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The continuous growth in global demand for raw materials and energy is a significant source 

of geopolitical concern and tension, leading governments and industrial stakeholders to 

strengthen the security of their resources and supply chains. Consequently, both industries and 

nations are increasingly focused on ensuring operational reliability through improved system 

efficiency and reduced energy demand. Within this framework, thermal energy storage emerges 

as a key solution for enhancing energy management, as it enables the valorisation of waste heat 

and solar energy for a wide range of thermal applications, including residential heating, district 

heating networks, and industrial processes. 

Among the various thermal storage technologies, thermochemical heat storage based on water 

adsorption/desorption in porous materials appears particularly well suited to these applications. 

This technology enables the storage of thermal energy at ambient temperature through the 

separation of water from the adsorbent material. Heat release is subsequently achieved by 

rehydrating the material, a process that can be driven by ambient air humidity, which thereby 

acts as an energy carrier. 

Porous materials such as zeolites and hydrated salts are shaped and subjected to detailed thermal 

characterization. In particular, further improvements in storage capacity, quantified by the 

adsorption enthalpy, as well as enhancements in heat and mass transfer within the material and, 

more broadly, within packed beds, are required. These improvements must be achieved while 

ensuring sufficient structural stability to guarantee long-term cyclability. 

The determination of these thermophysical properties remains technically challenging due to 

the hygroscopic and reactive nature of the materials [1]. In particular, the accurate measurement 

of specific heat capacity and thermal conductivity is hindered by conventional characterization 

techniques, which rely on the application of temperature gradients or temperature increases 

within the material. Such thermal perturbations modify the moisture–material equilibrium and 

induce additional heat exchanges with the surrounding environment. To overcome these 

limitations, a novel methodology [2] (Figure 1) was developed to determine the specific heat 

capacity of reactive and hygroscopic materials through corrected calorimetric measurements. 

Furthermore, a numerical model was developed to simulate the behaviour of the reactor. The 

model simultaneously solves the heat and mass balance equations, as well as the continuity and 

momentum equations, within both the material and the air phases. The thermophysical 

properties of the material (including sorption enthalpy, density, specific heat capacity, and 

effective thermal conductivity) are incorporated as functions of temperature and water uptake. 



 

 

Figure 1: a) TG-DSC apparatus b) heat of sorption c) specific heat capacity of hydrated material 

The simulated reactor is cylindrical requiring a 2D-unsteady modelling. A water pipe is in the 

centre of the reactor and it aims to exchange heat (co and counter-current flow operating). 

Figure 2 shows experimental and numerical results obtained after heat storage using hot air 

and heat supply with air coming from indoor air. 

 

  

 

 

 

 

 

 

Figure 2: Experimental (left) and simulation (right) temperatures in the reactor and outlet air 

as a function of time. Operating conditions: storage = Tair = 120 °C, humidity 0% / heat supply 

= Tair = 25 °C, humidity 50%   

  

Figure 2 shows experimental and simulated temperatures during the test. These results show 

a good agreement between experimental and simulated results. The reactor performances 

were simulated by using numerical modelling of heat and mass transfer in the experimental 

device. After experimental validation, the numerical model can be used to simulate different 

operational scenarios (use of different heat sources, for different applications, temperature 

up-grade, …). 

Références : 

 [1] Scuiller, E., Dutournié, P., Zbair, M., & Bennici, S. (2022). Thermo-physical properties measurements of hygroscopic and reactive 

material (zeolite 13X) for open adsorptive heat storage operation. Journal of Thermal Analysis and Calorimetry, 147(22), 12409-12416. 

[2] Scuiller, E., Dutournié, P., Zbair, M., & Bennici, S. (2023). New Approach for Measuring the Specific Heat Capacity of Reactive 

Adsorbents Using Calorimetry. Journal of Chemical & Engineering Data, 68(8), 1865-1871. 

0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22

0

500

1000

1500

2000

2500

3000

3500

 60°C

 65 °C

 75°C

 90°C

 

-D
H

 (
kJ

 k
g

-1
)

w (kg kg-1)

T
air

 V1 

T
air

 V2 

T
air

 V3 

T
air

 V4 

T
air

 V5 

T
air

  

sortie 

T
air

 

entrée 


