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A B S T R A C T

Most of the global population are not connected to the electrical grid and one third of these people have no
access to potable water sources at the same time. Grid independent hybrid renewable energy systems (GIHRES),
specifically wind and solar power, have attracted more attention to supply potable water and electricity re-
quirements. Due to the complexity of this system, optimal balance between wind and solar resources and a
convenient storage needs special attention to find a good engineering solution. In this paper for increasing the
fresh water availability and to meet the load demand six GIHRES namely solar/battery or/hydrogen/reverse
osmosis desalination (ROD), wind/battery or/hydrogen/ROD, and solar/wind/battery or/hydrogen/ROD are
designed and modeled. For optimal design of these six systems improved bees algorithm is proposed. The results
are compared with the results obtained by harmony search algorithm. From the results it is seen that the
GIHRES-based battery energy storage more cost-effective than the GIHRES-based hydrogen energy storage. Also,
hybridization of solar power, battery, and ROD at various maximum loss of power supply probability is the most
cost-effective energy system. Moreover, the results obtained by proposed method are quite promising.

1. Introduction

Energy and fresh water are necessary for well-being of mankind [1].
However, 10.6% of the global population lacks access to fresh water
and 18% of the global population lacks access to electricity [2]. The
majority of this population lives in remote area, with wind and/or solar
energy potential. Additionally, according to freshwater scarcity, in-
creasing population growth, and also concerns about climate change,
the world is facing a great problem for meeting the current needs and
the needs of future generations for energy and fresh water [3]. Nowa-
days the implementation of reverse osmosis desalination (ROD) plants
powered by renewable energy technologies such as wind turbines (WT)
and photovoltaics (PV) offers a promising technology for providing
drinking water [4–7]. However, due to the wind speed and the sun
irradiance as uncontrollable parameters, an energy storage system or in
other words a convenient storage system is quite necessary.

Reverse osmosis desalination using numerous energy supply com-
binations have been reported, sometimes using wind energy [8] and
solar energy [9,10] (renewable energy) [11–14] and other hybrid en-
ergy systems [15,16]. Nevertheless, various systems used for driving RO
desalination units have been reported in Table 1.

However, ROD systems powered by hybrid renewable energy

systems such as wind and solar energy offer a promising option for
many remote areas [27–30], but these systems needs a backup power
supply for periods when the demand is high and sunlight and wind
speed are not accessible. If these hybrid systems are optimized, they can
be more reliable and cost-effective. In other words, compared to an only
system, optimal sizing of grid independent hybrid renewable energy
systems (GIHRES)-based ROD not only decreases the environmental
emissions but also increases the reliability of the system and decreases
the costs. Therefore, due to the complexity of this system, optimal
balance between wind and solar resources and a convenient storage for
supplying a desalination unit and electricity requirements needs special
attention to find a good engineering solution [31].

Optimization of ROD-based hybrid renewable energy system is a
difficult problem that needs powerful techniques to be effectively
solved. Nevertheless, various approaches used for hybrid renewable
energy system optimization have been reported [32–36]. However, new
generation artificial intelligence algorithms, such as heuristic algo-
rithms, are found to be more acceptable than traditional methods and
software tools, such as HOMER (Hybrid Optimization of Multiple En-
ergy Resources) [37,38], for the optimization of renewable based hy-
brid energy systems because of their ability to search global and local
optima, fast convergence and good calculation accuracy [39,40].
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HOMER energy modeling software is a particularly powerful tool for
designing and analyzing hybrid energy system, but this method can
require excessive calculation time, when the number of possible design
points is very high [3,40].

Although studies on various aspects of ROD-based hybrid renewable
energy system (HRES) and various approaches used for optimization of
HRES have been reported in the literature, informative models of au-
tonomous solar-wind-reverse osmosis desalination systems coupling
battery and hydrogen energy storage and efficient optimization tools
for optimal sizing of this problem to meet both electric load and water
desalination needs are seldom found.

In this paper for increasing the fresh water availability and to meet
the load demand six grid independent hybrid renewable energy systems
(GIHRES)-based ROD are designed and modeled; namely wind turbine
(WT)/hydrogen storage system (HSS)/ROD, photovoltaic (PV)/WT/
HSS/ROD, PV/HSS/ROD, WT/battery storage (BS)/ROD, PV/WT/BS/
ROD, and PV/BS/ROD. For this aim, an objective function is defined
based on satisfy the maximum loss of power supply probability (LPSP*)
and minimize the life cycle cost (LCC) of hybrid systems subject to
technical constraints. This problem includes the integer decision vari-
able (number of batteries and number of hydrogen tanks) and the
continuous decision variables (swept area of wind turbines and the
photovoltaic area) in the optimization model. For optimal design of
these six systems an efficient version of heuristic algorithms is needed.
Bee algorithm is a metaheuristic optimization technique which was
invented by the swarm behavior of honey bees. Bee algorithm use
different moving patterns with different kinds of bees to explore the
search space [41]. The effectiveness of bee algorithm has led to its
applications to optimization problems in various systems. Furthermore,
numerous uses of the bee algorithm for optimization problems in var-
ious systems have been reported, demonstrating its superiority [42–46].

Bee algorithm is an efficient version of heuristic algorithms which
has easy implementation, simple concept, and high efficiency. As a
result, bee algorithms are promising metaheuristic optimization tech-
niques that have more chance than the other metaheuristic techniques
to solve optimization problems in various systems. Due to the features
of bee algorithm, in this paper, an improved version of the bee algo-
rithm is proposed for optimal sizing of hybrid energy systems in the
remote area of eastern Iran, South Khorasan. The results are compared
with the results obtained by harmony search algorithm [47].

2. Mathematical modeling

To determine optimal values of the structure of the hybrid power
system (Fig. 1), the modeling of the system components and optimi-
zation framework of the hybrid systems, namely WT/HSS/ROD, PV/
WT/HSS/ROD, PV/HSS/ROD, WT/BS/ROD, PV/WT/BS/ROD, and PV/
BS/ROD, is described in detail in this section. The wind turbines and the
PV panels work together for increasing the fresh water availability and
to meet the load demand. If the total electric energy generated by the
renewable energy sources is more or less than the load, the storage
systems (battery storage, hydrogen storage system, including fuel cell,
electrolyzer, and hydrogen tanks) is used. Also, for increasing the fresh
water availability and to store the surplus desalinated-water produced,
a water storage tank is used. The energy generated by each component
of the hybrid power systems is determined by modeling the component
mathematically. In the following, the modeling of the components is
detailed.

2.1. Wind turbine (WT) system: Power and economic

The WT power generation PWT can be written as follows [48,49]:
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