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ABSTRACT

This study proposes a systematic approach to analyzing and optimizing combined gas tur-
bine (GT) and reverse osmosis (RO) systems. Two systems combining RO to produce fresh-
water and a GT power plant to generate the required power for the RO system were
modeled. In the first system, the coupling between the RO and the power plant was only
mechanical; while in the second system, the coupling was both mechanical and thermal,
using a refrigeration cycle. The effects of seawater temperature and intake air temperature
on the freshwater production of the systems were investigated and their optimal values were
calculated. Economic modeling was applied in order to calculate the unit product cost of
freshwater. The second system, with two RO units under optimal operation conditions,
can increase freshwater production by 26% and save 21% in the production cost of 1m3of
freshwater as compared to the first system as a base system.
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1. Introduction

Water is available in large quantities on earth
but only a small amount is suitably low enough in
salinity to be fit for drinking and irrigation. Desali-
nation of sea and brackish water is the main source
of supplying freshwater in regions suffering from
scarcity of natural freshwater supplies [9,10]. The
two most widely used desalination techniques are
reverse osmosis (RO) membrane separation and
thermal desalination systems such as multi-effect
distillation (MED) and multi-stage flash (MSF) [11].
Thermal desalination units are operated by moder-
ate pressure steam as an energy source, usually
extracted from a steam turbine or generated by a

boiler. RO systems have minimal energy consump-
tion compared to other desalination methods and
their energy consumption is only in the form of
electric power. Therefore, a gas turbine (GT) power
plant can be utilized to operate RO systems [2,6].

The energy consumption of RO pumps required to
drive the membrane module accounts for a major por-
tion of the total cost of water desalination. In RO sys-
tems, as the feed water temperature increases, the
membrane permeability also increases [4,5] and
thereby the pump power consumption is decreased.
Recently, several studies have been performed on
methods of reducing power consumption in RO sys-
tems. Bouzayani et al. [10], Li [5], Kaghazchi et al.
[11], Bilton et al. [4], and Ataei et al. [2] have devel-
oped mathematical models to investigate the decrease
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