
Sorption thermal energy storage, desalination and cooling by low-grade heat: 

Materials, AI optimization and demonstrators 
 

Freshwater production, cooling, and thermal energy storage represent increasingly coupled engineering challenges in 

regions characterized by water scarcity, high solar irradiance, and/or abundant waste heat. Sorption-based processes offer 

a compelling framework to address these multi-domain requirements simultaneously, utilizing water as an 

environmentally benign working fluid driven by low- and ultralow-grade thermal energy. In this contribution, a 

comprehensive overview of recent numerical and experimental advancements across the entire development chain, from 

materials discovery to pilot-scale deployment, is presented. 

On the thermal energy storage front, data-driven material selection strategies are integrated with multiscale heat and mass 

transfer modeling, equilibrium sorption thermodynamics, and system-level performance analysis. Specifically, a Bayesian 

optimization framework is applied to optimize—within a multidimensional formulation space—cement/salt hydrate 

composites for sorption thermal energy storage applications. This machine learning approach successfully maps the 

Pareto optimal trade-offs between specific energy and cost, identifying LiCl-based formulations capable of achieving a 

gravimetric energy density of approximately 458 kJ/kg, alongside CaCl2/Zn(NO3)2 composites optimized for cost-to-

performance metrics [1]. 

On the sorption desalination and cooling front, targeted material characterization and pilot-scale testing are conducted. 

At the material level, bio-derived calcium alginate hydrogels are shown to exhibit high water uptake and stable cyclical 

operation over 40 cycles under vacuum conditions. These hydrogels yield a lab-scale specific daily water production of 

up to 6 m3/ton per day at a driving temperature of 60 °C, with viable operation demonstrated down to 45 °C [2]. Finally, 

scaling these principles to the system level, a solar-assisted, two-bed adsorption desalination and cooling pilot plant 

utilizing silica gel and droplet-mediated vapor transfer is evaluated. The demonstrator achieved a freshwater yield of 

approximately 3.8 m3/ton per day paired with a specific cooling capacity of 100 W/kg [3]. 

Overall, these findings delineate an integrated pathway that bridges the gap between molecular-level sorbent discovery 

and scalable, thermally driven water-energy systems. 
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