Operational optimisation of water supply networks
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Abstract
This paper presents a fuzzy system to control the pressure in a water distribution network, by using valves and controlling
the rotor speed of the pumping systems. The variable frequency drive tracks the minimum head of the pumping system,
while the control valves have the function of eliminating the excess pressure at various points of the network. The control
system can track any reference pressure value and there is no limit for the number of monitored points. Experiments were
carried out to demonstrate the fuzzy system’s efficiency. By extrapolating the results achieved in the experimental setup to
a real hydraulic network with leakages and no pressure control, the volumetric losses could be reduced by more than 56%.
The experiments showed that the system is robust enough to control the pressure of an experimental setup of water distribution. Besides, the proposed system can be easily applied to similar water supply systems and would help to reduce the
consumption of water and electricity, as well as to reduce the maintenance costs.
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Introduction
Energy and water are two indispensable and interrelated commodities for life. Seven percent of the world’s energy consumption in 2000 was used to pump and treat water for urban residents and industry (Ghimire and Barkdoll, 2007). During the
lifetime of the water supply network, in the majority of cases,
the energy cost of pumping surpasses the investment costs
(Gomes et al., 2008).
Energy consumption of most of the water supply systems
worldwide could be reduced by at least 25% through the use
of power efficiency processes. Water supply companies have
the potential to save more energy than the total consumption
of Thailand (James et al., 2002). The optimisation of pumping
operations may generate significant savings, especially in large
systems, where these savings can reach millions of dollars per
year. Several studies both in Europe and the United States of
America indicate that many industrial processes have a saving
potential of 30% to 50% in their pumping systems (Hovstadius,
2007).
An efficient alternative to reducing the electric power
consumption of water distribution network pumping systems is
the reduction of flows and pressures. The most effective way to
decrease the volume of pumped water, without rationing, is to
minimise the actual water losses (Bezerra, 2009). As a mid- or
short-term measure, pressure management is the most practical
and economical method among the various ways of controlling
the losses from leakages (Germanopoulos and Jowitt, 1989;
Tabesh and Hoomehr, 2009). It may be noted that the control
of pressure in hydraulic networks has a direct bearing on the
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electric power and water consumption.
The most common automation systems, supervisory control
and data acquisition – SCADA systems – enable the indirect
control of pressure at the network points. However, decisions
are linked to the experience of operators, since the supervisory
control and data acquisition systems, as a rule, provide only
assisted operation. You can monitor, control and interfere with
several units of the system in real time, but not with the automatic and integrated control of processes. The larger the water
distribution system, the more complex are the decisions to be
taken. The large number of elements that may change their
states complicates the procedure to obtain the best combination
of operation status to be defined by operators (Bezerra, 2009).
Due to this high complexity, the search for the most appropriate
decisions in terms of operational processes should be done with
the aid of appropriate computational tools.
The available equipment for pressure control in hydraulic
networks is the variable frequency drive (VFD) and the control
valves. Usually, the rotational speed control performed by the
VFD coupled to the electric motor is based on a single-point
measurement of the hydraulic network pressure. The control
valves used to reduce pressure are called pressure-reducing
valves and are placed at the entry points of the networks.
The larger the water supply network gets, the more significant will be the pressure variation within the hydraulic
network. In these cases, to ensure pressure control at various
points of the system there is a need for simultaneous application of control valves and variable frequency drives.
Thus, the main objective of this paper is to develop a fuzzy
system control applied to a water supply system to minimise
electric power consumption and the volume of water pumped.
The variable frequency drive control system operates to keep
the manometric height of the pumping system at an optimal
value and the valve control system helps to reduce the pressure
at several points of the water network.
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