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ABSTRACT: Among desalination systems, the use of reverse osmosis has become very widespread
due to its advantages. One of the challenges in desalination systems especially in the reverse osmosis
method is the existence of a control algorithm to overcome the uncertainties and disturbances. Another
challenge of such systems is their power supply. A high-pressure pump supplies the pressure behind
the membrane in the reverse osmosis system. The use of renewable energy not only does not have any

environmental effects but also provides sustainable energy for such systems. In this paper, to answer

these two challenges, at first, the integrated model of the reverse osmosis desalination system with  Keywords:

the solar photovoltaic system has been examined; then for each part, a control algorithm is designed . 1:1-i0n

and simulated. An optimized fuzzy controller has been designed to track the maximum power point at .
. .. .. . . Reverse osmosis
different temperatures and radiation conditions in the photovoltaic solar system. The fuzzy controller has o o
been optimized with the invasive weed optimization algorithm. The electric motor has been controlled Super-twisting sliding mode control

using a fuzzy proportional-integral—derivative algorithm. The super-twisting sliding mode control has ~ Photovoltaic solar system

been used for the reverse osmosis system. The simulation results show that the proposed algorithm  Maximum power point tracking
for the combined reverse osmosis-photovoltaic system has a good performance in different operating  Fyzzy control

conditions and can remove and eliminate disturbances on the system.

1- Introduction

The desalination process, which refers to the process of
separating a special part of a water-soluble salt, is divided
into two main categories: membrane-based methods and
evaporation-based methods [1, 2]. The Reverse Osmosis
(RO) desalination system, despite its high maintenance cost,
has advantages such as simplicity in design, easy operation,
and low energy consumption [3]. Membranes with lower
water pressure behind them also perform better [1, 4]. In
desalination systems, energy consumption is a very important
factor.

Reverse osmosis systems require electricity to start their
electric motor. Therefore, in places that do not have access
to electricity, it is practically impossible to use such systems.
In many parts of the world, people will be forced to move to
another place due to the lack of electricity. Also, agriculture
will practically disappear in such areas. Now, if the energy
of this system can be supplied from available renewable
energies [5, 6], it not only provides energy but also does
not lead to environmental pollution. The most available
renewable energy in Iran is solar energy. Therefore, in this
paper, the energy supply of the reverse osmosis system is
the photovoltaic (PV) system [7]. There is a lot of research
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on controlling the reverse osmosis system, but most of this
research has focused on controlling the linear model of the
reverse osmosis system. For example, the authors in [8, 9]
have proposed an efficient closed-loop control strategy
for industrial reverse osmosis desalination processes
using traditional Proportional-Integral-Derivative (PID)
controllers. In Ref. [10], a controller has been designed and
implemented on the reverse osmosis desalination laboratory
system using geometric control methods based on a nonlinear
model. The disadvantage of this research is that it does
not include the necessary elements for the reverse osmosis
system such as power supply, pumping process, and some
others like them. There has been little research in this area to
study a system that simultaneously includes a power source,
pumping system, and reverse osmosis membrane, as well as
control of each element of the system [10, 11]. In the present
study, in addition to using a new super twisting sliding mode
control strategy for the reverse osmosis system, a fuzzy
optimal controller is designed to track the maximum power
point in the photovoltaic system, and a fuzzy-PID controller
[12] to control the motor-pump subsystem. These cases have
not been investigated yet.
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Fig. 1. Phase velocity dispersion curves for a steel pipe
with outer diameter of 220 mm and wall thickness of
4.8 mm
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2- Components of Reverse Osmosis-Photovoltaic (RO-
PV) Combined System

The system structure is shown in Fig. 1. In this
configuration, we are looking for a system that can produce
freshwater from various water sources using sustainable
energy, so that it is economically and technically possible.

2- 1- The photovoltaic subsystem
The governing equations of the PV system are as follows:
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2-2- The RO subsystem
The governing equations of the RO system are as follows:

120

P,,| :
X e i ‘ - o
() -{pammrmn) 95 zmm] 2| Pl T ﬁw
7 ‘fr b FUZZY PIDU——J;‘{-_ .,}—]ﬂm Pm»—u G ; y
s ~— —
Q T Induction motor Centrifugal pump

Fig. 2. Motor-pump set with fuzzy PID control algo-
rithm
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2- 3- Induction pump and motor subsystem

The speed loop control of the motor-pump sub-system is
shown in Fig. 2.

The governing equations of the motor using Field-
Oriented Control (FOC) are as follows:

b, =pandg, =0 )

2
di 1 L . . L R
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3- Results and Discussion

In this paper, the reverse osmosis desalination system
along with the solar photovoltaic system as an energy supplier
is investigated. To maximum power tracking, an optimized
fuzzy controller optimized with the Invasive Grass Algorithm
(IGA) has been used.

A fuzzy-PID controller is used to control the motor
speed as well as the pressure behind the membrane; and to
control the discharges in the reverse osmosis system, the
super twisting sliding mode control has been used. The
implemented controllers can eliminate disturbances caused
by temperature changes and water salinity changes. For
this purpose, the controller performance was evaluated in
salinities with 100%, 200%, and 300% increase (Fig. 3).
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Fig. 3. The performance of the super twisting sliding
model controller in dealing with disturbances in water
salinity

4- Conclusion

In this paper, the combined photovoltaic-reverse osmosis
(PV-RO) desalination system has been considered, and for
each part of the system, a controller has been designed. The
simulation results show that the proposed controllers not only
perform well but also are robust in changing conditions such
as inlet water concentration and rotor resistance. Therefore,
the designed controllers can be used to build a reverse osmosis
system with stable performance using renewable energy.
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Table 2. The value of system parameters for simulation
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