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Foreword

Today, Humanity finds itself in the situation of astronauts on a space station. People have no choice
but to live together in a closed circuit as best as they can. On the one hand, they must protect their
environment by using the resources available locally, hence the recycling of wastewater, air condi-
tioning, solid waste... and on the other hand, people must anticipate solutions for the sustainability
of their expedition. For Humanities Space Station expedition, as the Earth is not guaranteed, a rapid
and successful energy transition has become an obligation.

Motivation

This is not a metaphor. According to a study carried out in 2015, more than 50% of the energy produced is lost in
the form of heat, while still polluting the atmosphere. The same study estimates that in 2040 the world population
will reach the threshold of 10 billion human beings. Electricity consumption will increase by 65% for OECD coun-
tries (the richest countries) and by 85% for non-OECD countries, leading (if we do not change our habits) to a total
shortage of fossil resources within a very short period of time [I].

Before imagining the discovery of a new "miraculous" and "providential" energy source or technology, it is high
time to try to tackle this wasteful 50% by targeting industry and transport in particular: the most energy-intensive
consumers. All these reasons initiated the Pc2TES project in order to contribute to the recovery of this gigantic
wasted manna, to give an ethical sense to our research, to allow manufacturers to be more economically produc-
tive and to view our future more serenely in terms of energy production.

The Idea

Industrial sectors such as those of metallurgy, ceramics, glass, concentrated solar thermal energy, chemistry and
so on have now to seriously consider thermal energy storage as a key part for a successful broad energy mix achie-
vement. Otherwise, it will indeed be very difficult to take advantage of each cutting-edge technology to carry out
a low-cost and efficient energy transition. The solution to all these ills must thus be storage [ll, Ill]! Of course, many
others around the world have had the same idea, and several avenues are being explored, from the oldest, such as
storage by sensitive heat, to the most efficient: thermochemistry, including storage by latent heat [IV]. Unfortuna-
tely none of these techniques is really efficient and/or reliable. Apart from the costs of implementation, some of
these processes are very unproductive, difficult to implement or even dangerous. Probably due to a lack of alter-
native (at best) or imagination (at worst), many energy distributors around the world are embarking on risky initia-
tives, such as shale gas extraction or hydrogen production, for instance. In both cases, the will to do it quickly and
cheaply without worrying about the imperative need to reorganize our societies prevails.

The Problem

Today, the integration of "renewable" energies is considered as the solution to the announced disappearance of
fossil fuels and it is believed that "renewable resource = available, infinite resource". They are renewable, yes, but
these energy sources are all subject to climatic and/or geographical constraints that directly impact the regenera-
tion and availability of raw materials [V].

The Solution
Use peritectic compounds as thermal energy storage materials. Peritectics are compounds that, in theory, make it

possible to combine energy in the form of sensible, latent and thermochemical heat and to restore it reversibly.
They are therefore not traditional phase-change materials.

How does it work?
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How does it work?

Let's consider the discharge step of a peritectic compound that corresponds to its solidification.

Initially, the compound is in a liquid phase (-i.e. sensitive heat). A so-called properitectic phase will then nucleate
as soon as the temperature of the liquidus TL is reached. The properitectic phase will continue to nucleate and will
continue to grow as the temperature decreases (-i.e. sensible and latent heats) in the remaining liquid mixture
until the so-called peritectic transition temperature TP is reached. At this TP temperature, the chemical reaction,
which is isothermal, starts and lasts as long as the properitectic phase is not isolated from the remaining liquid
mixture (thermochemical heat). At the same time, the diffusion phenomena of the atoms through the remaining
liquid phase and through the previously formed peritectic solid phase takes place and continues even when the
chemical reaction is completed to obtain the final peritectic compound. This combination of available energies:
sensible energy, latent energy and chemical energy in one and the same material makes it particularly interesting,
even competitive among heat storage materials. Indeed, the effective energy density values could reach up to 650
kWh/m3, which is as much or even more than those of gas-solid reactions typically between 200 and 500 kWh/m3
once the scientific and technical constraints have been taken into account [1]. The use of these peritectic com-
pounds could lead to a much more efficient and economical storage technology. These new materials thus have
energy densities two to three times higher than those of the materials used (molten salts) in existing concentrated
solar power plants, such as Archimedes in Italy.
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The main virtue of this process is that it captures energy when it is available and returns it when it is lacking. In fact,
the storage of thermal energy contributes to a successful energy transition. It is the missing link in a successful
transition.

The Method

Based on the scientific literature and our theoretical studies, the Pc2TES project, supported by the French National
Research Agency and under the supervision of the University of Bordeaux, has "concentrated" its efforts on a peri-
tectic compound identified as a thermal energy storage material with very high potential for high-temperature
applications (300-600°C), a temperature range corresponding to industries known to be very energy-intensive.
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Among the many materials studied, we selected Li4Br(OH)3 for its performance: energy density of more than 400
kWh/m3 for an operating temperature around 300°C. We succeeded on the one hand in synthesizing it and on the
other hand, in confirming its energy potential with the strong presentiment that its manufacturing and use costs
will be much lower than the theoretical studies suggest [2].

In the current state of our research, we have managed to:

- confirm its compliance by DRX

- synthesize LiyBr(OH)3ina larger amount

- confirm its theoretical potential

- characterise its behaviour through in situ and real-time experiments at the microscopic scale.

Our preliminary experimental studies have shown the relevance of this choice.

Next steps

- defining the operating conditions of this new storage material for an optimum exploitation of its storage
capacities

- defining its limits

- defining a first protocol for its future use on an industrial scale.
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sensible, latent and thermochemical heats.
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