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Nowadays, thermal energy storage (TES) is gaining a crucial role in the development
of highly efficient thermal energy systems [1]. This topic is stimulating a growing interest
in the scientific community, in many cases by borrowing and using, in a new and prof-
itable way, the research results obtained in the field of heat pumps and thermally driven
systems [2,3]. The proper use of TES systems can facilitate the effective exploitation of
renewable energies, allowing the mismatch between energy production and demand for dis-
continuous energy sources and/or variable loads to be overcome. Moreover, special classes
of TES systems, based on sorption or chemical reactions, can enable the long-term storage of
renewable heat. The thermochemical technology is based on a reversible reaction occurring
between two components, and it is associated with higher amounts of energy stored with
respect to systems based on sensible heat [4]. Furthermore, it can effectively support the
operation and integration of renewables in local smart grids. To prove this interesting
feature, in [5] the authors reviewed the state of the art of theoretical, experimental and
numerical studies available in the literature on thermochemical thermal energy storage
systems and their use in power-to-heat applications, with a focus on applications with
renewable energy sources to serve energy grids. The authors highlighted the advantages
of the technology: flexibility, load management, power quality, continuous power supply
and enhanced use of variable renewable energy sources. Such features are considered
crucial elements to increase the commercial profitability of these storage systems. Even-
tually the authors introduced specific challenges, i.e., life span and stability of storage
material, and high cost of power-to-heat/thermochemical systems, as aspects to increase
the technology readiness level.

Thermochemical TES systems, especially those based on sorption processes, can allow
the design and implementation of unprecedented solutions for mobile applications. In [6]
we demonstrated, through an experimental activity, the feasibility of a compact system for
cold storage for mobile commercial applications. In our work, we described the realization
and testing of two different types of cold storage based on two innovative adsorbent
reactors: a pelletized adsorber filled with commercial FAM Z02 zeolite, and a composite
adsorber based on an aluminum porous structure and a SAPO-34 coating. The application
of the specific testing procedure allowed the characterization of the prototypes under cold
storage mode for mobile refrigeration purposes. Results showed that the prototypes can
store up to 580 Wh, with an average power during the discharging phase that ranges from
200 to 820 W and an energy efficiency of 0.3, thus revealing promising opportunities for
future further developments.

However, such future developments must be supported by proper research carried
out at material and system levels. For instance, solving issues related to adsorbent mate-
rial or the investigation of new classes of zeolites can support research on more efficient,
compact and lightweight sorption TES. To this aim, the authors of [7] proposed a novel
silicone–SAPO34 composite material obtained through a mold foaming process activated
by a dehydrogenative coupling reaction between siloxane compounds, for application in
adsorption TES systems. A series of analyses and measurements of the mechanical proper-
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ties demonstrated quite a homogeneous open-cell structure and good structural stability of
the foam. Moreover, the authors demonstrated that the presence of the polymeric fraction
does not affect the adsorption capacity of the composite adsorbent. Finally, the authors
compared the properties of the foam with those of other adsorbent materials, confirming its
possible use in thermal energy storage systems.

Research at the system level provides useful information about achievable perfor-
mance by integrating adsorption TES in real contexts, such as buildings and solar systems
for domestic or residential purposes.

The authors of [8] investigated the theoretical limits of sorption TES, first facing
the classification of thermochemical heat storages, then studying their thermodynamics.
They observed that the reaction enthalpy value only varies slightly for one mole of water,
thus deriving the following conclusions on the energy efficiency of closed and open TES:
(i) the energy required for evaporation of water is, at least, 65% of the available energy
of the reaction; (ii) the maximum theoretical energy efficiency of the system is about 1.8.
Based on those results, they calculated that a perfect thermochemical heat storage system
would store up to 12 times more energy compared with conventional water storage with a
temperature difference of 50 ◦C, thus confirming that this solution is definitely competitive.

In [9], the authors presented a numerical study on the performance of a solar domestic
sorption TES module operating in seven different world locations. The authors optimized
the TES configuration for the Portuguese climate and then calculated its performance
by varying latitude, operating conditions and solar collector tilt angle. They proved the
effectiveness of the system by implementing a dynamical model and numerical simulations
and by using the reduction in the annual energy consumption of a backup heater as a
benchmark. The results showed that the best performances were obtained in locations
where winter and summer are clearly defined, especially locations where winters are
colder, and with the inclination angles of solar collectors being larger than the local latitude,
except for locations with low latitudes, where the inclination angles of solar collectors are
not so relevant to the system performance.

Finally, in [10] the authors proposed a novel adsorption TES system based on water
and zeolite 13X for industrial applications. Their unconventional scheme was conceived
so that steam production and condensation, during adsorption and desorption processes,
occur in the same vacuum reactor, where the zeolite is heated and cooled. They also
attempted to preliminarily assess the energy performance using numerical simulations
and experiments. To this aim, they constructed a reduced-scale prototype: the limited
experimental campaign produced data for the validation of the simplified model of the
adsorption/desorption processes. However, the experimental campaign and the simulative
activities carried out by the authors highlighted some critical issues of their system, thus in-
dicating a lack of a suitable preliminary experimental activity, and a deep comprehension
of the phenomena involved.
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