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A B S T R AC T

A new low-temperature phase-change desalination process has been presented where saline 
water is desalinated by evaporation at near-ambient temperatures under low pressures. The 
low pressure is achieved naturally in the head space of water columns of a height equal to the 
local barometric head. By connecting the head space of such a saline water column to that of 
a distilled water column, and by maintaining the temperature of the former about 15–20°C 
above that of the latter, fresh water is evaporated from the saline column and condensed in the 
distilled water column. This paper presents an exergy analysis of this process to evaluate the 
thermodynamic effi ciency of its major components and to identify suitable operating condi-
tions to minimize exergy destruction. Three different heat sources such as direct solar, photo-
voltaic energy as well as a low grade heat source were considered. It was found that the major 
exergy destruction occurs in the condenser where the latent heat of the water vapor is lost to the 
environment. Exergy performance of individual process components and recommendations to 
further improve the exergy effi ciency of the proposed process are presented.
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1. Introduction

Desalination has now become a promising alter-
native to freshwater supply due to rapidly increasing 
demands for freshwater throughout the world. How-
ever, since common desalination technologies including 
thermal and membrane processes demand large quanti-
ties of energy, providing desalinated water can place a 
concomitant demand on the limited energy sources [1]. 
Since energy production involves degradation of envi-
ronmental quality; water, energy, and environmental 
issues are the most immediate concerns of the world [2].

Thermal technologies (multi stage fl ash distillation – 
MSF, multi effect distillation – MED and mechanical 
vapor compression – MVC) require energy in the form 
of heat while membrane technologies require electri-
cal energy to produce freshwater. Although, energy 
consumption in the desalination technologies has been 
lowered signifi cantly over the past two decades, current 
global energy resources are still not adequate to support 
the desalination processes as the demand for freshwater 
on the global scale is expected to rise sharply.

Fortunately, water scarce regions around the world 
have high solar insolation rates which are suitable for 
thermal energy harvesting by solar collectors [3]. Direct 
solar energy can be utilized in the simplest confi guration 




