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Editorial on the Research Topic

Recent Advances in Solar-Driven Thermochemical Fuel Production and Thermal Energy Storage

Renewable energies are the core of the transition to a decarbonized and more sustainable energy sector.
Among them, solar energy shows great potential since 430 E] per hour of sunlight energy hit the Earth,
which is about the annual world energy consumption (Lewis and Nocera, 2006). However, solar energy
radiation is not equally distributed along the planet surface and it suffers from an inherent intermittence
problem. Therefore, development of efficient and cost-effective energy storage technologies is
fundamental for the implementation of solar energy worldwide. In this respect, concentrated solar
power (CSP) plants incorporate thermal energy storage (TES) units that allows for a round-the-clock
electricity production and are radically cheaper than other storage solutions such as batteries (Carrillo
etal,, 2019; Bayon et al,, 2021). In addition, the high temperatures achieved in concentrated solar thermal
(CST) plants based on cavity receiver, with heliostat field or dish concentrators, can be used to drive the
thermal reduction of metal oxides than can be subsequently re-oxidized with steam and/or CO,
producing H, or syngas, respectively. These renewable fuels can be used for industry and
transportation or as precursors for liquid fuels or chemicals.

This Research Topic focuses on the recent advances both in thermal energy storage and in
thermochemical cycles for hydrogen production. The published contributions cover several key
aspects for the progress of these technologies, e.g., storage media and reactors development,
computational tools for the discovery of new materials and techno-economic assessment of
thermochemical energy storage (TCS) units. Regarding thermal energy storage, both latent and
thermochemical technologies have been addressed. Gokon et al. reported on the use of copper-
germanium alloys as phase-change materials (PCMs) for high-temperature latent heat storage. These
PCM alloys, with varying the Cu-Ge ratio, showed chemical compatibility with alumina or SiC
containers, albeit not with stainless steel or Inconel tanks. The authors assessed the thermophysical
properties of these alloys which showed reversible phase transitions for 20 cycles, with a latent heat at
644°C of 232.8 kJ kg ".

In the case of thermochemical energy storage, contributions covered both carbonate and redox-
based systems, which are amongst the most promising. Regarding the former, Fedunik-Hofman et al.
found that by supporting CaO on Ca3;Al,O6 and Dy,0s, it was possible to overcome the multicycle
deactivation caused by sintering of CaCO;/CaO particles. These novel materials exhibit an
exothermic heat exchange of 582.2kJ kg™, retaining a carbonation capacity of 82.7% over the
course of 40 calcination-carbonation cycles.
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Carrillo et al.

Wild et al. developed a reactor combining sensible and
thermochemical heat storage. The thermochemical unit was
based on carbonation/calcination reactions, using a tubular
packed bed of CaO:MgO in a 58:42 wt%. The materials were
tested in different particle conformations over 80 consecutive
cycles. Agglomerates exhibited higher energy storage density
(866 k] kg~ 1Y than granules (450 kJ kg_l). However, the latter
were more stable over cycling. These results validated previous
heat and mass models performed by the authors, proving the
feasibility of this modular reactor design.

An important piece of experimental research on materials for high
temperature thermochemical reactions encompasses the use of
electric furnaces in which a fast response for heating and cooling
is required. In this regard, Gao et al. developed a low-cost radiant
heater that could replace more expensive options, such as infrared
furnaces. Their design could achieve temperatures above 1,500°C,
with heating/cooling rates of 400°C min". Tests of more than 10,000
cycles and 350 h of operation confirmed the robustness of this device.

TCS based on reduction/oxidation reactions of metal oxides was
also addressed in this special issue. Miller et al. report on the use of
CaMnOs_s perovskite oxides for high temperature energy storage.
The authors analyzed the partial replacement of Ca and Mn in the
perovskite formula by using a plethora of metal cations. The results
indicated that CaAly,Mn,sO5.s and CaTiy,Mn, 3055 were the
most promising materials, being the former the preferred choice in
terms of cost.

Two more contributions concerning techno-economic
assessments of redox-based TCS were published. Buck et al
analyzed three redox systems in a CSP plant with a particle
receiver, namely, Co3;0,/CoO, (MnysFeq,5)304/(Mnyg 7sFeq 25),053
and the Cag ¢Sry ;MnOj5 s perovskite compositions. The cobalt-based
oxide requires lower storage mass and volume. However, its elevated
cost makes this choice not economically appealing. In this sense, the
perovskite-based system, which presents a lower price due the use of
abundant elements, is an attractive option for further development.

Gorman et al. evaluated a CSP plant exploiting an air Brayton
cycle for energy dispatch and using CaAl;,Mn, 3055 as TCS
storage media. Their results indicated an increase in the plant
capacity factor when using the redox-based energy storage
system. In addition, their model predicted an LCOE of 5.98 ¢
kWh, ™, for a plant with 12 h of storage, which is very close to the
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U.S. Department of Energy 2030 target of 5.00 ¢ kWh,
illustrating the promise of redox-based TCS.

Two works were devoted to the production of hydrogen via
thermochemical cycles at high temperatures. Boretti et al.
contributed with a perspective on the production of green
hydrogen using a beam-down concentrator coupled with a
TES unit. The authors proposed the use of the three-step
sulfur-iodine cycling scheme for hydrogen production.

Finally, Park et al. reported the discovery of a new redox oxide
with promising properties for 2-step thermochemical hydrogen
production. By using computational methods, the authors found
that Gd, sLag 5Co sFeq sO5 could have remarkable potential for water
splitting. Experiments confirmed the ability of this perovskite oxide to
produce hydrogen. Namely, after reduction in inert gas at 1,350°C, the
material produced 101 umol g ' and 141 umol g of hydrogen, when
the water splitting reaction was performed at temperatures of 850 and
1,000°C, respectively. This work shows the importance of
computational assisted discovery of new class of oxides for solar-
driven thermochemical cycles for hydrogen production and it could
be extended to thermochemical heat storage materials.

We would like to thank all the authors and reviewers for their
high quality contribution to this Research Topic. This Special
Issue has covered a broad spectrum of relevant aspects that are
key to continue with the development of these technologies,
including computational discovery of new materials, reactor
development and techno-economic assessments that validate
the feasibility of these sustainable technologies.
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