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Evaluation of Performance Parameters of a Hybrid Solar Thermal Desalination System
with Thermoelectric Technology and Vertical Multi-Effect Distillation (VMED) and a
New Correlation

M. H. Kamyab Department of Mechanical Engineering, University of Kashan, Kashan, Iran
A. A. Abbasian Arani Department of Mechanical Engineering, University of Kashan, Kashan, Iran
Faculty member, Department of Mechanical Engineering, Jundi-Shapur University of
S. Esfandeh Technology, Dezful, Iran
Abstract

The escalating water crisis in arid and remote regions has intensified the demand for renewable energy-based desalination systems.
This study investigates a novel hybrid thermal solar desalination system named VMED-PVT-TC, which integrates a Vertical Multi-
Effect Diffusion (VMED) unit, Photovoltaic-Thermal (PV/T) panels, and Thermoelectric (TE) modules. The primary objective is to
enhance thermal efficiency and enable simultaneous freshwater and energy production under hot and dry climatic conditions. First, a
comprehensive thermodynamic model of the system components was developed, followed by dynamic simulation using TRNSYS
software. Furthermore, a new empirical correlation was proposed to predict the system’s efficiency based on environmental
parameters. Results indicate that integrating thermoelectric modules into the VMED system improved overall efficiency by 23%
compared to conventional methods. Moreover, the optimal selection of five diffusion stages led to a freshwater yield of up to 36
liters per day. The proposed model demonstrated high accuracy with a correlation coefficient of 0.96 and a mean deviation of 3.24%.
This study lays a solid foundation for the development of sustainable water production systems tailored for critical climatic zones.
Keywords: Vertical Multi-Effect Diffusion (VMED), Photovoltaic-Thermal (PV/T) Panel, Energy Efficiency, Statistical Analysis,
Correlation Coefficient, Renewable Energy.
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