defined in
Nguyen et al. (2020), including the network equipped with 1 PAT (minimum production power of 400 watts per
day), 2 PATs (minimum production power of 1500 watts per day) and 3 PATs (minimum production power of
750 watts per day), Fig. 5.

Optimization approach leads to the best place of installing PATs for the scenariol at pipe number 20, scenario 2
at pipe numbers 20 and 18, and scenario 3 at pipe number 20 (PAT1), 1 (PAT2), and 18 (PAT3) and is completely
in accordance with the results of Giugni et al. (2014). As shown in Table 2 and Fig. 5 and Fig. 6, the production
energy will increase with the increase in PATs from one to three. Also, the leakage in the network decreases, and
thus the most optimal response of the desired network is to put in 3 PATs in the place of pipes No. 20, 18, and 1
is determined. As an example, in Fig. 7, the amount of head drop and flow rate passing through PAT located at the
situation of pipe number 18 is drawn. In this figure, it will be seen that during the peak consumption times (9:00-
18:00), the flow through PAT increased, and the head drop decreased, which might be the result of the slow change
of the water level within the reservoir even when there are different consumption patterns. After verifying the
optimization function of the desired network with the assistance of the genetic algorithm, the optimization results
of the new objective function also introduce the installation of three PATs within the same location of pipes 20, 1,
and 18 as the best solution to the problem. Fig. 8 and Fig. 9 show the outturn and production power of every of
the PATs, respectively.

Considering the importance of the return-on-investment factor in the final decision of the projects, using the results
of the 25-node network of Garcia and Nabola (2020), and assuming the country of Iran, it was observed that the
social cost of carbon dioxide gas is approximately equivalent to 15% of the energy tariff. Now, if this approximate
number is added to the electricity production income, the investment return period of every PATs will show a
decrease of 4. 7, 7. 8, and 32. 7 months, respectively. This reduction within the investment return period shows
the importance of considering the environmental dimension of PAT energy.

Conclusion: The evaluated optimization method, using the new objective function, resulted in to placing three
reverse pumps at the location of pipes 20, 18 and 1; as the best mode of optimization in the network. Conducted
comparison showed, the number of PATs increases, the leakage significantly decreases but the energy production
from these renewable sources increases. Furthermore, the impact of the social cost of greenhouse gases in the
investment return period indicates a significant decrease in efficiency period for PATs. In general, adding the
environmental term in optimization objective function emphasizes the necessity of using renewable energies
(PAT) in water supply networks.

© 2022 University of Zabol, Zabol, Iran.

— This is an open access article distributed under the terms and conditions of the Creative
® Commons Attribution 4.0 International (cc BY 4.0 license)
(http://creativecommons.org/licenses/by/4.0/

4



FY-YA o o kg dlis >>V<< soke 4 i
https://doi.org/10.22034/IJWER.2023.367945.1030 ] A ‘.)‘)"' UT v o 20 LSLQU"‘QB)"

ol
Iranian Hydraulic Association J 1 )
www.iha.r add &

3359951 w99 19 A weod 4 36300 Sl BT A8l (5 jlwdinge
(Haocuw )

*;m;,,.e,? ‘*\'w| Col "65.:.'69 00 )95l dozxo

Ol gl wg 0l ans olfisls « Sy o laojle 5 O (cwdige 05,5 (5,55 (gl
Oyl 9,0l g,0ls  saio slKals (] yes cwdige 03,5 Lile’
Ol oly ool olEisls oyl yoe ok 09,5 jLuiils”

Web2 ramin. amini@Shahroodut. ac. ir Jgsumo 635,55 Sadg mSI| Gy

(1110 BRLRIRIAS EEC IR

ijwer. uoz. ac. ir :4, 125 oSy oy

== IR ALACEES S CHC

(P Oy &) ey el 28 g e (Sl nl sloaSid o et alS Jule (e 1008
Oy 4 2l 65 s ln |y 4t 50 sgzge Ltd Aol b o cotd (1alS jy odle (PATS
S adgl Sledbl 39,9 51 s 9% Cnl 53 Wilsior o8l 2 S jlazs Jlawgd 5 pdhsnans 55
Sy slmdinte misN SeS 4 55 9 50 Slace s ante SosBge EPANET 33l 5 4 (2,5-Y0 otee
S8 Capae (O plejen 3,505, b guar Bas mli jshaiecnl (6l w35 sl ille 133l 5 5l oolinal b
SlojlE Sl 1alS (¥ 5 wonnysd Olsis ar gy pdginass s 3l G sy (V Gl pl a5 Sy o
Bar Al S5 4y lais 50 G;L..,)ﬂ A 5lwaig mls orwlor ol e 58,8 (Bixe slallS
RSTD a5 0 ) g VA Y. o)l sladlg) oo jo oy das a0l a0
S0 a5l g FOVIA oo 4 o ye8 g aScd a0 4l p I VeV Slacis jlade el cowoa
el rizman 28l Gl pdgasass b nl saddss (6551 5 (Rl (e d0e ¥ o oal >
2 Sl ale e SS90 4 ol s ayle s LSSl 090 SRS SlajlE peloizl anie o5 3l

lise G2l ole YTV 5 VIA FIY o & Y B Y o )lads (sloipmn,58 5

aaloyos Cu253 090 ozl 450 (8 st & oy 5 Sl ] a0 1 ESlguuls

aile (LY 4 plez 50 ol wlie oz ol b 05 o0 doddlo - )
glacslo, gl Lol cuas olal (b i oYL slolss i
wslid i by ol ode ilel plyie 4 O

! Pump As Turbine

70


mailto:Web2_ramin.amini@Shahroodut.ac.ir

u‘)&b&j ‘50.0.99 oé)sﬂbd

Sl pl A g 3lwdinte

W glacuis hs alf g o fals pegdle Lis
o (S S 3 BT =Y (Lol o e - 4 wilgs oo
sond gloainse Lals Y (Cobe ) dake see (Al33)
Sloas —F 5 (ol slaaisy Slads als) (5SS
(eSOl (ahad s @ g Sless) (s lhe (55t

.(Mahdavi et al., 2010) o5 S

5 5Lad S pae JSely 0 fad e 4 (h95he g 0 esle
Gy sLid zals sl e 5l oolinl o lo ] claaSs
15 U ol b sl a5 (g5, 2 0 il (slo Lt i
S8l Gk 5l Sl 50 9750 5550 plod ol a5
5 S 55 A sl ames 5o 5 el b v
Se ks als sla el Glra Glgee a3 S
Gl 53 S9rge Olg (IS ok a0y eoliial e
3 eolatwl plply wwnl SlgghST Ve v 5l 2eS lacole
Sl (9 Olgie 4 ce) PAT wils olair 555 S0
ol Gl e o sl ouls g (6,108 lo p malS
Sy (Bl JLad sgzy byd 4 lagn, s S
Sl ol 3l Gr s Glp les s jsb 4y Gloyl
Joe ol b g 48,5 1,3 alinal 350 laddy) 51 (55
Ol el s 53 (6551 Bpan ane I ol s
o pile oy (Latifi et al., 2021) cosl oo )] o
ST 0 g el Lol LT (6, lagS5 a8 it (gloslus Lo

e (o yiwd 50 dawgs [l 50 sla)9lS
VAV Jlo 093> ;0 LPAT 3l eolaiwl 0,40 ,0 Slagiss
oz 5l o pe e« slols ialidl Lo sled
D¢ daled b §ad o 4 ygyhe sanl jo (55, mlie
Ol eyt b abcgle 5 a5 calools Las la_tyles]
i 3} daane sloganyss b aslgi e LPAT oS Lo
Derakhshan and) oS ool xSl
Gy el anie asaxgi L B8,k 51 .(Nourbakhsh., 2008
(shed slacsse I S5 ety (Sodll
bl o PAT aile pdyasass sbasssl 5l o ,mSo e

B,

el 00l Aoyl Dud @ GstJ.fl SaSls Bua

SIS ol Ll n) o8 0 05 LY 5| S

-Mathye et al.,, 2022) cool alS Jb o ool 4

oS Mare (pyipge 5l S (Chabalala et al., 2019
3 Setd 3,08 352y lupl sleaSs ()b )0 o)l5en
o s Ol 516l ojlgem aSid po 0 canl A
oALS S pae LS )0 g 438 jaw Brae b oyl jens 5o
Gl ogdle 35diee el altae (nl 055 oed I8
Sl les pb 4y oS Glaas o oyl LB ol plo
&lie Cadgaste g 9guaS Zlas 10 .00 ,F Jem OO 4
|y s b 0,55 2 po3) g o9 e altas Comsl o]

(Tabesh and Vaseti, 2006) s;lo 0 ;i 50>

Avila et al. ) cuid dwle Sglaso slo o, 4 axgi b
Slade "ULLl cblis> anseS Jline oylgre 4 .ol oo Lo
Lugio job a g oo, Fe BV ol aSll jo cuis
Avila et al. .(Jafari et al., 2015) cwwl 03,5 Lo FYV.
e 4 ks sl ol 4 £Y slaws ey (2021)
Slol cuas Jlade a8 ols ylas aSlls [0 0gge Cuis
STl el ol andl el (il b el
Wyl gogume (Jlo cod )b a5 dnwg Jl> yo slo,gls
e ol Gl ey Ay el pan ey e
@ powae 45 Cowl oo Sl OF Gl pae oo 0 (8,5

(Adedegji et al., 2017) axiwd ol cuis als

alaz ) Lilize Jolge @l Slopl loaSios s cats
Dol i oS g Ol i daalg) connd ol Las
b il sloly 5 a0 wlilaie 5 lodly) CuiS
Cuid oS gle Sely g 5l el oa Ly SC8l S
s Ol peny 5 Sl e el 38l & Ol o0
O3 3 () L8 e g conpdml gl Lglas
Campisano and ) o,5 o,lil (au3¥ (pyiddpe &
o e (Creaco., 2020 -Tabesh and Vaseti., 2006

55

! The Italy Vigilance Committee



1F ) olewal (¥ o)l Y 0490

Ol ST (owaige s ing s

oy By gl Gl g Al o et Graels coale b
2 G oS b 45 b o el ead 4z )S
dw , 5306 L aS o bl i cdle 5 Gy Laoes
bwgi Gy oy Sl WS o ot el )l
L) SlallS slal5 o 5 il GialS g pdyoaes 655
PAT iy Cusdgo puuss 101, (CO2 ials o SU

g a4 )S Ly Jle pl 4l G o

Silwdings Jam Baa Al @)l ol iegh 5l Gas
ilS ol 1 o SU L Sl pl a0 WPAT Cosdge
b hed S s (0300 ST 5o SIS slajlS adgs
WSl S (S ped Jelod il g0l 5l el S 655
Giugni ) 2,5-Y0 Jlopl ales b a4 pime gl pl

Bhave, )' ,leé 5 e s b, 4 (et al., 2014
1981; Germanopoulos, 1985; Wagner et al., 1988;
el Teila! J18le 5 lae 4o 4 (Tabesh et al., 2014

S 5
5 e wied ;a8 l58le 5 b cilel albels slesl 1

SerSoe b oliblay 4 Slopl 4l slaosls 999
S Sttty 55
(Jafari et al., 2015; Avila et al., 2021; Latifi et al.,
Saz Bap ali walies glhad (18,5 L )0 5 2021)
o oljpn 3l oges pslaie b WPAT g3luaing,
il (e o cats Ghals) O Jlad cypae sl
e Sl gl Gheecan 5 (Gr ) S
O S Sadse (ne 8L ln (SIS a8

23,5 oo Jo Hais je0 Al )0 Sl

i8S boyg0 ;oS p aeins; el )l U Ll o
idgs S peaad ;0 e Jolo S Gy 4 alo e
D9 se sy Sy oyl Gt 6 IS ke jus g

sl gy - ¥

Xy, 9 siegh plxl Jorl e Sl (isu opl slanl yo
9 ) IS8 50 e 4 Sy el sileaige Joe
ol 00l oolo CJ""J A Jiw

L oiiae glabaly GlaldS slajlE Ll e ol
55145 ol & 4z g5 o Is a9 (551 B pae e
olamdlal; oS ze joise 5 0dsd Jalss 51 (S olsie 4
28 (Rl e SIS slalS jLecsl o) oo et 4
(Kohansal and Bahrami <ol ool a,siS (goladl
Olys bl g5l 085,05 8 sw, L Nasab., 2020)
Jsb 3 olsg, cul 5150 l9a 4y laosiu¥l 09,9l
03,8 b 5 gebee VF g0 ol S

.(Mousavi and Sadatnejad, 2020)

@ Sl lolE e Sl e Sye sle el
P sloazl e ol 4 cagie 5l ()8 9enS1sd (ogas
5395 V) el o555 518 illan 2gn oslin
Sl 390wl slasldS slaslS  eloxxl a s oY+ Y
Jo So 5 58 ol 5l Blal o o el ) ab
Clolfg i 5l S weST o ladl Gl o]
Gblie )o (Goeys>) pdyauazs 5 (555) ndbayass
63 5 B 5 POl i i s lpl 558 calise
ool G oy Celo SloglS 5o il 4 ) 9enS]
adei a0 e wlidl L .(Nabi et al, 2021)
Saeatly ;0 olgi g0 pignazs (55, lie 5l i 2SI
—o el lasye /oY g oYY Cld A SwolisS

(Sadeghi et al., 2014) ceulS S aus]

5ol e (e85 0 S Slupl aSls S pwyn b
sladly) e o PAT sae ¥ (6 lifil> 45 5,5 b L

adg 4 e PAT soe SO a4y oo a0l Lo
cleslE el o gels plpls 5 i (65,
«yzmed (De Marchis et al., 2016) 05,5 o slasllS
Al g0 40 LPAT L S jled e s o035
o Sl Gads G deelbre o LI jsaS s Gla
5 3 Y e d] B L S SOOI VR VR C L [
Alp e aSl 90 sl Jlo S sk o gl

.(Balacco et al., 2020) o acwlxo o5 Vo o VYV

CoxBgo dingny end Sl iy slatmgh i o
an sl e slol a5t Sy 40 WPAT (g a5 sl

3 Epanet Software

Y

! Social Cost
2 Head Driven Simulation Model(HDSM)



OhSon g (> 0395 L

Sl pl A g 3lwdinte

Ll g 4 adsl Comaz wlg

v

Jelg a0l g GLol,S oy, 4 Sl g oS o
adgl Comez wazg b jlad 5 e (Sgy0ee

v

v

oz g ey sl Klee 5l 65 050 b i Cumen 0y

v

Jelg a0l g GLol S oy, 4, g0 oS Ll
owwuu»;wj)wfw@”@

v

Qo> Coxez 03l g Bas al Al

S5 o8 oS 4y (g 5be A LL

Fig. 2 Genetic Algorithm FlowChart
55 w8 kit Sl foges ¥ SO

Jsb (34 ax>1 0 Giugni et al. (2014) 4 laalg) oo 5
o s 5 097 yashS FHIY L5 4 slaaly) JS
OO 5 DO/ DOIF iy 4 YO o YT VY o leds y3lxe
5 Giugni et al., 2014) col ool 48,8 Ll 0 e

.(Nguyen et al., 2020

Obol,S (g, -Y-Y

Ly, oun o Slopl ah ja pwyp 0 pdd ool
Bl e i )ge Al (Slgyaee Ll Cur el
A Sdgmee bl slaghy, ple S,
15 0LS o ool oails 5 lao,S 4y by e sloaloles
9 dloe (gl 4l gladlg) slaalalas 51 (Lol S g,

FA

AR50 g0 4 Ll

v

A slizl 4 bgype sla el )l 5 Sledlbl (651 rox

v

g npaigen b Epanet |l58ls 5 o asil leMbl 0,53
Matlab ,l38le 5 ;o oolazwl

v

Matlab ,I58ls 5 4 Epanet 5L aue )l38ls 5 aslbulis” sleol
Epanet-Matlab Toolkit lawgs

v

Matlab )‘)‘9|FJ" BRI Flf JERR% o;.:;‘-f) S @‘5}‘)9

v

Sz SBus wli sl el )l 4 by ye addsl Sledlbol o9

& lwdgy

v

A5 b S5 00,550) Lawgl oz Bue ml (g5leaige
alivs slood 288

v

Qo> Bas a5l ol zols Jdod g 4y 50

Fig. 1 Research Method Flowchart

B plowl by, loged ) S5

aslllan 3 )90 Allaio -V - Y

WPAT (s3luaigs o Bua &b o Sles vy sl
Wb oS (2, 5VD ol a5 ol @ ine 250 S,
il ol eje 0 Gl (pdime Loy
Vairavamoorthy and Lumbers (1998), Fecarotta et
al. (2014), Giugni et al. (2014), Garcia and Nabola

55 )5 oslitul 3,50 (2020), Nguyen et al. (2020)
0,8 YY g YV lyls allils opl 0gd s 2b,) e
OlF 9 cepd d9dse B g 009 (iFe dae T g B pan
e 5 d ((F) aolee) 455, dloles 4o oolatwl 5,50 s
Gras g5l 5 a5t Sleds sl VA 4 Vi) -
Gl ool oals las F o ¥ sla IS j0 i 4 il
699,55 slrosls uiile aSls Slasiice plu il o sl )



1F ) olewal (¥ o)l Y 0490

Ol O (waige s igs

-
+
. +
.
+ .
- x . 3 « T e

&

5

.

Fig. 3 A schematic of case study including 25-nodes
(2,5-Y0) asdllas 3,50 oSl Lzl ¥ S

X gl 20 Qpyrx dF] 1S5 0] 91 e ,S o >l
& Goj 9 Pbbgome aaly o ol n dtl 1SS 5o
polie YU sbealoles (plojapds bl j 0,5 clils

Dl s Cowd a5 2o )5 ap g ladlg) oo sobpsas

HLid S S g e Judo =YY

3ylg0 s )0 ol (Glaptuns (Sgyan (s5lo oo 5
JLad 4y azgi (g g LA (g Julowi L Lo 551 52
wl) (Hlyps @mls Col (Soe oo (ol D98 o0 s
A8 3,S0g, S sl aSid Sl Luld s egas
Sad Sl jo a8 ol jlasd 4 anly Lol o g jlo Jow
Lol 45 5 e 9 bl Slin] e S, 51 YL
a,las as Sy o, slolws s jlad 30 cow o )5
oS Gloj 5 adly (alS wbee als led ailiul g
S5y (rl Dgd e o Lol Wl oo 28 a0 4y 23
Sle ol lad p s (Sgyaee Judod ailinadly
e 0,559, Jlese! jslaie 40 (Naguib et al., 2019)
OBl o8 gl et (Slgyae 5IUT (65, 5 jLed
o) (79,5 Olz Ot (Ssd 45 Conl (rlis Aol
sloaolee 231 laJlo jo S o0 Hlai o1, 0,5 JLid g
Slas el oo 7yl (o0 do ddayl) o (gl Al

a Ol lag| alex

Bhave Tabesh et al. (2014) .Wagner et al. (1988)

£

1.5
1

0.5

Demand Pattern

Time(h)

0

Fig. 4 Daily Demand Factors

gy e 555 PSS

D9 o0 41,5 SaS Lyl (0 5 (025 ,Lad (55luand
Slaslono ;0 151 Gy 0l YL (Slowlne )08 JJo 0
MikeNet  aile  (gme slolble s (g 0ue
X .S o 0,42 Epanet g WaterGems . WaterCad

9 ol Swse o dg) il onds o claalsles
el &30 (o w5 4 (Tabesh (2018)) Laals)

Ht+1.oi - Ht+1.oj - (nRolet.oxln_l)Qt+1.x
\
—(—mRy QM x=1...Np

ZQt+1.x .+qoj:0 Jj=1..N )
xtoj

a oSS 4 Hip1oj 9 Hiproi 398 sddols o



u‘)&b&j ‘50.0.99 eé)sﬂbd

Sl pl A g 3lwdinte

D)y o aSh 50 JS St Jlais 90 aSed sladlg) ples
:(Meirelles et al., 2019) w] o Cawd 45 5 aloles

NP
0t = Q4 ®
i=1

S5y 59N -0-¥
0 050 aSel adgl Sledlbl 8955 5 a5l S
Aiad yad Sl58le 5 o il Glasbulis algy cala!l l58le )3
i)l SeS 4 Bus 1l iluange v e
¢ Pseudogenetic Algorithm GA oile (gjlwaiy
Eliades et ) 35,5 o plésl Global Gradient Algorithm
L bg aigm albels G ol ass opl (al, 2016
5 Sgpee Jdow g 4 plol sl @lgs 5l b
(S o, ol ol adsd jo sl (6,1050S L
Silutinge sladoe on Joadaislis 5l (S lye @
Caley b wiS o nm pinysS] ol i amlys oolial
Floo sl 1) Son J> ol (n e (reb DLl 98
lod S sob o (g (nl eonl 2 ogdle waulo (g5l
Sl glie paelin 4 baye Jlas siluaige ¢lp
S o3l /dly o el aid )8 13 eolall 040
b ol o ai g gy (slad jo g cllld 4l
(Latifi etal., 2021) Coul Solus 5 Y 555l et oo
Silwdinge o 55l SO S oyl B 88s jeb
FS anl g sl oS canl Comer ez p S
BEAC I RS NCRE T SRR SN
05 pl A aS 2bgs laars) &0 a4 aline sla it
S og) 5l slasgorme Ngd oo iy 5 g o Sl
OSen sl ol 5l (S a5 wiwd oo S5 ) pg5eg,S
plxl SlsS a sleaige by, el ISt sl
by Gl a2 o) o oo @ g a5 050 0
Ol S5 s S Lol )Ll ¥ S gillas oS
obai jsb s lopgaeg )5 adsl (glacomer lanl oS col
Ban &l L pgjges,S ;0 el G Ngd oo aSle
L) elopsises,S ol Ll jgilpl 098 oo By yel
3eslaiwl b oS s bl Comas o 50 e cls

Dgier AP Gl Camez (i g ey sle,Nles

dslio 31 0,5 o,Lil Germanopoulos (1985) 4 (1981)

o O ot ¢lr ably e Olee @
sz abl) (pl ()b 5l gy 00 )5 4 JLid b ladse
A5 oo Joe |y aSll (Sdgpaue jlis, o9 4 g 009l

.(Gupta and Bhave, 1996)

avl _ Teq avl des
a =4 i 2 Hy
pavl_gmin (2 v
avl _ T€q ") ] n; min avl des
U= G T AT AT <A ™

I _ L i
qja_w =0 ,ngzu < Hj_mm

0SB .l Y BV o g oogs abaly olgimjakal) ol jo
oSl Jlow slaltle s o a5 (nl 4 azg L
Sg W) ubj.w Lolss 4.:L) » Jt.lx' LSL.&.A ‘LS;L"))'J
SLed (e Jelo 5l 6 S0 g3 D)9 50 (e
LCWSNet aile) ol sboacl 5l oolawl auejls
Jolos sléol sl (EPANET-IMNO 4 epanet-emitter
A 43‘)| L| ...\3‘0\)9;. Abyfo )‘)3“5)4 aQ )LAMS » LS......A
YeoVe ay,08 V8 2o b )0 (VY ased) cilol l58le 5 o
abuly sl ) JLid e Jelod a5 oS Adlal
anlyss bl gladol p sl eolnl 44 (g5ks Koo (55T

.\)99.

EREE T ¢

bly et Glp A (Sgyaee Sl sladss
slaghy, crpesle 51 So o)l 3szy lad-cois
9,5 S e o8 Glepl 4l o et gileans
Germanopoulos. ) cuwl 4539, SO & g0 4 Sl alais

.(1985

Qui = Cy X Ly X (P&)" ®

3,50 o2 Zilgl 38le 5 ARl (o a5 doles () 5o
Garg by cwl lid ol n el a3 1,8 solarl
it VIO g o/ po ddie Flygw £95 9 dg) lasin
40 Sl og>g 2,8 L (Giustolisi et al., 2008) <l



1F ) olewal (¥ o)l Y 0490

Ol ST (owaige s ing s

Leysguze g Sua b -V-Y
Sax b

g al ad S e giluane See el
gl 5l (5 955 (g0 ovalin ) Jgaz 5o (S bes
o Latifi et al. (2021) {Nguyen et al. (2020) axile
<8 ,5 ks, L Fernandez Garcia and nabola (2020)
(V) I ) sledolee) LPAT lawgs gadgs (55,50 o
o Sl gileaige Bas slal oy e 4
¢ Tabesh and Hoomehr (2009) oule o ingj
Coxdge g olow (gjlwaiys ly Jafari et al. (2015)
SealS Gos wly lea 5l Slopl sleaSs ;o WPAT
o0 438,500 (V) 5 (V+) slaadoles) aSiod [ oo
S Bad wolgd nl SaS a4y Jlaio g0 4SS (o S0 L
L oSo,les sl s 5l goloxs b dod s 9 00505
58 Sas a5 598 @B ewl 0y, F %l WPAT
O Sl ola ol aigs slo Joxe j0 PAT (yols
e Slwpl A o 65,0 adg Has ST 4 cul
559, b (e wlg Elpw Col i Galpli g eats
Giugni et )) aSils ,o s (mals 5 65,50 adsi lejee
salolee) cé, (Meiralles et al. (2017) 4 al. (2014

YY) 5 (\Y)

Sl Gl Coanl s 5 0 Gl i 45 @S led
b g yia Sl 59, p Sl Slails o 5
L suas Bus @l;' S ol Lhegh Bas ()
sy elaizl an i) (Jamelan s o5 (oges jshaie
(%) doles) LPAT (g5luargs Ban mlsi 4 (Glalxls
Sy Hled copae Y lejee (oS 08,50
SV g o cuis pals cojeme L) Glopl aSn
aelys Gl Bl Cojeme L) pdianass aie 5l 5 0y
Sl slajl5 S 2als =Y g (6550 adgs 5 (86
S 65 sloay pdiasasd 655l ol amil e

w‘ (51....“3 LSLQolfﬁJ.g ..LJLA @Lﬁolfjju

\A

Lol 895 08,90 p anils jLre a5 Shey b 6),S5 aal>
Sy e, 98l &8l o .(Jafari et al., 2015) 59,5

o) e sk Sl gl cale, b aS o0 (re
Ol egdle by gileaine Bl Gln 1y GSee S
Floe 3lainte sl los S Hob 4 S5 555!
2l Cupse oy 4 Of wlie sxyaebp 4 by e
(Avila ool 25,5 )5 oolil 3,50 syl (cloaSiss

etal., 2021, Jafari et al., 2015, Latifi et al., 2021)

SlOL sla3l5 (cloiar 4y 30 -1-¥
A 5 6551 e 0uaS 5l AT 3l (slaams 5
o sl Gl el 5 Sl slacylled
Lodls a5 00y onpws socslo s Jolts ST (lapinns
wolazdl b sl Lol Wb oS b Sleas @)1 2l L
Sl JS s 5l Soke 4 ol axlse sl
oels 5 ol cdl mals (g5l el iy aiesls
oy el jgbize s ol (15 S 53 L
Mg o e Slil g 6550 eojl Julod Cu
(Arora et al., 2020, Freni and <ol 48,5 &30 CO2
Sambiti, 2017, Lam et al., 2017, Aberilla et al., 2020,

Sl 31 e S0 6l 039 ,4) Sambito and Freni, 2017)
S onS weST 60 pgas 4 SIS bl o 5
Gl 090 oo oolaiwl  cloixl aie ol 4 sogpie
sl anze (YY) 595 V) G 0] 0,508 315
5 el Sl Je 8yl Ojge a0 GRS glaslS
Syl arcwl Jlo SO0 58 o 51 Sl o o Lac]
sl as col ) S SG sleia ] anie Ko
299580 (9L LBl 5l eg )8 S slexl b soladl
oo & Sl il o o 3 35 a3l (550 05,8
o..\_...S..\.Jﬁ.a 4.:50..\“ u‘PlJML‘?LA 05; L:.wy k).AlS
adgi 5l el (Sogll (3 p Caro 10 05d ced S0y
anol> 4y ol el 1y el cloizl ase SO G p
ey o pa (nlplo @edoo Canj lanre
Sl H8ly anie SOy e 2 anie S [
gl ol ol bl lole a5l ansl> sl
Mousavi and Sadatnejad, ) oS o3 bl auie

2021



Ol)Ses g > 0095l Sl pl 4 (g 3lwainge

» Jbo pbl ples 53 39500 258 () dlae o max OF = ooo (ndayspqe X (te + 5¢)

slaig, sloxs g (ndays=365) aiils 599 4y slaaly) X Prysar) + *)
tota

el (Mdayspae) 59, Y8+ (Jlo Job ;0 LPAT o 515 3.6 x ndays X ty X (Qupar = Qiapar)

LPAT (giluaigs Suo &l ) Jgaxr

Table 1 Optimization Object Functions of PATs

Ref OF Eq.
Nguyen et al. (2020) max F = Z yxXQx0xn V)
Latifi et al. (2021) min CT = CP + CPat - BPat (A)
Fernandez Garcia and nabola (2020) max E = 1/1000 Z HP x At “)
, 2 .
Tabesh and Hoomehr.(2009) and man[(Pi ~ Pruin)’] -
Jafari et al. (2015) minz 0, o)
Giugni et al. (2014) max OF = Z Q; AH; — Z[oc (P; = Prin)?] A\yY)
. t H
Meirelles et al.(2017) max OF = Z [ elonOOn + Z ta(Qj — Qj2)3600] ay)
ol 00l 418 5 0,05 Giugni et al. (2014) x> o gl & slwaiags aliows GLCY S guxo

C B o as bl gl L P foc
TR T E s S e T e s 5 LPAT (giluargs abox 5l (giluaigs alius 455 50
“.l,b Giugni et al. (2014)  og Y ass &S ‘

ol Giugni et al. ( ) GiRgh ,o ol aid S IS4 S50 el olocusgame (5w S al Sl pl 4

Lis b BosS Grae 4 olas &l Slepl ass
Ol (sl casgaze n ilel GBI ST ol 5 )L
sladdolee) ¢, sl 5 (55, sl slaalolas sl asiiis

a8 a5 ol 4 glo el )b el oais colaiul e
Bl oo (F) doles 5l el 4o g (65,50 48,25 o]
Slaglw bl LPAT Liwg adgs (6551 5 005

) A Jolss Nguyen et al. (2020) o ooy < 25
Heme 455 Jols Mgy (2020) 52 o o 4 2ol ol (LolS by sl 50 Pt a5 (V)

Sdgyue Jdow Blaw ol Cosgase g0 lgie

39y 50 Slg Feoogades lgy J8las LPAT sae \
VO sadei olgs JSlas LPAT sae ¥ () (595,i)
aSd @l b (V) Gy o Sls VO sudys

;105..\:;@ wbs‘o ‘)55..’\.0 6Lb..\.~3 » °5>L° ..\45....4‘5‘0
Al g (VF dolee) Bpae 05 12 Slas 5 JBlos Lid

> ,o Giugni et al. (2014 YO Sl !
iz 2l P01 grm 28718 oy 23,5 Jlosl (giluwarge ;9 PAT jo sadss ol J8lo

Sl o..\g.\))f Ml&aa Ji,.uj\'
S5 s SaS 4 war Bos ali gjleaigs b HP®S — ¢ < H; < H™™ + 60 = H™* (m)
. . . o Qhp)
) oo ;o) syl Sl @ WPAT s oo 00 520 (Garcia and Nabola, 2020, Moazeni and

YA 5V o,leds gladlg) Jo 0 ¥V (g9 lew Ve o)l khazaei, 2021)

\ s(PATl) ' O)LA.:) 6LQ<U9J J?oo )Q Y 69—’)‘-‘-‘“ 9 (Tabesh and Q}“’Ls" uéﬁ )M N )'."J'.’ c Yb ol )Q
Giugni et zls b gllas MNels 3 (PAT3) YA 4 (PAT2) Vaseti, 2008)
oly Giugni et al. (2014) .0l caws 4 al. (2014)

Sl 08,5 cwyp Ve ledily lil a1y LPAT (gudgs 4 o 5@‘9’-5""

5 8l god Bl B lonily ol Joe jo a5 > o
3egas Bas b giluaige s i Coro sl

\Al



1F ) olewal (¥ o)l Y 0490

Ol ST (owaige s ing s

55 (el 0 eyl 5) /- \0F $/KWh S ST
- 2D ez Gas o giluaig @b ophpe 485
Jze plea o PAT sae ¥ a1 (Casy y Janomom (535
I, PAT3) \A 5 (PAT2) ) (PATI) Y+ o lois claaly)
g A 5SS oo (Bpme alies b (n e Ol
IS e ol (lg g o (28 S 4t S8
oanlie A o j0 w0 oo olid jg,als jo 1) LPAT
FMO-A? s PATL gl b2 joue 00gd0me 3940 o0
2 5 YWA-PY 0 PAT3 4 )«/D-YY/Y o PAT2
SIGE golael cul @y azgi b cnlpbe 5 ol x4l
Sloie 4 oolatuls jae oy £98 g oo raay oaijle
255 e 1y pS 5o Sl ey

sobasdl 3T

Or bl 5SS (VD) dolee) asleyuo caS5l 090
plxl cqz baglosle 5 bacdss (g pSpeaal ;0 9)l5e
a5 ko)9d 4z o 4 Cewl (plg) Canl Sl e slrolen
Ao 9e 0ian )0 6 S wley Bl FolisS ale

Dy dplgS 5 pdhdg

TC (\0)

PP =
E X ndayspy: X te

o, sbas e 4 445 L arcia and Nabola (2020)
Jolow 4 LPAT (65l 5 e (Slyoe S5 v
Glo s CliS 3L 090 g 2o (2 F-V0 4l solaidl
YA 9V Ve o)leds sladlg) jo 28l SLPAT 31 S ,»
Wy 4 azg b o)S e J VY 50V eSS @
Olnl 5585 55 ()8 9eST 60 5B (sloizlas o g (55
oS ST 60 8 elaixl a o aS 04l o cdwline

ol (6551 48,25 7N D Joles Ly ,85

&l 720 leasl, Nguyen et al. (2020)L glas opl by

Sl 0050 5 jolate Was Ba Al

e 5P UK 50 S8 5 Y Jpaz 5 oS bocles
Gadgi g5l wae ¥ s ) I PAT olaws aoli8l b el
Joee o PAT sue ¥ v Hlaio g0 4S50l gowly (3 i
Y Jj..\? .\)\);G‘o u.....u \ 9 YA Y- o)Lo..i'J 6L®4.]5.‘
So ol el s J5 et 5 oy 655 gee
03gad duolas Giugni et al. (2014) zls L lag L
Giugnietal. b yol> iogh bl 5zl O .cwl
Gl i adal d oged 0,8 ol o 4y (2014)
&S o 0009 g (al )3 (e VO) (S Lad

sl @385 0,00 jasie gs"tJa‘j slos 5l 553

&b Ol by cdalin § @l (orwcons I m
P LPAT el Jore ( fomslio (sl 50 Sax Soa
V USS 50 e bl 4 Cad D92 50 (592 )l 4 50
oo 50 By PAT 65500 (3 9 oo Sl diged (lgie &
UK ol 55 ] 00 a5 (PAT3) VA o,las ol
- e ) Gyae gyl sl jo 005 o cnnlis
Supls ae cdl g il i8I PAT 5l 6y0me by o+ VA
O o g oyl i azi o Wl oo onl a5 il
3l (9]0 S92 g (Folie Bran slagll a5 oy 2>)
4 3o @l etz 5 ((F) dolae) was Bas b 4 Luil
2 son Syse 4SeD 39l (B el ol iy yel
@lod )l £5 4 4z b nlply g oad ly olnl 5588
(b, Ve Jolae SV 52) g G515 ooy o
<[V S$/Kwh (g5 4w o /Avo$/md Ol ad
6o 38 mels clazl ay e o (Latifi et al. (2021))

ASd H0 i g o (65 s awslie ¥ Jeua

Table 2 Comparisons of energy production and leakage

This study Giugni et al. 2014
Scenarios Energy (Kwh) Leakage (L/s) Energy (Kwh) Leakage (L/s)
No PAT - 701.29 - -
1 PAT 87.83 503.05 84.04 495.2
2 PAT 174.49 490.34 178.95 485.6
3 PAT 209.69 457.90 212.5 456.6
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