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1. Introduction

Water is an essential element for life. Humans, since their origin, have developed
their existence in the environment of rivers, lakes or springs from which to obtain water.
Over the course of time, taking into account its importance for the development of societies
and their economy, humans have developed water purification systems that allow its
consumption and have channeled it through piping systems capable of transporting water
under pressure to the different urban areas [1–3].

Importantly, Sustainable Development Goal 6 aims to achieve universal and equitable
access to safe drinking water and adequate sanitation and hygiene and to improve water
quality globally. To this end, the water utilities must sustainably manage water resources
in the creation of its products and services [4].

Different authors have focused on the study of water leakage in piping systems. The
difference between the amount of water that leaves a treatment plant to the distribution
system and the water that is registered by the metering systems by the users is known as
water losses. Controlling these losses is an important part of a water efficiency program, as
they can be a significant cost overrun for water utility operators [5–8].

The proper management of these leaks is important because: (a) it avoids treating and
pumping additional volumes of water, (b) leaks introduce air into the system, increasing
energy consumption, making flow meters unreliable and increasing oxidation in the system
due to the presence of air, (c) it causes damage to the foundations of buildings, (d) it
overloads the sewerage networks, (e) it reduces the service pressure and (f) it increases the
probability of the contamination of the transported water [9,10].

Therefore, pressure management in drinking water distribution systems is internation-
ally recognized as one of the key activities in the reduction in water losses. It also has a
direct impact on the reduction in the frequency and occurrence of breaks in distribution
networks and associated elements [5,11,12].

Drinking water distribution systems are designed to meet certain service standards.
One of these is to ensure a minimum operating pressure at all points in the network 24 h
a day.

In the distribution system, the minimum pressure is generally only reached at certain
critical points in the network due to their altimetric position, their distance from the water
source or the demand pattern of the network. Additionally, water distribution networks
are subject to peaks of demand. For residential areas, these peaks usually occur in the
morning and afternoon hours; generating the amount of water that the system distributes
varies from one day to another. Water distribution networks also have periods of low
consumption, mainly during the night and certain hours of the day. Considering that the
system is designed to ensure minimum pressure throughout the day, this same minimum
is only really reached during short periods of time that coincide with peaks in system
demand; this design results in the distribution system being subject to excessive pressures
for a large part of the day [13].
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Figure 1 shows the principal keywords related to advances in leakage control and
energy consumption optimization in drinking water distribution networks.
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2. Pressure Management Methods in Water Distribution Networks to Reduce Leakage

According to the International Water Association (IWA), pressure management con-
sists of managing the pressure of a system at an optimum level and ensuring sufficient
and efficient service to legitimate uses and consumers, while, at the same time, it facilitates
the reduction in unnecessary or excessive pressures and the elimination of transient phe-
nomena that are affecting assets lifespan, as both have direct negative impacts on physical
efficiency [7].

One of the methods used for pressure management is the use of storage tanks to
optimize water levels, so that the lowest level is maintained at night because demand is
lower and less pressure is required [14].

Another possible method involves programming and optimizing the operation of
pumps but has the disadvantage of the energy cost associated with the use of these ele-
ments [15].

The most common and cost-effective method is to use pressure reducing valves, which
reduce a high inlet pressure to a lower outlet pressure. By adding electronics to the valves,
the pressure in the zone can be adjusted according to real-time data collected at strategic
points, thus adapting to demand. The pipeline network will, therefore, be protected against
overpressure and stress, which increases the lifetime of the system and reduces the overall
leakage rate [16].

Figure 2 shows the main pressure management methods used in water distribution
networks to reduce leakage.
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In this field, the following scientific contributions for the optimization of pressure to
reduce leaks in drinking water networks are worth mentioning:

Puleo et al. [17] propose different measures to improve the water supply system in the
city of Palermo. The different improvements should achieve lower energy consumption,
reduction in water leakage and reduction in greenhouse gas emissions, specifically CO.

De Marchis et al. [18] study the installation of pumps as turbine (PATs) that harness
excess pressure in the water supply system to produce renewable energy. To do so, they
analyze, by means of a mathematical model, the installation of this type of pump in a water
distribution system, which features private tanks that store water for times of shortage,
demonstrating the advantage of this type of pump.

Fagiani et al. [19] carried out a study by applying various statistical models that
allow water and gas supply networks to be transformed into intelligent networks, just like
electricity distribution networks, thus identifying leaks. The study is carried out both in
residential environments and in office buildings. It is in the latter environment that the
proposed approach obtains the best results.

Shao et al. [20] employ a genetic algorithm considering, as decision variables, the
position and configuration of gear pumps and the working state of variable speed gear
pumps to reduce losses and energy consumption. They conclude that by acting jointly
on the decision variables and not acting separately, they achieve the best results for the
set objectives.

Gupta et al. [21] also use and modify a genetic algorithm to decide the position of
pressure reducing valves in a real network. With the modification of the algorithm, the
number of ideal positions of where to place the valves for improved pressure management
in the network is reduced from 22 to 4, and the leakage in the network is reduced by 20.08%.

Pietrucha-Urbanik et al. [22] developed a methodology for failure mode analysis of
water leakage in order to develop new strategies for water supply system management in
normal operation and in crisis situations.

Macharia et al. [23] conducted a study on the current status of water demand and
associated energy demand for water supply in sub-Saharan Africa. They also studied the
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expected increase in water demand and calculated a potential leakage reduction in the
water supply system of up to 70% and energy savings of up to 12 MWh/year.

Morani et al. [24] study a new design for a turbine to improve the efficiency of hydro-
electric power plants. They use computational fluid dynamics together with experimental
tests to study the performance of the new turbine. In the last stage of the study, the scale and
position of the centrifugal microturbines and pressure reducing valves in a real distribution
network are optimized.
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