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Abstract: Water is vital to ensure human development. Water and energy consumption rose 
significantly with population growth and urbanization at a global scale. Water resources and 
infrastructures management is of high importance regarding future sustainability. 
Water Distribution Networks (WDN) tend to reach high water pressure levels, associated with 
leakage, as they operate in diverse hydraulic conditions, needed to guarantee the quality of the 
water supply to the population. Pressure Reducing Valves are widely used in WDN management 
to control the excess of pressure, reducing water losses. They operate by dissipating the excess 
of hydraulic energy in the network. Pump as Turbines (PAT) implementation offers an opportunity 
for energy recovery, by transforming hydraulic power into electrical production. This clean source 
enables costs reduction, improving the reliability and overall efficiency of WDN. 
The work aims on presenting an integrated solution in relation to pressure and leakage control 
and energy recovery by software modelling of a real WDN endowed with seasonal consumption 
variability. The design approach comprises the application of PRV and PAT, evaluating their 
performance in terms of system capability, sustainability and flexibility and PAT efficiency, 
allowing simultaneously adequate pressure and leakage control and energy recovery in the WDN. 
Additionally, an economic analysis to assess the solution’s feasibility is presented, concluding 
that, despite the good performance overall, equipment costs are still a major drawback. 
Acknowledging the synergy between water and energy and taking advantage of these methods 
regarding WDN management contributes to achieve the sustainable development. 
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1. Introduction 
Water is at the core of sustainable development. Water resources exploitation promotes 
economic growth and environmental sustainability. Nevertheless, water management is still not 
considered a priority for governments around the world nor relevant to the public opinion. Water 
crisis is reflected by its governance and not its unavailability [1]. Neglecting this issue brings 
negative impacts on society, socially and economically [2]. Water demand is highly dependent on 
population growth and urbanization [1]. The demand originates stress on the water resources and 
infrastructures and promotes water scarcity, therefor water resources need to be correctly 
managed, by optimizing efficiency in the production processes[2]. Focusing attention in 
alternative energy sources, especially renewable energy applied in a global scale, is a way to 
achieve sustainability. New technology development, namely energy recovery in WDN by 
hydroelectric production, brings environmental and economic advantages as it comprehends low 
carbon emission values and clean energy in a feasible and efficient way [3]. WDN have variable 
operating conditions associated with high pressures which originate an excess of hydraulic 
energy. Higher productivity and efficiency can be reached by controlling pressure and 
transforming energy potential into hydroelectric production. WDN optimization should take into 
account the use of PRV and PAT, as PRV and PAT are responsible for pressure and leakage 
control and PAT produces electricity [4][5].  



	 2 

2. Water Sector Overview 
Water is scarce nowadays and it tends to get worse. Imbalances between supply and demand, 
pollution and conflicts, are responsible for the increasing shortage of this resource [6]. Under 
these circumstances it is imperative to adopt strategies that allow us to preserve water. 
 

2.1 Population growth and Urbanization  
World population grew exponentially since the beginning of the twentieth century. Industrialization 
and urbanization intensified due to the decrease of mortality and increase of human life 
expectancy. As such, urban population clusters grew, to the detriment of rural population (figure 
1). It is expected that in 2050 the population reaches 10 billion, two thirds of which being urban. 
This prospect pushes stress of global water availability [1]. 

 
Figure 1 - Distribution of urban population across the world 

2.2 Water infrastructures and Governing 
Water Supply Systems (WSS) are of extreme importance in the livelihood of mankind. None the 
less, there are many countries that do not possess water infrastructures and the ones that do 
hold substantial losses [5]. Financing is limited due to economic crisis, so focusing on WSS is not 
a priority to governance [7]. The challenge in modern WSS is then to supply water with quality at 
affordable prices [8].  
In Portugal, WSS management is under a revolution, that has begun in the middle of 1990s. Back 
then, management was unwise, which lead to the degradation of infrastructures and consequently 
to system failures [9]. Nowadays, the water sector is divided in water supply and wastewater, and 
it is considered a public service, of structural character, essential to human well-being. 
Despite the fact that small sized water authorities are still facing poor performance, major 
improvements have been made regarding WSS. Government and water authorities put their 
efforts in promoting water policies, by promoting efficiency and green growth, assuring 
environmental improvement. It is estimated that 99% of public water is safe, against 50% in 1993. 
The average water loss is at 30%. Governance awareness regarding this issues and present 
measures to mitigate them are portrayed in PENSAAR 2020 report, which should be followed by 
all water authorities and municipalities [10]. 
There is enough water to comply with people necessities. However, it is mandatory to change the 
way the water is used, shared and managed [1]. 
 

3. Water Distribution Networks Management 
Drinking water supply aggregates catchment, treatment, elevation, transportation, storage, 
distribution and consumption of this resource. Storage and distribution is of vital importance, since 
advantage of hydraulic potential can be taken in these stages. The efficiency and sustainability 
of these systems are performance indicators to water management authorities. Such parameters 
should be assessed in order to comprehend the risk associated with water distribution [11]. 
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3.1 District Metering Areas 

District Metering Areas (DMA) establish boundaries in water pipe systems and were created to 
monitor and reduce water leakage. DMA size varies depending on the topography and pipe 
density in the networks, according to the financial capacity of water authorities. Its’ implementation 
allows reducing complexity in WDN management, by evaluating water consumption patterns, 
water and pressure monitoring, valve and tank control, as well as client billing information. It is 
currently the main activity developed by authorities in the scope of water systems [11]. 
 

3.2 Pressure management and Leakage control 
Accounting for water loss, which is inevitable, is one of the biggest challenges faced by water 
authorities and stakeholders as they represent waste of money and resources. Real water loss 
will be defined and evaluated. Real water loss tends to happen most frequently in high density 
pipe networks in small end-user branches, rather than in larger distribution pipes [12]. However, 
it is in distribution pipeline that the most volume of water is lost [13]. Leakage control is achieved 
mainly through active control, where periodic leakage detection, location in DMA is preeminent. 
Benchmark analysis and new scenario comparison is made to evaluate the success of the 
actions. Leakage methodologies are divided by top-down and bottom-up approaches [14]. 
Operating pressure level, water management authorities (municipalities and private companies), 
resource availability and aging of pipes are factors that influence water loss [11]. 
Experience has shown that pressure reduction and control has positive impacts on the volume 
and frequency of water loss [5], reducing maintenance and resource costs, and contributing to 
maintain constant water supply and savings [15]. Pressure management is one of the most used 
tools in water loss control and its exploitation should be maximized [5]. Most WDN do not have 
active loss control, enhancing the application of PRV in an ever growing number of DMA is a step 
towards sophisticated pressure control [16]. 
 

3.3 Pressure Reducing Valves and Pump as Turbines 
Pressure Reducing Valves (PRV) are used in WDN to reduce and stabilize pressure efficiently. 
PRV create head loss, by dissipating hydraulic potential, reducing downstream pressure [17]. 
PRV should assure minimum pressure levels and guarantee correct operational standards in all 
the network [16]. Recently, aiming to combine water saving and energy recovery, PAT 
implementation by PRV replacement is being studied. PAT recovers the excess pressure, 
commonly available in WDN, turning it into electric power [18], making them feasible at a 
microscale energy production level. In steady-state conditions, PRV and PAT have similar 
behaviour, although their dynamic response in transient conditions is unknown [17]. PAT have 
low maintenance, repairing and acquisition costs, as well as minor environmental impact in 
systems but the flow operating range is narrower comparing with usual turbines and so it should 
be carefully selected to obtain the best efficiency [18]. In WDN, flow and head pattern variations 
may lead to lower energy production thus resulting in negative operating implications. Still, the 
main disadvantage of PAT is not having a flow control metering device, disallowing efficiency 
optimization whenever flows changes [4] [19]. Notwithstanding its disadvantages, PAT are a good 
alternative in energy recovery, reducing dependence on external sources of power, contributing 
to sustainable development. The existence of slopes favors its implementation in WDN, avoiding 
high pressure zones [20] [17]. 
 

3.4 Energy production in Water Supply Systems 
There is relatively high hydraulic power in Water Supply Systems (WSS), where WDN are 
included, namely in the water transmission and distribution pipes. Still, hydraulic regime has 
significant variations, related with each water consumption pattern. Perceiving the patterns and 
how to assess its variation is an essential tool to estimate the systems’ energetic availability, 
allowing good decision making in order to obtain economic benefit [21]. 



	 4 

One recent methodology, Variable Operating Strategy (VOS), was developed to deal with flow 
and head variations in WSS, via PAT implementation and regulation, thus consequently 
optimizing energy production. PAT control is achieved by hydraulic regulation (HR) and electrical 
regulation (ER). HR operating mode scheme consists in two branches, one where it is installed 
one control valve in series with the PAT – the production and dissipation branch, and the other – 
the regulating branch – has a bypass valve installed in parallel (figure 2 (a)). In HR mode, if the 
available head ∆𝐻# is higher than the PAT head (operating point above its characteristic curve 
(CC), figure 2 (b)), the CV placed in series dissipates the excess pressure. On the other hand, if 
the discharge 𝑄# is higher (operating point below its CC, figure 2 (b)), the PAT creates a head 
higher than the available and so the bypass opens, reducing the discharge in the PAT to 𝑄%. In 
ER mode, the installation includes a BT and an inverter (figure 2 (a)). The operating speed of the 
generator adapts to match flow rate and head values (figure 2 (b)). HER mode combines both HR 
and ER modes (figure 2 (b)) [22] [23] [24]. 
 

	
Figure	2	-	(a)	Installation	schemes	for	HR	and	ER	mode;	(b)	VOS	operating	conditions 

In general, the choice of a PAT implementation strategy lies on which machine achieves the 
highest plant efficiency. The plant efficiency is given by the ratio between produced energy and 
available energy [22]. 
 

3.5 Network Effectiveness 
Network Effectiveness (𝐸)	allows a correct PAT implementation strategy. It defines the viability 
of a solution in terms of capability 𝜂+, , reliability (𝜇+, ) and sustainability (χ+, ) (equation 1). 
System capability	 𝜂+,  expresses as the ratio between electric energy produced and available 
hydraulic energy, for a given demand pattern (equation 2). The sustainability (χ+, ) takes into 
account the effectiveness reduction when the deliverable head drop is different from the available 
head drop (equation 3). System reliability (𝜇+, ) is defined as the “probability that a component, 
system or process will work without failure for a specified length of time when operated correctly 
under specific conditions”. Its value is given by empirical experimentation and it tends to be lower 
the farther from BEP the operating point is (figure 3) [4] [24]. 
 

𝐸 = 𝜂+, 𝜒+𝜇+,  (1) 

 

𝜂+, =
𝐻,%𝑄,%η,%∆𝑡,3

,45

𝐻,𝑄,∆𝑡,3
,45

; 	𝑄,% ≤ 𝑄,,			𝐻,% 	≤ 	𝐻, 
(2) 

(where 𝑛 is the number of points in the operating zone, 𝑄,% is the PAT discharge (𝑚;/𝑠), 𝑄, is the 
discharge (𝑚;/𝑠), 𝐻,% is the head in the PAT (𝑚), 𝐻, is the head needed for regulation (𝑚), ∆𝑡, is 
the time interval with constant hydraulic values (ℎ) and η,%

 is the PAT efficiency. 
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χ+, = 1 + 𝛼
𝐻% − ∆𝐻#

𝐵𝑃

E5

 
(3) 

where	α is the penalty factor (−), 𝐵𝑃 is the backpressure (𝑚), ∆𝐻# the available head in the 
system 𝑚  and 𝐻% the head delivered by the PAT (𝑚) [24]. 
 

	
Figure 3 - Standard reliability curves, pump and turbine modes [24] 

3.6 Future Sustainability 
Water industry is facing management problems nowadays. Negative impacts derived by climate 
change, population growth and urbanization made governance, municipalities and water sector 
companies combine efforts to find adaptive solutions towards sustainability [25]. 
Smart Water Technologies (SWT) such as Smart Water Grids (SWG) were created, in order to 
assess the quality of water supply service, helping to reduce costs and increase efficiency in 
WDN. SWG consist in a combination of smart devices (like Smart Water Pipes and Sensors and 
GIS and/or SCADA platforms) that monitor and diagnose problems in WDN. Optimization of water 
usage and distribution are main key factors [26] [7]. SWG rely deeply on investment and financing, 
which are major step backs when implementing these new technologies, mainly regarding political 
or institutional issues. The lack of knowledge of water crisis and benefits of SWT is still not 
perceived [2] [7]. Water and energy Nexus emphasizes that the relation between water and 
energy [27]. 
Combining this new Nexus with SWG knowledge it is possible to achieve future sustainability. 
Energy consumption has increased significantly. Today and in the future, renewable energy is 
expected to make an important contribution to global electricity production.	The development of 
renewable energies has a promising future, with positive impacts on the environment and stable 
generation of electricity. Applying energy production to WDN aims to sustainable growth [3]. 
 

4. Case study presentation and Methods 
Case study Quinta da Beloura’s DMA was chosen. It supplies a population of circa 5000. The 
network has a length of 15,4 km and was built in the early 2000s. To study the pressure and water 
loss reduction, as well as the viability of energy recovery by PRV and/or PAT implementation in 
a WDN, it is necessary to analyze its characteristics (morphology, topology, hydraulic behaviour 
and water consumption pattern) and also regard WDN regulatory standards, legislation and 
available hydraulic software and equipment. 

4.1 Water demand patterns 
The consumption data was obtained from first year of operation of a flow meter and a data-logger 
attached, located upstream the distribution network. The average annual flow was then 
determined, which allowed the construction of different temporal demand patterns. After 
examination of monthly, weekly and daily water consumption, it was established that the WDN 
has three distinctive seasonal hourly demand patterns, as shown in figure 4. 
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Figure	4	-	Average	daily	consumption	patterns	

4.2 WDN regulatory standards 
WDN should take into account velocity and pressure criteria. According to legislation, the 
maximum pipe velocity for the design period is defined by equation 4 and should not has a value 
less than 0,3 (𝑚/𝑠). Discharge valves should be installed when this velocity is not met. Pressure 
standards should also be verified. The maximum service pressure must not exceed 600 𝑘𝑃𝑎 and 
has to be higher than the minimum defined by equation 5; the maximum daily pressure fluctuation 
must not exceed 300 𝑘𝑃𝑎. 

𝑉 = 0,127𝐷N,O (4) 

where 𝑉 is the maximum velocity	(𝑚/𝑠) and 𝐷 is the internal diameter of the pipe (𝑚𝑚). 
𝐻Pí3 = 100 + 40𝑛 (5) 

where 𝐻Pí3 is the minimum pressure (𝑘𝑃𝑎) and 𝑛 is the number of floors above ground level, 
including the ground level (−) [28]. 
 

4.3 Hydraulic Simulation 
Hydraulic simulation will permit experimental analysis of pressure and leakage control and energy 
recovery. The definition and calibration of the network model will depend on the success of the 
software and user. WaterGEMS (WG) software was used for the simulations. WG solves for the 
distributions of flows and hydraulic grades using the Gradient Algorithm in steady-state and 
extended period simulation (EPS) modes. The network behaviour can be studied as it is driven 
by the Conservation of Mass and Energy Principle and the Energy Principle. Conservation of 
Mass is applied in network nodes, equation 6: 

𝑄ST ∆𝑡 = 𝑄UVW ∆𝑡 + ∆𝑉X (6) 

where 𝑄ST is the total flow into the node (𝑚;/𝑠), 𝑄UVW is the total demand at the node (𝑚;/𝑠), ∆𝑡 
is the time interval (ℎ) e ∆𝑉X is the change in storage volume (𝑚;). 
The Energy Equation states that balancing the energy across two nodes in the system, its’ 
changes in head gain and head losses following equation 7: 

𝑝1
𝛾
+ 𝑧5 +

𝑈5]

2𝑔
=
𝑝2
𝛾
+ 𝑧] +

𝑈]]

2𝑔
+ ℎ_ 

(7) 

where 𝑝 is the pressure (𝑁/𝑚𝑚]), 𝛾 is the water specific weight (𝑁/𝑚;), 𝑧 is the elevation (𝑚), 
𝑈, is the velocity (𝑚/𝑠), 𝑔 is the gravitational acceleration constant (𝑚/𝑠]) and ℎ_ the total loss 
(𝑚). 
Conservation of Energy also states that the headloss through the systems must balance at each 
point, meaning the headloss between two nodes is the same, regardless of what path is taken 
between them [29]. 

0

0,5

1

1,5

2

2,5

3

Q
ah

/Q
aa

Time (h)

Normal Consumption High Consumption Very High Consumption



	 7 

 
4.4 Hydraulic Equipment 

PAT and PRV implementation will be taken into account in the experimentation. Studies found 
pumps work for higher efficiency levels in turbine mode. PAT efficiency, 𝜂,% is defined by the ratio 
between mechanical power, 𝑃P, and hydraulic power, 𝑃a, equation 8 [30]. 

η,% =
𝑃P
𝑃a

=
ωΓ

γ𝑄%𝐻e
 (8) 

where γ is the water specific fluid (𝑁/𝑚;), 𝑄% is the PAT discharge (𝑚;/𝑠), 𝐻e is the available 
head (𝑚), 𝜔 is the angular velocity (𝑟𝑎𝑑/𝑠) and 𝛤 the torque (𝑁𝑚). 
PAT characteristic curves were obtained from manufacturer KSB and are going to be modelled 
as turbines in WG (figure 5 (a)). There are existent PRV in the network and it will be studied the 
implementation of other PRV (figure 5 (b)). 
 

	

Figure 5 - (a) PAT characteristic curve; (b) - Existent PRV 

4.5 Energy Production and Economic Analysis  
Microscale plants help reduce the need of external energy sources in WDN, bringing positive 
environmental and economic impacts, reducing leakage and energy costs [31]. 
Energy production depends on the demand pattern, equation 9: 

𝐸3jklm = 𝜂γ𝑄%𝐻e∆𝑡 = 𝑃e∆𝑡 (9) 

where	𝐸3jklm	is produced energy (𝑘𝑊ℎ), 𝑃e is the power 𝑘𝑊  and ∆% the time interval (ℎ). 
The implementation strategy must be subject of an economic analysis to assure its viability. 
Project goals condition the adopted criteria in its assessment. If the goal is just revenue 
maximization, the solution that leads to greater economic benefit may not be the solution that 
optimizes cost-effectiveness. Thus, feasible energy analysis projects must be accompanied by a 
technical and economic feasibility study, and should be subsequently the targets of comparative 
analysis. Energy production analysis will be conducted with the premises of adequate production 
and adequate hydraulic viability conditions. The assessment will use economic parameters such 
as the net present value (𝑁𝑃𝑉), benefit-cost ratio (𝐵/𝐶), internal rate of return	(𝐼𝑅𝑅) and payback 
period (𝑇). The analysis will consider the transference of monetary fluxes in a system of constant 
market prices [32]. 
𝑁𝑃𝑉 is defined as the cumulative sum of revenue minus costs during the lifetime of the project, 
equation 10:  

𝑁𝑃𝑉 = 𝑅 − 𝐶 − 𝑂 − 𝑃 (9) 

where 𝑅 are the revenue, 𝐶 the capital costs, 𝑂 the operation costs and 𝑃 the reposition costs. 
The greater the 𝑁𝑃𝑉, the more attractive the solution. The 𝐵/𝐶	ratio represents the ratio between 
present value of benefits and total costs, equation 10: 
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𝐵/𝐶	 = 	
𝑅 − 𝑂
𝐶 + 𝑃

 (10) 

The greater the ratio, the more attractive is the solution. For 𝐵/𝐶 ratio values smaller than 1, 
projects are considered unviable. The internal rate of return, 𝐼𝑅𝑅, represents the discount rate 
that makes 𝑁𝑃𝑉 equal to zero. The greater the 𝐼𝑅𝑅, the better the solution. Finally, the payback 
period, 𝑇, represents the number of years until the cumulative cash-flows turn positive, meaning 
the number of years until revenue surpass the costs [31]. 
 

5. Experimentation and Results 
Experimentations will be conducted to assess the viability of PRV and PAT implementation, with 
the objective of reducing network pressure and water loss and also to study potential energy 
recovery.  
 

5.1 Master planning 
Master planning aggregates the model planning, network pattern consumption definition and 
model implementation. Model planning consists on checking for infrastructure and consumption 
data records, as well as existent valve operating controls; Network modelling: definition of pipes 
and hydraulic equipment; Water consumption patterns: Three average daily demand patterns 
reflect the consumption fluctuation. The demand allocated in each nodes varies with the 
infrastructure type (habitational, multi-habitational housing, services); Network implementation: 
tuning was performed in order to correct imperfection and irrelevant data. 
 

5.2 Network optimization and calibration 
A calibration study allows ensuring the correct model definition. Calibration study was performed 
both in steady-state conditions and Extended Period Simulation. After the implementation, the 
values of pressure in several nodes were confirmed with the municipality company. This 
observation allowed understanding that most of the network operates at high pressure levels and 
also that the method of allocating different demands to each node, by knowing the values of the 
flow meter upstream lead to a good model approximation. Also, water loss simulation, made via 
WG’s Pressure Dependent Demands function, reported losses equal to 3% of all water distributed 
for the actual present scenario. Therefore it is possible to create scenarios and analyze them, 
using the demand values and pressures obtained. The optimization consisted on understanding 
both the measures which could lower pressure in the network and the possible energy 
exploitation. There were created two additional PRV (PRV 5 and 6) and modified conditions on 
the other four existent PRV (PRV 1-4). 
 

5.3 Scenario construction 
After careful examination of flow values available in the six PRV, it was concluded that only the 
two created could be studied in terms of energy recovery. Two scenarios were then created: 
scenario 1, that exploits PRV 5 and 6 substitution by PAT and scenario 2, that has the objective 
to perceive the networks’ response to a higher consumption level, by increasing the demand in 
50% in the same conditions as scenario 1. 
 

5.4 Hydraulic equipment implementation 
The CC of each given PAT was studied for each scenario, leading to several alternatives. HR 
mode was chosen for its feasibility. It was noticed that flow values were small to be viable in most 
PAT available, making impossible the usage of two PAT by PRV 5 and 6 replacement. In this 
context, the plant consists in leaving PRV 5 instead of a bypass regulating valve (figure 6). In 
practical terms, the PRV opens and operates whenever the PAT is not working or needs flow 
dissipation in order to function. 
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Figure 6 - PAT and PRV implementation scheme 

Alternatives were then defined and conducted. The strategy is to find PAT that suit the demand 
for each seasonal pattern. Network pressure distribution and PAT and PRV operating conditions 
were the defined and evaluated for each alternative in each scenario. 
 

5.5 Alternatives Comparison; Energetic and economic analysis 
The parameters of network effectiveness were assessed and plant’s available and produced 
energy for each alternative of each scenario was quantified, leading to understanding which 
alternatives best suited the network. In scenario 1 the daily energy production reaches between 
15,8 and 38,8 kWh throughout the year of observation, with effectiveness ranging from 35 to 45%. 
In scenario 2, daily production values between 25,4 and 61,2 kWh and effectiveness ranging from 
39 to 43%. 
By combining effectiveness, energy production and minimal number of PAT, a solution was found. 
This solution – Solution 1 – consists in the application one PRV and two parallel PAT working 
according the flow values in the three types of consumption in both scenarios. Economic analysis 
has then been made to assess the feasibility of the solution and to serve as a comparison between 
actual demand and hypothetical demand conditions. Results shown that this solution is inviable 
to actual conditions and little attractive in hypothetical conditions, and therefore concluding that 
an increase in consumption will not lead to significant revenue. 
That being stated, another solution was determined. This solution – Solution 2 – comprises the 
replacement of one small PAT in VRP 6 location with a global effectiveness of 33%. Economic 
analysis was then conducted. Considering hydraulic equipment restitution after 20 years, a 
discount rate of 8% and for a 40 year period analysis with constant energy selling price fixed at 
0,1 €/𝐾𝑊ℎ, the yearly production is 8,8 𝑀𝑊ℎ, the project’s 𝑁𝑃𝑉 is 1124€, the benefit-cost ratio 
has a value of 1,11 and the 𝐼𝑅𝑅 is 9,6%. The payback period is 17 years. The solution is feasible, 
although little attractive. 
 

5.6 Final solution overview 
A summary of the solution is presented in terms of effectiveness and effectiveness parameters 
(table 1) and pressure and leakage comparison between the actual network and the final solution 
conditions (figure 7). PAT works near best the efficiency point in all patterns. 
 

Table 1 - Effectiveness and effectiveness parameters for the final solution (values in %) 

Demand pattern 𝑬𝒎é𝒅 𝑬𝒎á𝒙 𝜼𝒑𝒊  𝝁𝒑𝒊 𝒎é𝒅 𝝁𝒑𝒊 𝒎á𝒙 𝛘𝒑𝒊 𝒎é𝒅 𝛘𝒑𝒊 𝒎á𝒙 

Normal 46,9 59,6 53,4 87,4 99,3 98,6 100 

High 40,6 56,6 47,5 86,6 99,3 98,2 100 

Very High 27,3 39,2 34,3 80 80 99,6 100 
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Figure	7	–	Network	pressure	distribution:	actual	(left);	final	solution	(right)	(values	in	m	H2O)	

	
The annual volume of loss is currently estimated at 11623 𝑚;. For the final solution the value 
dropped to 8100 𝑚;. Pressure reduction lead to a leakage reduction of circa 30% for the three 
demand patterns, equivalent to circa 3500 𝑚; of annual savings.  
 
 

6. Conclusions’ summary and future work 
Properly calibrated hydraulic models allow a close representation to the real world conditions. 
SWG allow real time water network monitoring, decreasing time response to failure, increasing 
its feasibility towards sustainable development.  
PRV are responsible for the reduction of pressure, associated with the dissipation of hydraulic 
energy and leakage reduction. Conversely, the introduction of PAT, by replacement or 
complement for the PRV, allows the transformation of  hydraulic energy, producing electricity. 
PAT are becoming increasingly relevant in microscale power production and contain the benefits 
of PRV and its implementation allows the reduction of operational and energy costs, having 
positive impact in future sustainability. Although it is possible to operate a PAT almost 
continuously through the year, the DMA flow is not significant. It was observed that if the 
consumption increases, energy production and economic benefit will not considerably increase. 
In the case study, an implementation considering more than one PAT is unviable. 
Final solution allows pressure control and energy production simultaneously, corresponding to 
the implementation of one PAT (Etanorm 32-160). The solution is characterized by a global 
effectiveness of 33%, with a yearly production of 8,8 MWh. Considering average risk, the project’s 
payback period is 17 years. This solution, being unattractive, is still feasible. It is also observed a 
reduction of 30% in yearly water loss. 
PAT implementation, operating in different seasonal conditions, is applicable in this model, 
without any observable constraints to its hydraulic behaviour that may cause failure. Thus, 
pressure reduction is possible for all PAT flow’s operating range. Nonetheless, the solutions 
considering PAT are greatly dependent on hydraulic equipment costs. 
 
The network is defined by low velocity, which may affect water quality and also resulting in 
cavitation. The present study did not consider fire flow analysis either. To guarantee the solution’s 
viability, another set of runs should be made to assess the network under these circumstances. 
This methodology can be extrapolated to other DMA, especially if they possess larger flow values 
when operating. This perspective’s feasibility can then be attested.  
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