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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 WDNs. 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. 
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1 Net Present Value (NPV) 
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�  ��� ��^��[3$ ��!% ���  
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and Clayton, 2007, Puust et al., 2010)  .
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Creaco and Walski, 2017).

Reductoin in maximum AZP pressure (%) 

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 

Annual 
leakage 

(m3/year) 

Daily 
leakage 
(m3/day)

Average 
pressure 

(m)

Night-
Day 

Factor 
(NDF)

Leakage 
(L/h) 

MNF 
(L/h) 

Night 
consumption 

(L/h)
Type of PM 

system 

5197641424 41.9 22.463706 86741 23035Fixed Outlet (FO) 

449854 1232.5 38.03 21.2 58237 76665 18428 Time-Modulated 
(TM) 

435592 1193.4 36.47 20.8 57436 75864 18428 Flow-Modulated 
(FM) 
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�  
����#$ ���N ,����Q f����B �) :�G�@�� ��� �9��� �)
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�J�� �L� .(Fantozzi and Lambert, 2012) .
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 ����.(Sajjadifar et al., 2017, Tabesh and Beigi, 2017, 

MOE, 2018).
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Table 2. The parameter values used in the economic analysis of pressure management 

Unit Value TermParameter 
Rial / m310434 CWP Unit cost of water production 
Rial / m34500 CWT Water price paid by the customer 
Rial / m36260CV Marginal cost of water

Million Rials / Break0.86 CB Average cost of repairing a break at connections 
Million Rials / Break89.4 CBAverage cost of repairing a break at mains 

Million Rials / km of main 1CLM Constant leakage monitoring (mains) 
Million Rials / connection 0.05 CNC Constant leakage monitoring (connections) 

Million Rials / Break2.5 CMD Variable cost of unreported leakage detection (mains)  
Million Rials / Break1.8CCD Variable cost of unreported leakage detection (connections) 

KWh / m31CEDValue of consumed energy to distribute 1m3 of water
Rial / KWh657CED Cost of energy consumed 
KWh / m30.4CEWT Value of consumed energy to produce 1m3 of water
KWh / m30.75CEWWT Value of consumed energy to treat 1m3 of wastewater

Million Rials886.5 CCPRV Cost of purchase and installation of PM system through FO-PRVs 

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

Million Rials1152 CCPRV Cost of purchase and installation of PM system through FM-PRVs 

��)P5x���$� ;� 4N�� ��")�� ���� ��@J 
�J�@�H �	�	#� 
�����

(.�� �) .�	� ���/��) 
B 0	� 
���� 
Table 3. Benefits arising from implementing advanced 

pressure management system in the DMA (Million Rials 
per year) 

Type of pressure 
management 

system
Components of the developed 

mathematical model 
FM TM 

878.3 729.4 Leakage reduction (CLW) 
303.6224.7Break frequency reduction (CBR) 

264.8186.6Pressure-sensitive demand 
reduction (CDRa)

167.7 119.7 Active leakage control effort 
reduction (CALC)

15.711.7 Building damages reduction 
(CBD)

72.057.7Direct energy reduction (CDE)
26.116.6Indirect energy reduction (CIE)

114.3 
1842.5

91.6 
1438

Indirect water reduction (CIW) 
Total benefits
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Table 4. The costs of implementing advanced pressure 
management system in the DMA (Million Rials per year) 

Type of pressure 
management system

Components of the 
developed mathematical 

model FM TM 

102.8 72.4 
Revenue reduction due to 
Pressure-sensitive demand 
reduction (CDRb)

390.1375.1Annual cost of PM system
492.9447.5 Total costs 
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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) 
Type of pressure 

management system
Components of the 

developed 
mathematical model FM TM 

1349.6 990.5 
Net benefit (Million 

Rials / year) 
3.7 3.2Benefit-cost ratio (B/C) 
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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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Fig. 4. Percentage of costs of implementing advanced 
pressure management system for the components of the 

developed mathematical model 
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