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Mini-workshop

“Solar energy storage with photoswitches”

Tuesday, October 21, 2025, 10:00 am - 12:00

ENS Paris-Saclay - Dorothy Hodgkin Amphitheater

Prof. Kasper Moth-Poulsen  Polytechnic University of Catalunya, Spain

“Solar Energy Conversion and Energy Storage Materials”

In this lecture | will present how we are working on developing molecular materials
that capture, store, and release both solar and ambient heat without creating any
emissions. Recently, the first example of integration of the energy storage system
with photovoltaics, and in electric power generation devices was published.
Additionally, | will introduce materials concepts for photon up-conversion (TTA-UC)
and associated accelerated discovery devices.
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Dr. Karine Loubiere Université de Toulouse, CNRS, France

“Investigating molecular solar thermal (MOST) energy storage and release
systems under continuous-flow conditions”

Our project aims to develop novel, cheap and environmentally friendly chemical
systems, and continuous- sunlight

flow milli-fluidic devices to

rapidly  evaluate their

. . Selar collector
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radiative transfer and photochemical kinetics, (ii) acquiring kinetic data of photochemical reactions, (iii)
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polymer colloids, imine photochemistry in the harsh UV-C, storage energy with MOST molecules or advanced
methods for radiative transfer modeling using Monte-Carlo methods. In 2018, she organized the
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(https://photochem.sciencesconf.org). From 2012 to 2021, she has been an elected member and scientific
secretary of the National Committee for Scientific Research of the CNRS (section 12). She is currently co-
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Since the beginning of civilization, humanity has built houses to sustain comfortable living conditions
throughout the seasons. In our modern society, about 50% of the total energy consumption is used for heating
and cooling. Growing demands for thermal management in many different sectors, from electronics to
housing, inevitably mean increased energy consumption. The primary source of heat is coming from the
combustion of fossil, bio or waste-based feedstocks, all contributing to carbon emissions.

In this lecture | will present how we are working on developing molecular materials that capture, store, and
release both solar and ambient heat without creating any emissions. These molecular solar thermal systems
(MOST) are based on molecular photoswitches that absorb light and convert it into stored chemical energy,
that can be released on demand™®*® (Fig.1). The MOST energy system operates through different principles
than traditional solar thermal and can be introduced into compact energy capture and release devices.
Recently, the first example of integration of the energy storage system with photovoltaics, and in electric
power generation devices was published.”’ Additionally, | will introduce materials concepts for photon
upconverson (TTA-UC) and associated accelerated discovery devices.®!
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Figure 1. (Left) Molecular structure of on NBD/QC photoswitch system. (Centre) Stability test performed at
60°C through 127 energy storage cycles. (Right) Illustration of MOST power generation concept.
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MOST system consists of employing photo-switchable molecules for solar energy conversion and storage.!"!
Basically, upon irradiation, the photons are absorbed by the parent molecule “A” leading to its isomerisation
into a metastable photoisomer “B” (A—B). The difference in energy levels between the two forms, “A” and
“B”, corresponds to the energy stored by the couple. This energy is then released, on-demand and at ambient
temperature, as heat during the back reaction (B—A), triggered by external stimuli (such as catalysts). Within
this context, the ANR SOLPHOTOCAT project aims to develop novel, cheap and environmentally friendly
chemical systems, and continuous-flow milli-fluidic devices to rapidly evaluate their performances in the entire
solar energy system (storage and conversion).

In the present work, the NBD1/QC1 benchmark system was investigated under continuous-flow conditions
using cyclopentyl methyl ether (CPME) as green solvent. Experiments related to the photochemical step
(NBD1—>QC1) were performed in a spiral-shaped reactor (made of a FEP tube with inner diameter of 0.5 or 1
mm) irradiated by a 365 nm UV LED array. A 1D representation model was developed to predict the
experimental data, showing an excellent agreement whatever the operating conditions (photon flux,
residence time, initial concentration, tube diameter). A jacketed batch stirred reactor was first used to
measure the kinetics with different millimeter-sized catalysts, placed in a stationary basket. These catalysts
included commercial Pt/Al,O3 spheres (0.5 wt% Pt),’3! as well as Co(ll) phthalocyanine complexes supported
Sunlight on granular activated carbon (CoPc@GAC) and on

mesoporous  carbon  extrudates (CoPc@MC),

synthesized at LCC-Toulouse. Using the obtained batch

Solar collector kinetic data, a fixed bed reactor was then designed, and

. F" > - T' the QC1—>NBD1 back reaction could be successfully

e % transferred towards continuous flow conditions. At
NBD1 pa:ent T Heat release ‘ act last, a continuous-flow milli-fluidic process integrating

iIsomer
)
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‘photoisomer both the photochemical and the back-conversion steps

' i ' in series was implemented, capable of undergoing
Fixed bed react . S
ed bed reactor A < ’ successive cycles. In the future, it will be used to study
Storage tank new MOST systems.
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