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ARTICLE INFO ABSTRACT

Keywords: Most of the global population are not connected to the electrical grid and one third of these people have no
Grid independent hybrid renewable energy access to potable water sources at the same time. Grid independent hybrid renewable energy systems (GIHRES),
systems specifically wind and solar power, have attracted more attention to supply potable water and electricity re-

Reverse osmosis desalination
Battery storage

Hydrogen storage
Optimization

Improved bees algorithm

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
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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
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