
Sustainable renewable energy seawater desalination using
combined-cycle solar and geothermal heat sources

Thomas M. Missimer*, Young-Deuk Kim, Rinaldi Rachman, Kim Choon Ng

Water Desalination and Reuse Center, King Abdullah University of Science and Technology, Thuwal 23955-6900,
Kingdom of Saudi Arabia
Tel. +966 2 808 4964; email: thomas.missimer@kaust.edu.sa

Received 27 February 2012; Accepted 15 June 2012

ABSTRACT

Key goals in the improvement of desalination technology are to reduce overall energy
consumption, make the process “greener,” and reduce the cost of the delivered water.
Adsorption desalination (AD) is a promising new technology that has great potential to
reduce the need for conventional power, to use solely renewable energy sources, and to
reduce the overall cost of water treatment. This technology can desalt seawater or water of
even higher salinity using waste heat, solar heat, or geothermal heat. An AD system can
operate effectively at temperatures ranging from 55 to 80˚C with perhaps an optimal temper-
ature of 80˚C. The generally low temperature requirement for the feedwater allows the sys-
tem to operate quite efficiently using an alternative energy source, such as solar power. Solar
power, particularly in warm dry regions, can generate a consistent water temperature of
about 90˚C. Although this temperature is more than adequate to run the system, solar energy
collection only can occur during daylight hours, thereby necessitating the use of heat storage
during nighttime or very cloudy days. With increasing capacity, the need for extensive ther-
mal storage may be problematic and could add substantial cost to the development of an
AD system. However, in many parts of the world, there are subsurface geothermal energy
sources that have not been extensively used. Combining a low to moderate geothermal
energy recovery system to an AD system would provide a solution to the thermal storage
issue. However, geothermal energy development from particularly Hot Dry Rock is limited
by the magnitude of the heat flow required for the process and the thermal conductivity of
the rock material forming the heat reservoir. Combining solar and geothermal energy using
an alternating 12-h cycle would reduce the probability of depleting the heat source within
the geothermal reservoir and provide the most effective use of renewable energy.
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1. Introduction

1.1. Background

Use of solely a single renewable source of heat to
allow thermal desalination of seawater has presented

some difficult issues when attempts are made to
“scale up” such systems to capacities required to meet
water demands of large users. Solar systems provid-
ing heated water can do so only during daylight
hours, and diminished heat production also occurs on
cloudy or rainy days or seasonally. Therefore, heat
storage is required to allow continuous operation of*Corresponding author.
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