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Abstract

Pressure management (PM) is one of the most effective methods of leakage
management in water distribution networks (WDNs). In addition to reducing leakage, it
provides many benefits for water utilities. The purpose of this paper is an economic
analysis of the PM through a comprehensive cost-benefit analysis, taking into account
the various aspects of the implementation of PM in WDNSs. For this purpose, a
mathematical model was developed for evaluating the benefits arising from
implementing PM on the reduction of leakage, pipe breaks, active leakage control,
water consumption, energy consumption, building damages and the increase of
customer satisfaction and the costs of purchase, installation, operation and maintenance,
and revenue reduction due to the reduction of water consumption. Using the developed
model, the net benefit and benefit/cost ratio can be calculated for each PM scheme. As a
case study, the advanced PM system was implemented through the installation of time
modulated (TM) and flow modulated (FM) pressure reducing valves (PRVs) in a district
metered area (DMA) located in Mashhad city. The net benefit and benefit/cost ration
was then estimated by the developed mathematical model. The results showed that the
net benefit of PM system through FM is greater than TM and the benefit/cost ratio was
obtained 3.7 and 3.2 respectively. The developed mathematical model will assist water
managers and practitioners in comprehensive understanding of the benefits and
economic justification for implementing PM schemes.

Keywords: Pressure Management, Economic Analysis, Financial Analysis, Leakage
Management, Water Distribution Network.

Journal of Water and Wastewater ) W s,JT E O

Vol. 31, No. 2, 2020 A9 Jlo oY ol FY o0



\

o

g 3 lio

dx.doi.org/10.22093/ww;j.2019.163790.2794

Voo VY tazmiio ¥ o kot () 0590 (MO g T alxo
ST 2397 ST 1o HUid oy SOlaS! fudxi

"l 5 5 i Ol 0305 50 il Lo jama ) e o)las)

a3 dagzmo g T (ol pae (cwdzgo 038D ol -yl yor wdige (51358 (gozeiils -
Olnl s (g S oSl
Ol OIS (St e olK2ils ) daome g Of cilyae guatige ouStils ol -¥
m_jalili@sbu.ac.ir (Jstue sdiumsg)
(Selgyien slooslu 5 Ol -l yee (guitipn iyl (ulid 5 ggmitils =¥
Ol e g oKl ciuns § Jama g Gl oyl jee (qusiige aSitils

QMY b pde AVZARTA R IgES)

lo s P11 3 O ygo 4 Wlio (pl @ £l 5l (Sl
OF 2385 (LA 53 HLED g yote (§3LAIBI Jados "V YAR el (Bl 9B (ags o) +p 0313 d L (ule l ¢ pobaso
Doi: 10.22093/wwj.2019.163790.2794 .1 - -~y ¥ {(Y)¥ ) coMdbs 5 ST ddome

o LS

Sllpo s (EALS s b9V A Coml O 595 (S0l )3 Cudd G prde (S Vg, (325 90 5 (S JLd Cupae
—dg—w gola Jlod B15b 51 LS Cu prte (3LaiBl Judod (gl ol 1 B 3,15 WS 9 ©f S b (6152 (55 lemet
Sl =l y S S poliio ol s Coml O 595 (GLaaSns 4> L St prte (gl Cilisee Gy (8,5 a3 5 b iy s
Ol (65l D pacro o B e (Jlad obCuld (B SonSd Gl Wil g jLid Cy e g1l 3l Jeols g U3y
GBS 9 (1A 9 (5,15 10 et i g 3 1 (U (S 3 (yizned 9 L piuiie Culdy ialEl g lais b & 03l
Gt 4332 A Dgw Cannand 9 (A Dguw B 8315 drurgi ko 31 3wl U oo 0315 drwgi «ol B puao (Wil 1 ol ol ya
(S0 s s 3 o ) 8 g i s Wl 53,90 llae (ol5ied Con] pmslova 18 M oy ppta o 5
Az 3R A 39w S 9 AILS 39w 9 b [yl dpedie o ) @lg gl 4l 3 )3 Gl 9 ploj 12 (e HLSS salS
51 ol (AL g a5 315 Wi gl o 03 e eyl 53 B 2313 drwgi Sl Jue bawgi o (g1yal 51 ol
0 LS o e (railobs (gly 4y 3 2 39w Cumd 9 Sl Yy Gloj 2 (e dilolw 51 Bl g2 2 (e Al 12!
Ctimo laauasiin 9 ol o 4 addlhie ] 45 o0l 8315 drwgd (@OUy Jubo ool Cowdd Y/Y o ¥/V i i b0 9 by 5

35 algh SoF LS Cypre Gag b (12! (53Ul i g Lo 5l (orela Sy gl

ST 2)s5 a8 s g pdw (Slo Juloxs (s sbiaidl Juloxs JLisd g padw (s ulfisloc il

53 J(Puust et al.,, 2010) uS o at5 395 Ol o300 5l
53 gt =98 GLeaSd 53 S b g2 050 55 010
(Jalili el ot )5S aoys 1 spus TR0 J
Ghazizade and Moslehi, 2017)
Ul e S s cts (o 5 olasdl sla o esdle

Stan (Sl 5355 5 653 08 O 0l r shad 4 s

Journal of Water and Wastewater

Vol. 31, No. 2, 2020

dodde —
ol s O s slaalos ol O¥ a5l (S o
s ST 3l e o lis 6Vl o (s sbes ol ol
32 Sladd St luia g5 g0 Caws 51 S 3 353 g0 Sl
il st 158 o pline Sl Cilzie sla 528 s
G ¥ 51 s o asilanm 55 (sloy 528 5 ot S ol (glino
i U tr 5 s (sla iS5 5 Kb 4 (53505 2T 2o ¥

\¥44 de Al o)l»-ir X 092



dx.doi.org/10.22093/wwj.2019.163790.2794

g litd Cy oo (o8laid] fuloor

shaslalc Jae 53 .(Vicente et al., 2015) Sl s 53 5
Sl s Lol Las alS b, L samlS gl o
gt S5 glols Gblia s Lo saso 55, 51 pastn
S in s sBtess Gl Lo, ol S8 o hos 28
2SS 7 55 95 (glols JLad aalS gl od g0 DS 4 LS
i (S S Sy

Sl b salS slo i o Foslizal 5 o 5 008
(FO) a2 5,5 Lol samals oo ot S wizen (S50
b 55 ol Sy 5Lad o s il o 5 shase
Sl 53580 b S ks s ol aSs cns YL L 5l Jines
s Doyt anly 5t LU g5 LS Gl ks
5 S9N Dl g 28 iy Ly 3w 5o (b syl (b
sl olzd ol gl b xS glaen 55 Sl
DB eslial sy 5 5 4l a5 (S S laen S S
Lolsd eusalS oo 0 o5 o o) 5l S il S
"0l s (TM) "0l s gitoe soris glooassS S
35S LT RNM) 5 ol 51 S o8 oy o 2n 5 (FM)
soad JSas sl e Gy SUS K 5HTM la il
3L s sliad Glajosgs o 5 aS Wy e (e sl S
FM s ,—5 Lal(Awad et al., 2008) 553 -ools sV
Qﬁ‘dﬁjbuﬁdeﬁdﬂiojl{wamm%w
s 5 5 el a5 gy (sl i s Sl eslizl IS
anlS ot 31 eslinad of Sitn g 31 6515 23 1S o oy g
Yy Lt g e e i ol s 1 (S S L
{(Lambert and Fantozzi, 2010) wlss 53 5 e

Labss i A5 5 it LS5 (S i &y e 2 S
o 31 5K tas 1o Ll ol et G2alS 5 58 oy
JRRREICICIRY I By et SUSTRICINC R I SHK SRR SN
50l mta Zyls) Gl il ladyd jee (1581 bad ) (2 se5
(Lambert and s,ls|, 0T G ,ze Sl 5l 5 JralS
Thornton, 2012, Moslehi and Jalili Ghazizadeh, 2016)

? Pressure Reducing Valves (PRVs)

? Fixed Outlet (FO) PRVs

* Time-Modulated (TM) PRVs

* Flow-Modulated (FM) PRVs

¢ Remote Node-based Modulation (RNM) PRVS
7 Advanced Pressure Control (APC)
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Fig. 1. The percentage reduction in reported and
unreported leakage versus percentage reduction in
maximum pressure at the AZP (Lambert et al., 2013)
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Fig. 2. The effects of the pressure management on the reduction of reported,
unreported and background leakages and also the economic intervention
frequency between two active leakage surveys
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Table 1. The results of the minimum night flow analysis in the DMA and the estimated total annual
and daily leakage for implementation of the pressure management systems
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y (L/h) (NDF) (m) (m*/day)  (m’/year)
Fixed Outlet (FO) 23035 86741 63706 224 419 1424 519764
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(F(;/V[; odulate 18428 75864 57436 208 36.47 11934 435592
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Table 2. The parameter values used in the economic analysis of pressure management

Parameter Term Value Unit

Unit cost of water production CWP 10434 Rial / m’

Water price paid by the customer CWT 4500 Rial / m’
Marginal cost of water CvV 6260 Rial / m’
Average cost of repairing a break at connections CB 0.86 Million Rials / Break
Average cost of repairing a break at mains CB 89.4 Million Rials / Break
Constant leakage monitoring (mains) Cim 1 Million Rials / km of main
Constant leakage monitoring (connections) Cne 0.05 Million Rials / connection
Variable cost of unreported leakage detection (mains) Cwmp 2.5 Million Rials / Break
Variable cost of unreported leakage detection (connections) Cep 1.8 Million Rials / Break
Value of consumed energy to distribute 1m?* of water Cep 1 KWh /m’

Cost of energy consumed Cep 657 Rial / KWh

Value of consumed energy to produce 1m?® of water Cewr 0.4 KWh /m’

Value of consumed energy to treat 1m’ of wastewater Cewwr 0.75 KWh /m’

Cost of purchase and installation of PM system through FO-PRVs  CCPRV 886.5 Million Rials

Cost of purchase and installation of PM system through TM- CCPRV 1108 Million Rials

PRVs

Cost of purchase and installation of PM system through FM-PRVs  CCPRV 1152 Million Rials

SLad amd ity Cu pae bl 6l 2! 51 ol sloan 50 =Y g

(U 55 b oseks) sl 4l 61
Table 4. The costs of implementing advanced pressure
management system in the DMA (Million Rials per year)

Components of the
developed mathematical

Type of pressure
management system
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Table 3. Benefits arising from implementing advanced
pressure management system in the DMA (Million Rials

model ™ FM
Revenue reduction due to
Pressure-sensitive demand 72.4 102.8
reduction (CDRD)
Annual cost of PM system 375.1 390.1
Total costs 447.5 492.9
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per year)
Type of pressure
Components of the developed management
mathematical model system
™ FM
Leakage reduction (CLW) 729.4 878.3

Break frequency reduction (CBR) 224.7 303.6
Pressure-sensitive demand

reduction (CDR,) 186.6 264.8
Active leakage control effort

reduction (CALC) LBy Le1
Building damages reduction

(CBD) 11.7 15.7
Direct energy reduction (CDE) 57.7 72.0
Indirect energy reduction (CIE) 16.6 26.1
Indirect water reduction (CIW) 91.6 114.3
Total benefits 1438 1842.5
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Table 5. The obtained net benefit and the benefit-cost
ratio for implementing advanced pressure management

system in the DMA (Million Rials per year)

Components of the Type of pressure

developed management system
mathematical model ™ FM
Net bf:neﬁt (Million 990 5 1349 6
Rials / year)
Benefit-cost ratio (B/C) 3.2 3.7
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Fig. 3. Percentage of benefits arising from implementing
advanced pressure management system for the
components of the developed mathematical model
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