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Abstract 

Pressure is one of the most important hydraulic parameters in urban water 

distribution networks and deviations from the permissible range can lead to 

increased leakage, reduced equipment lifespan, and energy losses. Although 

Pressure Reducing Valves are widely used as the most common tools for pressure 

management, this approach leads to considerable energy dissipation. In recent 

years, Pumps As Turbines has been used as an alternative or complementary 

element compared to PRVs, particularly in networks with significant differences 

in elevation and excess head, has become common. However, most previous 

studies have either focused primarily on energy generation or have not 

comprehensively investigated the hydraulic impacts of PATs based on Pressure 

Driven Analysis. In this study, the performance of PATs and PRVs in terms of 

pressure management, leakage, and energy recovery is comparatively 

investigated for the Baharestan WDS in Isfahan Province using PDA and a 24-

hour Extended Period Simulation. The network was modeled considering three 

scenarios including: without valve, with PRV, and with replacement of PRVs by 

PATs. The results showed that PRV installation reduced the average network 

pressure from 51.11 to 35.91 m and decreased the average leakage from 64.65 to 

44.26 L/s. However, replacing PRVs with PATs resulted in smaller reductions in 

pressure and leakage (average pressure of 45.03 m and leakage of 59.56 L/s) 

compared to PRVs, but enabled energy recovery of 73.28 kW during the 24-hour 

EPS. Overall, the results indicate that PRVs are more effective in pressure 

control and leakage reduction, whereas PATs, while maintaining hydraulic 

stability, offer substantial potential for recovering dissipated energy. These 

results suggest that PATs should not be considered a complete replacement for 

PRVs, but rather a complementary option to support informed decision-making 

in pressure and energy management of UWDN. 
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1. Introduction 
Urban water distribution networks

1
 operate under 

complex hydraulic conditions governed by 

topography, network configuration, and 

spatiotemporal demand variability. In many 

systems, elevation differences and conservative 

design practices lead to excess pressure value in 

downstream areas. Increasing pressure value is a 

primary driver of more background leakage, pipe 

bursts, and mechanical degradation of 

infrastructure, ultimately increasing operational 

costs and reducing asset lifespan (Rossi et al., 

2019).  

Conventional pressure management method 

generally relies on pressure reducing valves
2
, 

which effectively regulate nodal pressures but 

dissipate recoverable hydraulic energy. However, 

several researchers have proposed Pumps as 

Turbines
3
 as an alternative mechanism for 

utilizing surplus hydraulic head to generate 

electricity while controlling pressure as follows. 

Sambito et al. (2021) and Pirard et al. (2022) 

applied multi-objective optimization to maximize 

PAT energy recovery, highlighting the 

importance of discharge redistribution and 

hydraulic constraints. More recently, Manservigi 

et al. (2023) and Marini et al. (2023) 

demonstrated that optimal PAT selection and 

scheduling can recover up to 40–50% of available 

hydraulic energy in real networks.  

Despite these advances, most previous 

investigations rely on demand-driven analysis
4
 

and primarily focus on energy generation 

potential. Limited attention has been given to 

pressure-driven hydraulic behavior and leakage 

response under PAT operation, particularly for 

real-scale networks subjected to diurnal demand 

variation. Moreover, comparative assessments of 

PRVs and PATs under identical installation 

locations remain scarce. Accordingly, the present 

study aims to provide a pressure-driven analysis
5
 

comparative evaluation of PRVs and PATs in a 

real urban network, simultaneously examining 

pressure regulation, leakage dynamics, and 

energy recovery under extended period 

simulation
6
. 

 

2. Materials and methods 
2.1. Study area and network description 
The Baharestan UWDN in Isfahan Province was 

                                                 
1
 Urban Water Distribution Networks (UWDNs) 

2
 Pressure Reducing Valves (PRVs) 

3
 Pumps As Turbines (PAT) 

4
 Demand-Driven Analysis (DDA) 

5
 Pressure-Driven Analysis (PDA) 

6
 Extended Period Simulation (EPS) 

selected as the case study (Fig. 1). The network 

consists of 3147 nodes, 3413 pipes, one reservoir, 

and eleven PRVs.  

 

2.2. Hydraulic modeling framework 
Hydraulic simulations were conducted using 

EPANET 2.2 under PDA to realistically represent 

nodal demand satisfaction under pressure-

deficient conditions. EPS over 24 hours was 

adopted to capture temporal demand variations. 

Nodal demand was calculated using the Wagner 

formulation 

 

(1)  
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Where,

   is supplied demand,     is required demand, 

  is available nodal head,     is minimum 

pressure head, and     is required pressure head. 

Network leakage was estimated using a 

pressure-dependent model 

 

         
                                                      (2) 

 

      ∑         
 
                                         (3) 

 

Where, 

  is leakage at node j,    is connected pipe 

length,   is nodal pressure, C is the leakage 

coefficient, and α (=1.18) is the pressure 

exponent. This formulation was applied to 

evaluate leakage variations among conditions 

rather than absolute leakage calibration. 

 

2.3. PAT selection and energy recovery 
Pumps were selected based on flow and head 

conditions observed at PRV locations using 

characteristic pump curves. Best efficiency 

points
7
 were extracted from manufacturer 

catalogs. Electrical power generated by PATs was 

calculated as 

 

                                                     (4) 

                                                 
7
 Best Efficiency Points (BEP) 
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Fig. 1. Schematic map of Baharestan network 

 

Where, 

P is produced power (W), ρ is water density, g 

gravitational acceleration, Q turbine discharge, H 

recoverable head, and η PAT efficiency. 

 
2.4. Condition definition 
Three operational conditions were evaluated 

Condition 1: Baseline operation without pressure 

control devices.  

Condition 2: Installation of PRVs with uniform 

set pressure. 

Condition 3: Replacement of PRVs with PATs at 

identical locations. 

3. Results and discussion 
Under baseline conditions (condition 1), the 

Baharestan network exhibited significant excess 

pressure across large portions of the system. As 

summarized in Table 1, the results indicate 

inefficient hydraulic operation and elevated 

physical water losses. 

Table 2 shows that average pressure decreased 

to 35.91 m, accompanied by a reduction in 

leakage to 44.26 L/s. 

 
Table 1. Results of hydraulic parameters of Baharestan 

network in PDA analytical conditions (Condition 1) 

Leakage (l/s) Pressure (m) Parameter 

21.74 16.07 Minimum 

65.74 51.11 Average 

84.85 76.78 Maximum 

 

In the third condition, all PRVs were replaced 

with PATs at identical locations to isolate 

hydraulic impacts. As presented in Table 3, 

although pressure reduction was less pronounced 

compared to PRVs, minimum nodal pressures 

improved, enhancing supply robustness. 

Total electrical energy recovered during the 

24-hour EPS reached 73.28 kW, as summarized 

in Table 4. 

Fig. 2. compares average nodal pressure over 

the 24-hour EPS for three conditions. 

 
Table 2. Results of hydraulic parameters of Baharestan 

network in PDA analytical conditions (Condition 2) 

Leakage (l/s) Pressure (m) Parameter 
15.41 8.50 Minimum 
44.26 35.91 Average 
71.67 63.51 Maximum 

 
Table 3. Results of average nodal pressure and average 

leakage in Baharestan network in PDA analytical 
conditions (Condition 3) 

Leakage (l/s) Pressure (m) Parameter 

18.31 13.45 Minimum 

59.56 45.03 Average 

78.94 71.08 Maximum 

 
Table 4. Results of energy production of PATs in PDA 

Total energy produced 
(kW) 

Valve number 

15.43 1 
8.66 2 
2.67 3 
1.74 4 

10.58 5 
1.27 6 
8.06 7 
1.30 8 

14.49 9 
7.47 10 
1.61 11 

73.28 Total 
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Fig. 2 . Comparison of average nodal pressure 

values for 24 hour EPS in the Baharestan network for 

three proposed conditions 
 

Pressure zoning results (Fig. 3 and Table 5) 

further indicate that PRVs produced the lowest 

average pressures across all zones, while PATs 

preserved higher minimum pressures, reducing 

the risk of service interruptions. 
 

4. Conclusion 
This study provided a pressure-driven 

comparative assessment of PRVs and PATs in a 

real UWDN. Results confirm that PRVs deliver 

the most effective pressure suppression and 

leakage reduction. However, PATs maintain 

acceptable hydraulic performance while enabling 

substantial energy recovery, highlighting their 

value as complementary devices rather than full 

replacements. The findings support hybrid 

deployment strategies integrating PRVs for 

critical pressure regulation and PATs in locations 

with persistent excess head. Such approaches can 

improve operational sustainability by balancing 

hydraulic reliability and energy efficiency.

 

 
Fig. 3. Map of Baharestan network pressure zone 

 

Table 5. Results of average nodal pressure of Baharestan network zones during EPS 

in all three proposed conditions 

Maximum Average Minimum Zone\Parameter Condition 

72.90 32.94 20.67 Zone 1 

Condition 1 66.19 39.78 16.03 Zone 2 

50.85 31.10 15.21 Zone 3 

59.71 18.50 18.50 Zone 1 

Condition 2 57.16 13.78 13.78 Zone 2 

46.87 13.11 10.32 Zone 3 

64.23 24.11 19.21 Zone 1 

Condition 3 62.74 24.34 14.64 Zone 2 

48.29 20.26 13.94 Zone 3 
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Fig. 1. Research methodology flowchart 

 

Fig. 2. Schematic map of Baharestan network
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PDA

PDA

Table 1. Results of hydraulic parameters of Baharestan 
network in PDA analytical conditions (condition 1)

Leakage 
(l/s)

Pressure 
(m)

Parameter

21.74 16 07Minimum

65.7451.11Average
84.8576.78Maximum

PRV

PDA

PRV

PRV

PDA

Table 2 Results of hydraulic parameters of Baharestan 

network in PDA analytical conditions (condition 2)

Leakage 
(l/s)

Pressure 
(m)

Parameter

15.41 8.50Minimum

44.2635.91Average

71.6763.51Maximum

PRV

PRV

PATPRV

PDA

PATPRV

PDAPAT

PATPRV

PDA

PAT

PRV

PRVPAT

PAT

PAT
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PDA

Table 3  Selected pump information from the Pumpiran catalog in PDA analytical mode 

Flow 
(l/s)

Head 
(m) 

Efficiency 
(%) 

Pump typeValve number

277.19 41.3880P 100-2001
137.0833.5870P 65-2002
73.0129.7175 P 50-1603
1.37 14.94 25P 32-200 4 

14.02 41.33 42 P 32-200 5 
1.12 41.33 35 P 40-315 6 

188.02 27.97 55 P 125-315 7 
38.93 29.03 73 P 50-160 8 
173.68 46.20 72 P 100-400 9 
129.94 29.13 73 P 100-315 10 
83.14 18.10 76 P 80-250 11 

PDA

Table 4. Results of average nodal pressure and average leakage in Baharestan network in PDA analytical
conditions (Condition 3) 

Leakage 
(l/s)

Pressure (m)Parameter

18.31 13.45Minimum

59.5645.03Average

78.9471.08Maximum

 

PATPDA 

Table 5. Results of energy production of PATs in PDA  

Total energy produced 
(kW)

Valve 
number

15.431
8.662
2.673
1.74 4 

10.58 5 
1.27 6 
8.06 7 
1.30 8 

14.49 9 
7.47 10 
1.61 11 

73.28 Total 

PRV

PAT

PRV

PAT

 PRV

PRV

PAT

 



                             dx.doi.org/10.22093/wwj.2025.557753.3528 

                                   Water and Wastewater 

                                      Vol. 36, No. 3, 2025 

Fig  3. Comparison of average nodal pressure values for 

24 hour EPS in the Baharestan network for three 
proposed conditions
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Fig. 4. Map of Baharestan network pressure zone

Table 6. Results of average nodal pressure of Baharestan network zones during EPS

in all three proposed conditions 

MaximumAverageMinimumZone\ParameterCondition

72.90 32.94 20.67Zone 1
Condition 

1
66.1939.78 16.03Zone 2

50.8531.10 15.21Zone 3

59.71 18.50 18.50Zone 1
Condition 

2
57.1613.78 13.78Zone 2

46.8713.11 10.32Zone 3

64.23 24.11 19.21Zone 1
Condition 

3
62.7424.34 14.64Zone 2

48.2920.26 13.94Zone 3

 

PATPRV
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