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3" EnerChem School

Scientific Program

MONDAY, 9 FEBRUARY 2026
12:00-13:45 REGISTRATION
14:00-14:15 OPENING

Chairperson: Maria Assunta Navarra
14:15-15:45 L1 - Vladimiro Dal Santo
“Energy sources and vectors: a focus on hydrogen”

15:45-16:15 COFFEE BREAK

16:15-17:45 L2 — Sonia Dsoke
"Sodium Inventory in Na-lon Batteries: Pre-Sodiation Strategies and Anode-
Free Cell Concepts”
Chairperson: Norberto Manfredi
17:45-19:15 O1 — Angelica Bisceglie
“Laser writing: bio-derived carbon electrodes for sustainable supercapacitors”
02 — Luca M. Cavinato
“Design and Performance Rationalization of Blue-Emitting Copper(I)
Complexes Bearing Pyridyl-Pyrazole Ligands for Light-Emitting
Electrochemical Cells”
O3 — Hiba Ali
“Influence of synthesis conditions on the structure and electrochemical
performance of Prussian White KMnHCF for ZIBs”
04 — Luca Maistrello
“Innovative photoelectrocatalytic filter for recirculating aquaculture systems”
05 — Matteo Tommasi
“How low can biomethane prices go? Assessment of future scenario through
Monte Carlo TEA of direct biogas methanation”
06 — Claudia Longo
“Graphene derivatives as fillers for nanocomposite hole transporting layers in
Perovskite solar cells”

19:15-20:15 POSTER SESSION
20:15-21:15 DINNER

21:30 CONCERT

TUESDAY, 10 FEBRUARY 2026

Chairperson: Alessandra Sanson
09:00-10:30 L3 — Stefania Cacovich
"Halide Perovskite Solar Cells: Operating Stability and Luminescence Imaging
Characterisation"

10:30-11:00 COFFEE BREAK
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11:00-12:30 L4 — Antoni Llobet
"Molecular Redox Catalysts on Surfaces for Energy Applications"

12:30-13:45 LUNCH

Chairperson: Matteo Bonomo
13:45-15:15 LS5 — Sergio Brutti
"Fundamentals and Challenges of Sodium-Ion Batteries: Towards a Sustainable
Energy Future"
15:15-16:00 T1 — Matteo Fiaschi
"Greener Electrode, Greener Hydrogen"

16:00-16:30 COFFEE BREAK

16:30-17:15 T2 — Candida Milone
"Engineering the Next Generation of Thermochemical Energy Storage Materials
and Components"
Chairperson: Mariangela Di Donato
17:15-18:30 O7 —Irene Motta
“Eu**-doped PMMA: Advanced Optical Windows for Sustainable Building
Integration”
O8 — Stefania Palermo
“Role of biobased additive and membrane preparations conditions on polymer
electrolyte membranes”
09 — Pietro Zaccagnini
“KoCOs3 as Pre-Potassiation Agent for K-ion Capacitors, Potential for
Sustainable Scalability”
010 — Nicholas Carboni
“Composite Anion Exchange Membranes Added with Quaternized Graphene
Oxide for Water Electrolyzer Applications”
O11 — Alice Gramegna
“Direct CHs4 and CO; capture from cattle barns: a laboratory-to-pilot scale
assessment”

20:00 SOCIAL DINNER

WEDNESDAY, 11 FEBRUARY 2026

Chairperson: Alessandro Minguzzi
09:00-10:30 L6 — Neil Robertson

"Asymmetric Supercapacitors using Hybrid Bi and Ni-based Materials"
“Dye-Sensitised Solar Cells Design, Function & Application”

10:30-11:00 COFFEE BREAK

11:00-12:30 L7 — Stefano Caramori
"Application of Time Resolved Techniques in Photoelectrochemistry"

12:30-13:45 LUNCH

Chairperson: llenia Rossetti
13:45-14:30 T3 — David Moser



14:30-15:15

15:15-16:00

16:00-16:30

16:30-17:15

17:15-18:00

18:00-19:00

19:30-20:30

3" EnerChem School

"Photovoltaic Growth Towards the Terawatt Era: Exponential Scaling,
bottlenecks,
and the Role of Al and Robotics"

J1 — Samuele Giannini
"Understanding Light-to-Charge Conversion in Organic Semiconductors
Through Computational Modelling"

J2 — Francesco Pellegrino
"From Continuous to Structured Light: Advancing Hydrogen production
through Pulsed Illumination"

COFFEE BREAK

J3 — Arianna Massaro
"From atoms to batteries: modelling tools for energy storage materials"

J4 — Giacomo Melani
"First-Principles Simulations for Energy-Conversion Materials: An Industrial
View"

POSTER SESSION

DINNER

Chairpersons: Daniele Franchi and Alessio Dessi
20:30-22:30 ENERSHORT - Alessio Dessi

"NOT JUST A MATTER OF SCIENCE! Tips and clues to improve your
communication skills”
Enershort presentations, 3 min each

THURSDAY, 12 FEBRUARY 2026

Chairperson: Andrea Pucci

09:00-10:30

10:30-11:00

11:00-12:30

12:30-13:45

14:00-19:00

19:30-21:00

L8 — Claudia Barolo
"Beyond efficiency: the role of Dye-Sensitized Solar Cells in future photovoltaic
ecosystems "

COFFEE BREAK

L9 — Matthias Beller
"How to develop a sustainable economy? Examples from the Chemical Industry
and Energy Technologies"

LUNCH

Florence city center
Galileo Galilei Museum Guided tour (https://museogalileo.it/en/)
16:00 Tour in Italian (60 min) - meeting point in Piazza San Marco, tram stop
line T2, at 3:15 p.m. or in front of the Galileo Museum at 3:50 p.m.
16:30 Tour in English (60 min) - meeting point in Piazza San Marco, tram stop
line T2 at 3:45 p.m. or in front of the Galileo Museum at 4:20 p.m.

APERITIF
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FRIDAY, 13 FEBRUARY 2026

Chairperson: Lorenzo Mino

09:00-10:30

10:30-11:00

11:00-11:05

11:05-12:35

12:35-13:00

L10 — Alessandro Lavacchi
"Low-Temperature Electrolysis for Green Hydrogen Production”

COFFEE BREAK
JUNIOR ENERCHEM AWARD ANNOUNCEMENT
L11 — Carlo Perego
"Biofuels or e-Fuels: Which Are Better as SAF (Sustainable Aviation Fuels)?"

CLOSING

L= Lecture; J= Junior Lecture; T= Tutorial lecture; O= Oral communication
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Invited Lecture

L1 - Vladimiro Dal Santo

“Energy sources and vectors: a focus on hydrogen”

L2 — Sonia Dsoke

"Sodium Inventory in Na-lon Batteries: Pre-Sodiation Strategies and Anode-Free Cell
Concepts”

L3 — Stefania Cacovich

"Halide Perovskite Solar Cells: Operating Stability and Luminescence Imaging
Characterisation"

L4 — Antoni Llobet

"Molecular Redox Catalysts on Surfaces for Energy Applications"

L5 — Sergio Brutti

"Fundamentals and Challenges of Sodium-lon Batteries: Towards a Sustainable Energy
Future"

L6 — Neil Robertson

"Asymmetric Supercapacitors using Hybrid Bi and Ni-based Materials"
“Dye-Sensitised Solar Cells Design, Function & Application”

L7 — Stefano Caramori

"Application of Time Resolved Techniques in Photoelectrochemistry"

L8 — Claudia Barolo

"Beyond efficiency: the role of Dye-Sensitized Solar Cells in future photovoltaic
ecosystems"

L9 — Matthias Beller

"How to develop a sustainable economy? Examples from the Chemical Industry and Energy
Technologies"

L10 — Alessandro Lavacchi

"Low-Temperature Electrolysis for Green Hydrogen Production”

L11 — Carlo Perego

"Biofuels or e-Fuels: Which Are Better as SAF (Sustainable Aviation Fuels)?"
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Energy Sources And Vectors: A Focus On Hydrogen

Vladimiro Dal Santo “*
“Istituto di Scienze e Tecnologie Chimiche “Giulio Natta” del Consiglio Nazionale delle Ricerche
(SCITEC-CNR), Via Alfonso Corti, 12, Milan, Italy.
e-mail: vladimiro.dalsanto@cnr.it,

The world is heading toward the decarbonization of the energy sector, and hydrogen has been
identified as one of the key players in this scenario, meaning that its production must keep pace with
the foreseeable surge in demand.

The key objective of the lecture will be to provide an overview of energy sources and vectors, in the
framework of the transition from fossil to renewable sources and of the decarbonization.

First part will deal with a general introduction on current situation of energy production, transport,
and use with its pros and cons, such as the positive role of energy availability in improving human
development, and the negative effects on environments and human health.

Then it will be focused on the use of hydrogen as an energy carrier, with some specific information
on innovative materials for the sustainable production of green / decarbonized hydrogen. While
electrocatalytic production can directly harness sustainable energy inputs, thermocatalytic processes
will be as critical due to their easier scalability and lower capital costs. Despite their obvious
differences, the two processes share the common need to employ robust and cheap catalysts, limiting,
or even eliminating, noble metals without scarifying activity and stability.

L1
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Sodium Inventory in Na-Ion Batteries: Pre-Sodiation Strategies and Anode-Free
Cell Concepts

Sonia Dsoke
“Fraunhofer Institute for Solar Energy Systems, Dep. Electrical Energy Storage, Heidenhofstr. 2,
79110 Freiburg, Germany
bFreiburg Materials Research Center (FMF), Stefan-Meier-Strafie 21, 79104 Freiburg, Germany
“University of Freiburg, Department of Sustainable Systems Engineering (INATECH), 79110
Freiburg, Germany
e-mail: sonia.dsoke@inatech.uni-freiburg.de,

Sodium-ion batteries (SIBs) are a promising alternative to lithium-based systems; however, their
performance and lifetime are strongly limited by irreversible sodium loss during cell formation and
early cycling. In contrast to Li-ion batteries, the use of sodium-deficient cathode materials and the
higher reactivity of sodium exacerbate alkali metal inventory losses, making cell balancing a critical
design challenge [1].

This lecture focuses on sodium inventory loss in SIBs, with particular emphasis on pre-sodiation
strategies and “anode-free” cell concepts. Different pre-sodiation approaches are discussed and
classified according to their underlying principles, implementation level, and impact on cell
performance, safety, and scalability [2]. Anode-free SIBs are then introduced as a limiting case,
highlighting the fundamental challenges associated with sodium metal nucleation, interphase
formation, and reversibility [3].

Rather than providing a catalogue of techniques, the lecture aims to develop a conceptual
understanding of how sodium inventory, interphases, and cell design are intrinsically linked. The
transferability and applicability to other battery chemistries are highlighted, and open research
questions are discussed to stimulate critical thinking among PhD students.

References

[1] P. Phogat, S. Dey, M. Wan, Materials Science and Engineering: B Vol. 2025, 312, 117870

[2] L. Sbrascini, A. Sarapulova, C. Gauckler, L. Gehrlein, F. Jeschull, T. Ak¢ay, R. M6nig, M. Marinaro, F.
Nobili, S. Dsoke, Batteries & Supercaps 2024, 7, €202400207

[3]J. Sun, X. Shi, E. Yang, Z. Ren, Y. Tian,Y. Yao,Y. Yu, Z.-S. Wu, Energy Storage Materials, 2025, 80,
104439
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Halide Perovskite Solar Cells: Operating Stability
and Luminescence Imaging Characterisation

Stefania Cacovich'
'IPVE, UMR 9006, CNRS, Palaiseau 91120, France
e-mail: stefania.cacovich@cnrs.fr

Perovskite solar cells (PSCs) have emerged as a highly promising photovoltaic technology owing to
their rapidly increasing power conversion efficiencies and potential for low-cost fabrication. Despite
these advantages, their commercialization is severely constrained by limited long-term stability. PSCs
are particularly vulnerable to environmental stressors such as humidity, thermal fluctuations, and
continuous illumination, which can induce performance degradation over timescales ranging from
hours to months, depending on material composition, device architecture, encapsulation strategies,
and operational conditions [1]. Identifying the origins and evolution of these degradation processes
is therefore critical for improving device reliability.

In response to these challenges, the solar cell research community has increasingly turned to optical
imaging techniques, particularly luminescence-based methods, for materials and device
characterization [2]. Methods such as photoluminescence (PL) and electroluminescence (EL)
imaging provide non-destructive, spatially resolved insights into key optoelectronic properties,
including bandgap variations, charge-carrier recombination dynamics, and defect distributions.
Importantly, PL imaging can be applied throughout the entire device lifecycle, enabling in-situ
monitoring during film formation as well as operando analysis under realistic operating conditions.
By using these advanced characterization tools, researchers can gain deeper insights into charge
transport mechanisms and degradation processes, facilitating the development of more stable and
efficient PSCs.

References

[1] Zhu, H., Teale, S., Lintangpradipto, M.N. et al. Long-term operating stability in perovskite photovoltaics.
Nat Rev Mater 8, 569—586 (2023).

[2] Hameiri, Z., Mahboubi Soufiani, A., Juhl, M. K., Jiang, L., Huang, F., Cheng, Y.-B., Kampwerth, H.,
Weber, J. W., Green, M. A., and Trupke, T. (2015) Photoluminescence and electroluminescence imaging of
perovskite solar cells. Prog. Photovolt: Res. Appl., 23: 1697-1705.
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Molecular Redox Catalysts on Surfaces for Energy Applications

Antoni Llobet

Institute of Chemical Research of Catalonia (ICIQ), Barcelona Institute of Science and Technology
(BIST), Av. Paisos Catalans 16, E-43007 Tarragona, Spain.

e-mail: allobet@jiciq.cat

The replacement of fossil fuels by a clean and renewable energy source is one of the most urgent and
challenging issues our society is facing today, which is why intense research is devoted to this
topic.[1] Nature has been using sunlight as the primary energy input to oxidize water and reduce CO»
to generate carbohydrates (a solar fuel) for over a billion years. Inspired but not constrained by nature,
artificial systems can be designed to capture light and oxidize water and reduce protons or other useful
substrates such as CO> to generate chemical fuels. One of the key aspects for the efficient design of
devices for the making solar fuels is the understanding and mastering of the catalysts involved in both
the anodic and cathodic reactions. The talk will describe the initial developments up to the state of
the art, of molecular catalysts and their anchoring on conductive and semiconductive surfaces. The
latter is crucial for the generation of powerful hybrid molecular anodes and cathodes for the
production of solar fuels.[2]

Keywords: Solar fuels, Redox catalysis, Molecular hybrid materials, Transition metal complexes.

[1] Sun, Y. et al. Chem. Soc. Rev., 2022, 51, 6704-6737. (b) Matheu, R.; Llobet, A. et al. Nat. Rev. Chem.
2019, 3, 331-341. (c¢) Vereshchuk, N.; Llobet, A. et al. Chem. Soc. Rev. 2023, 52, 196-211.

[2] (a) Hoque, A.; Llobet, A. et al. Nat. Chem. 2020, 12, 1060-1066. (b) Gil-Sepulcre, M; Llobet, A. et al. J.
Am. Chem. Soc. 2021, 143, 11651-11661. (c¢) Gil-Sepulcre, M; Llobet, A. Nat. Catal. 2022, 5, 79-82, (d)
Beiler, A. M.; Llobet, A. et al. ACS Energy Lett. 2023, 8, 172—178. (e¢) Luo, Z.-M.; Llobet et al. Adv. Energy
Mat., 2024, 14, 2402070. (f) Tris, P; Llobet, A. et al., J. Am. Chem. Soc. 2025, 147, 12686—12695. (g) Llobet,
A.; Lotsch, B.; Gimbert-Surifiach, C. et al., J. Am. Chem. Soc. 2026, 148,1316—1328.
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Fundamentals and Challenges of Sodium-Ion Batteries: Towards a Sustainable
Energy Future

sx,a,b,c

Sergio Brutti
YALISTORE European Research Institute (ALISTORE ERI) -Dipartimento di Chimica, Universita di

Roma La Sapienza. P.le Aldo Moro 5, 00185 Roma (IT)
bGISEL-INSTM, Via G. Giusti, 9. 50121 Firenze (IT)
¢ISC-CNR, via dei Taurini, 00100 Roma (IT)
e-mail: sergio.brutti@uniromal it

Sodium-ion batteries (NIBs) have emerged as a promising alternative to lithium-ion batteries,
especially in the context of sustainability and resource availability. This lecture aims to provide an
in-depth understanding of the fundamental principles behind sodium-ion battery technology,
including electrochemical mechanisms, material selection, and the unique advantages that sodium
ions offer compared to their lithium counterparts. We will explore the challenges associated with
NIBs, such as lower energy density, limited cycling stability, and issues related to the performance
of sodium-based electrode materials. Additionally, we will discuss advancements in anode and
cathode materials, electrolyte systems, and innovations in sodium-ion configurations that address
these challenges. The lecture will also highlight ongoing research efforts and potential future
directions in the field, emphasizing the vital role of NIBs in achieving a more sustainable energy
landscape. By equipping participants with a comprehensive overview of the key concepts and
ongoing challenges, we aim to foster informed discussions about the future of sodium-ion battery
technologies in large-scale energy storage and electric mobility applications.

Figure 1. [llustration of a Na-ion battery system [1]
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References
[1] Jang-Yeon Hwang, Seung-Tack Myung, Yang-Kook Sun. Chem. Soc. Rev., 2017,46, 3529-3614

10

L5



3" EnerChem School

Asymmetric Supercapacitors using Hybrid Bi and Ni-based Materials

Neil Robertson,*
4School of Chemistry, University of Edinburgh, Edinburgh EH93FJ, Scotland, UK
e-mail: neil. robertson@ed.ac.uk

Demand for efficient, economic, and eco-friendly energy storage has grown dramatically in recent
years for applications in electronic appliances, electric vehicles, and a smart and sustainable energy
grid. Electrical double layer capacitors (EDLCs) and lithium-ion batteries can respectively provide
high power-density and high energy-density electrical energy storage. Low-cost, solution-processed
electrode materials have attracted significant research interest for their green and economical
applications in such energy harvesting and storage devices. Bismuth chalcogenides, halides and
chalcohalides have captured research interests for their multiple functionalities in photocatalysis,
photovoltaics, and radiation detection, however applications in electrical energy storage remain
mainly focused on Bi;O3; and Bi»S;. Here, we demonstrate ambient-pressure and moderate-
temperature synthetic routes to nanocrystals and films of bismuth chalcohalides and halides, including
Bi3Sisl> [1,2], BiSI [2], BiSI-reduced-graphene-oxide [3] and [Organic-cation][Bil4] [4]. We
demonstrate their potential as anode materials in electrical energy storage, including EDLC-type
supercapacitors and pseudocapacitors, showing high capacitance/capacity and excellent cycle
stability. We have also developed Ni(OH)2-based cathodes with exceptional charge-storage capacity
[5,6], and combine these with the Bi-based anodes to give full devices with excellent energy and
power density.

References
[1] K. Adams, A. Franco-Gonzalez, J. Mallows, T. Li, J. H. J. Thijssen, N. Robertson, J. Mater. Chem. A,
2019, 7, 1638

[2] H. Sun, G. Yang, J. Chen, C. Kirk, N. Roberson, J. Mater. Chem. C, 2020, 8, 13253

[3] H. Sun, X. Xiao, V. Celorrio, Z. Guo, Y. Hu, C. Kirk, N. Robertson, J. Mater. Chem. A., 2021, 10,
15452

[4] K. Roy, T. Li, S. Ogale, N. Robertson, J. Mater. Chem. A., 2021, 9, 2689

[5] X. Yi, H. Sun, N. Robertson, C. Kirk, Sust. Energy & Fuels, 2021, 5, 5236

[5] X.Yi, V. Celorrio, H. Zhang, N. Robertson, C. Kirk, J. Mater. Chem. A, 2023, 11,22275
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Dye-Sensitised Solar Cells Design, Function & Application

Neil Robertson,*
4School of Chemistry, University of Edinburgh, Edinburgh EH93FJ, Scotland, UK
e-mail: neil. robertson@ed.ac.uk

Tremendous advances have been made in photovoltaics (PV) in recent years, including in the
development of emerging technologies such as perovskite PV, organic PV and dye-sensitised solar
cells (DSSCs). These technologies can be applied to areas where silicon PV is not well suited,
including power for consumer electronics, electromobility, building-integrated PV with attractive
appearance, flexible, light-weight and semi-transparent PV, indoor energy scavenging and more. In
some of these application areas, simplicity and low-cost for the devices can become as important as
efficiency to achieve practical systems. DSSCs, based on mesoporous TiO2 decorated with visible
light-harvesting dyes, offer a promising choice for applications requiring low-cost indoor power
generation for powering the emerging internet-of-things. However, standard designs include complex
and costly sensitizers, alongside electrolytes that can be detrimental to stability and/or ease of
fabrication. The presentation will focus on (i) an overview of the design and functionality of DSSCs,
including many concepts relevant to PV in general and (ii) some of our recent work on TiO»-
mesocrystal synthesis, novel electrolyte components and effective low-cost dyes [1-5] towards more-
readily fabricated and readily-scaled technology. Design and optimisation of the critical interactions
between the nanocrystalline TiO2, electrolyte and dye will be discussed.

References

[1] A. Jarusarunchai, A. Valluvar Oli, A. Ivaturi, N. Robertson, Solar RRL, 2022, 2200375

[2] A. Jarusarunchai, X. Liu, W. Wu, N. Robertson, Sust. Energy & Fuels, 2022, 6, 2358

[3] M. Sutton, B. Lei, H. Michaels, M. Freitag, N. Robertson, ACS Appl. Mater. & Inter., 2022, 14,43456
[4] E. Tanaka, N. Robertson, J. Mater. Chem. A., 2020, 8, 19991

[5] B. Lei, N. Robertson, Solar RRL, 2022, 2200831
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Application of Time Resolved Techniques in Photoelectrochemistry

Edoardo Marchini,” Stefano Caramori,” Roberto Argazzi®, Michele Mazzanti,* Barbara Ventura,®
Federica Ruani®
“ Dipartimento di Scienze Chimiche Farmaceutiche ed Agrarie dell Universita di Ferrara, Via Luigi
Borsari 46, 44121 Ferrara.
b ISOF CNR c/o Dipartimento di Scienze Chimiche Farmaceutiche ed Agrarie dell Universita di
Ferrara, Via Luigi Borsari 46, 44121, Ferrara.
¢ISOF CNR, Via Piero Gobetti, 101, 40129,Bologna
e-mail: cte@unife.it

Transient Absorption Spectroscopy (TAS) in the optical range is a powerful tool to investigate the
reaction dynamics of photogenerated species. These are key to the functioning of light responsive
systems, among which photocatalysts, photoelectrodes and solar cells are of great importance for
solar energy conversion [1],[2]. TAS possesses the unique ability to directly track the time evolution
of the charge separated states created upon light excitation, by monitoring their spectroscopic
signatures.

This lecture summarizes the basic principles of transient spectroscopy by considering the application
of both ultrafast spectroscopy (fs-ns) and laser flash photolysis (ns-s) to the investigation of molecular
species and materials relevant to photo-electrochemistry. We consider here the molecular
sensitization of semiconductors, quantum dots, fundamental studies on interfacial electron transfer
and the carrier dynamics of photoelectrodes whose surface was modified by “catalytic” charge
transfer species to

accelerate photoelectrochemical water oxidation.

References

[1] T.J. Miao ; J. Tang. J. Chem. Phys. 2020 152, 194201
[2] M. Forster; D. W. F. Cheung; A. M. Gardner; A. J. Cowan J. Chem. Phys. 2020 153, 150901
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Beyond Efficiency: The Role Of Dye-Sensitized Solar Cells In Future
Photovoltaic Ecosystems

Claudia Barolo
Department of Chemistry, NIS Interdepartmental Centre and INSTM Reference Centre, University
of Turin, Turin, Italy
Institute of Science, Technology and Sustainability for Ceramics (ISSMC-CNR), Faenza, Italy
URT-CAMPUS, DSCTM-CNR, Via Quarello 15a, Turin, Italy.
e-mail: claudia.barolo@unito.it

Dye-sensitized solar cells (DSSCs) are among the earliest third-generation photovoltaic technologies
and remain a paradigmatic example of how molecular and interfacial chemistry can be harnessed for
solar energy conversion. While their power conversion efficiency will never reach silicon-based and
perovskite photovoltaics, DSSCs retain distinctive advantages in their chemical versatility, including
modular dye design, tunable redox mediators, and controllable light—matter interactions. As a result,
their contemporary relevance lies less in efficiency-driven competition and more in application-
driven optimization enabled by chemistry.

DSSCs exhibit excellent performance under diffuse and low-irradiance illumination and offer wide
freedom in optical and electronic tuning through rational molecular engineering. The absorption
profile, color, and transparency of the device can be tailored via dye structure and electrolyte
composition, while charge-transfer kinetics and stability can be controlled through redox shuttle
chemistry and interfacial passivation strategies. These features make DSSCs particularly attractive
for indoor photovoltaics, Internet-of-Things (IoT) energy harvesting, and semi-transparent building-
integrated photovoltaics (BIPV). [1, 2, 3] From a photochemical perspective, greenhouse-integrated
DSSCs represent another compelling application, as spectrally selective dyes can be designed to
harvest non-photosynthetically active radiation while transmitting or modulating light in the
photosynthetically active range.

Finally, recent advances in dye chemistry, redox mediators, and quasi-solid-state or solid-state
electrolytes are driving DSSCs toward improved durability and application-specific performance. In
future photovoltaic ecosystems, DSSCs are therefore best viewed as chemically programmable solar
devices, complementary to high-efficiency technologies and uniquely suited for environments where
spectral selectivity, aesthetics, and low-light operation are critical. [4]

References

[1] Benesperi, 1.; Michaels, H.; Freitag, M. The Researcher’s Guide to Solid-State Dye-Sensitized Solar Cells.
J. Mater. Chem. C 2018, 6, 11903-11942.

[2] Sasitharan, K.; Freitag, M. From Zombies to Smart Devices: The Evolution of Dye-Sensitized Solar Cells
for IoT Applications. ACS Appl. Energy Mater. 2025, 8, 14, 9891-9899

[3] Grifoni, F.; et al. Toward Sustainable, Colorless, and Transparent Photovoltaics: Selective Near-Infrared
Dye-Sensitized Solar Cells. Adv. Energy Mater. 2021, 11, 2101598

[4] Crystal Energy. https://sattnord.fr/en/fiche-startup/crystal-energy/ (accessed 2026-02-02)
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How to develop a sustainable economy? Examples from the Chemical Industry
and Energy Technologies

Matthias Beller*
“Leibniz-Institut fiir Katalyse, Albert-Einstein-Str. 29a, 18059 Rostock, Germany.
e-mail: matthias.beller@catalysis.de

The use of renewables, waste, and carbon dioxide for the cost-effective and waste-free synthesis of
materials, life science goods and all kinds of organic products can be an important part to achieve a
circular economy in the future. In this respect, efficient catalytic reductive transformations of CO»
offer interesting possibilities to replace existing industrial carbonylations. Nowadays, in the chemical
industry, carbonylation processes constitute the largest applications of homogeneous catalysts and
many bulk and fine chemicals are produced by such transformations. In the talk, various possibilities
to use green CO from CO2/H> mixtures, formic acid as CO surrogate or directly CO2 will be shown.
In addition, new catalytic conversions of biowaste and waste plastics to useful chemicals will be
presented.

Crucial for all these reactions is the development of modern catalysts. By rational design novel
ligands and complexes have been synthesized, which allow for unprecedented efficiency in such
transformations. Both industrially relevant processes as well as interesting reactions for modern
organic synthesis will be presented. Furthermore, it will be shown how carbon dioxide itself can
contribute to realize CO»-neutral energy technologies.

References

[1] Li, D.; Yuan, Y.; Bi, H.; Yao, D.; Zhao, X.; Tian, W.; Wang, Y.; Zhang, H. Inorg. Chem. 2011, 50,
4825.
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Low-Temperature Electrolysis for Green Hydrogen Production

Alessandro Lavacchi
CNR-Institute of Chemistry of Organometallic Compounds, Sesto Fiorentino, Italy
e-mail: alessandro.lavacchi@iccom.cnr.it

The lecture introduces electrolysis as an enabling technology for the production of green hydrogen,
emphasizing the role of energy materials in the development of efficient, durable, and sustainable
systems. After a brief introduction to green hydrogen, the main applications of hydrogen are analyzed
through the discussion of two emblematic cases: its use in the transportation sector as an energy
carrier for zero-emission mobility, and its use as a chemical precursor for the production of molecules
with high industrial impact.

The lecture then focuses on the production of green hydrogen via water electrolysis, introducing the
four main families of electrolyzers: (i) alkaline electrolysis (AEL), (ii) proton exchange membrane
electrolysis (PEMEL), (iii) anion exchange membrane electrolysis (AEMEL), and (iv) solid oxide
electrolysis cells (SOEL). While providing a general comparative framework, the course focuses on
low-temperature systems (AEL, PEMEL, and AEMEL), which are currently central to industrial
applications and to integration with intermittent renewable energy sources.

The fundamental aspects of thermodynamics and electrochemical kinetics are then examined, along
with their relationship to process intensity and energy efficiency. Reversible voltage, the main
overpotentials, and the mechanisms governing the hydrogen evolution reaction (HER) and the oxygen
evolution reaction (OER) at the electrode/electrolyte interfaces are discussed. The study of catalysts
and membranes is then addressed, with particular reference to their impact on chemical and toxic
resource use, catalytic efficiency, ion transport mechanisms, chemical and mechanical stability, and
degradation processes. The lecture concludes by outlining the main research challenges in materials
for low-temperature electrolysis, highlighting future directions to enable the sustainable large-scale
production of green hydrogen for both sustainable mobility and the chemical industry.
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Biofuels or e-Fuels: Which Are Better as SAF (Sustainable Aviation Fuels)?

Carlo Perego
Senior Advisor, Italy

e-mail: caregoperloS4@gmail.com

According to the International Energy Agency (IEA), 38.1 Gt of CO: were emitted worldwide in
2024, around 22% of which originated from the transport sector. The IEA has foreseen a significant
reduction in the contribution of fossil fuels in this sector in order to reach the ambitious target of net-
zero emissions by 2050. This transition is expected to rely on the widespread use of electricity,
hydrogen, and renewable fuels. The latter include both advanced biofuels, produced from waste
biomass, and some RFNBOs (Renewable Fuels of Non-Biological Origin), such as e-methanol, e-
gasoline, e-kerosene, and e-diesel, obtained from captured CO: and renewable electricity [1].
Among transport sectors, shipping and aviation are characterized by the highest growth in fuel
demand. Moreover, aviation is particularly difficult to electrify, and the use of hydrogen as a direct
fuel raises several concerns. Therefore, bio-jet fuels and e-kerosene represent viable options for
aviation decarbonization. The ReFuelEU Aviation regulation adopted by the EU in 2023 requires a
minimum share of sustainable aviation fuels (SAF), defined as low-carbon substitutes for kerosene
made from biofuels, recycled carbon fuels, or e-fuels [2]. This share will reach 6% of total aviation
fuel consumption by 2030 and is expected to increase to 70% by 2050. As a consequence, the SAF
industry is rapidly expanding.

SAF production routes
SAF is currently produced through four main technological pathways:

1. Hydroprocessed esters and fatty acids (HEFA)

2. Alcohol-to-jet (AtJ)

3. Gasification to syngas followed by Fischer—Tropsch (FT) or methanol synthesis

4. Power-to-Liquid (PtL) processes for e-kerosene production
HEFA uses feedstocks such as vegetable oils or waste and residue lipids, including used cooking oil
and animal fat .
At] includes routes starting from bio-alcohols such as ethanol, isobutanol, or methanol.
Gasification of waste, including municipal solid waste and biomass residues, produces CO/H: syngas,
which is subsequently converted into hydrocarbons via the FT reaction or into methanol.
Finally, PtL processes produce e-fuels through the hydrogenation of captured CO: using hydrogen
generated from renewable electricity.
Among these pathways, HEFA is currently the most mature technology, with several industrial-scale
plants already in operation, followed by At] and gasification/FT routes. PtL, despite its clear
advantages in terms of sustainability, has not yet reached large-scale commercial deployment [3].
The most significant criticisms of the SAF industrial sector—such as high production costs, limited
availability of sustainable feedstocks, and concerns regarding the actual environmental impact of
certain pathways—will be discussed in the presentation.

Keywords
Aviation; Decarbonization; Advanced Biofuels; Sustainable Aviation Fuel; Bio-Jet; e-Kerosene
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Greener Electrode, Greener Hydrogen

Matteo Fiaschi,” Davide Rovelli,” Valentina Bonometti“
4 Industrie De Nora S.p.A., Via Leonardo Bistolfi 35, Milano, Italy.
e-mail: matteo.fiaschi@denora.com

The energy transition requires more than technological innovation—it demands a rigorous approach
to sustainability. Concepts such as ESG principles, Sustainable Development Goals (SDGs), and Life
Cycle Assessment (LCA) provide the methodological backbone for this transformation. To drive the
energy transition, De Nora integrates sustainability directly into its electrode’s development strategy,
particularly through its proprietary DSA® coatings. Known for durability, high electrochemical
efficiency, and low energy consumption, these coatings are essential in several technologies—ranging
from water treatment to chlor-alkali processes and, increasingly, to AWE (Alkaline Water
Electrolysis) for green hydrogen.

During the lecture, the process of creation of a new electrode at R&D will be illustrated, integrating
the assessment of CO2-footprint through the standardized approach of LCA.

Circular
design

guidelines
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Engineering the Next Generation of Thermochemical Energy Storage Materials
and Components

Emanuela Mastronardo,” Luigi Calabrese,” Elpida Piperopoulos,* Edoardo Proverbio,” Candida
Milone*“
“Department of Engineering, University of Messina, Contrada di Dio, Messina Italy
e-mail: cmilone(@unime.it,

Efficient use of energy is a cornerstone of sustainability, playing a crucial role in reducing greenhouse
gas emissions and minimizing dependence on finite fossil fuel resources. Beyond environmental
benefits, energy efficiency carries significant geopolitical weight: it strengthens energy security by
lowering reliance on imported fuels and reducing exposure to supply disruptions. Nations that lead in
energy-efficient technologies gain strategic advantages, shaping global power dynamics.

In this context, thermal energy storage (TES) integrated with renewable energy sources (solar, wind)
offer promising solutions for more resilient and sustainable energy infrastructures [1].

Sensible and latent heat storage are among the most investigated technologies for storing the surplus
of heat. Sensible heat storage is dependent on the thermophysical properties of the material used,
while latent heat storage employs a phase transition at a constant temperature to accumulate or
retrieve thermal energy by the latent heat of fusion of the storage medium. The first technology cannot
be applied for long-term storage, while the second operates at a specific temperature, namely the
melting temperature of a phase change material. Thermochemical heat storage (TCS) enables to
overcome such limitations by storing and releasing heat on demand through a chemical reaction,
exploiting a larger operating temperature range while also offering superior storage densities. The
medium and the type of reaction significantly impact the performance of the thermal energy storage
unit by the operating temperature range and storing/releasing heat rate.

This seminar presents an overview of TES technologies with a focus on TCS as a high-density,
sustainable solution for meeting efficient energy use. Moreover, it introduces to cutting-edge
strategies aimed at improving the performance and efficiency of materials used in TCS and
overcoming some critical issues. [2-3]
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20

T2



34 EnerChem School

Photovoltaic Growth Towards the Terawatt Era: Exponential Scaling,
bottlenecks, and the Role of AI and Robotics

David Moser*
Becquerel Institute Italia, Via Kufstein 5, 38121 Trento, Italy

e-mail: d. moser@becquerelinstitute.eu

The photovoltaic (PV) industry stands at an inflection point, with global installed capacity exceeding
2 TW and annual deployment rates accelerating beyond 500 GW. This exponential growth trajectory,
if sustained, positions solar energy to become the dominant source of electricity generation within
the next two decades. However, maintaining this growth rate presents unprecedented challenges
across the entire value chain, from polysilicon production and wafer manufacturing to module
assembly, installation, and grid integration.

This presentation examines the critical bottlenecks that could constrain the PV industry's path to
multi-terawatt scale. Key limitations include: supply chain constraints for critical materials;
manufacturing capacity expansion rates; a skilled workforce shortage across R&D, manufacturing,
and installation sectors; and grid infrastructure that must evolve to accommodate variable renewable
generation at unprecedented scales. Social acceptance and lack of social society involvement
represent an additional constraint, as community opposition can significantly delay project timelines
and limit suitable deployment areas. Each of these bottlenecks represents not only a technical
challenge but also an opportunity for innovation and industrial transformation.

Artificial intelligence and robotics emerge as transformative technologies capable of addressing these
constraints across multiple domains. In manufacturing, Al-driven process optimization and predictive
quality control are reducing waste and improving cell efficiencies, while advanced robotics enable
the automation of increasingly complex production steps required for next-generation technologies
such as tandem cells and heterojunction architectures. Machine learning algorithms are accelerating
materials discovery and device optimization, compressing development cycles from years to months.

Beyond manufacturing, Al and robotics are revolutionizing downstream activities. Computer vision
and robot-based inspection systems enable rapid, accurate assessment of PV installations, while
predictive maintenance algorithms optimize O&M strategies and extend system lifetimes. Robotic
installation systems address labor constraints and improve installation quality, particularly for utility-
scale projects. At the grid level, Al-powered forecasting and dispatch optimization facilitate the
integration of variable solar generation into increasingly complex energy systems.

This analysis draws upon ongoing work to quantify the potential impact of Al and robotics adoption
on PV deployment rates, system costs, and operational performance. The presentation concludes with
strategic recommendations to accelerate the beneficial integration of these technologies throughout
the PV value chain, ensuring that solar energy can fulfill its potential as a cornerstone of the global
energy transition.
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[Mlumination"
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"From atoms to batteries: modelling tools for energy storage materials"
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"First-Principles Simulations for Energy-Conversion Materials: An Industrial View"

22



34 EnerChem School

Understanding Light-to-Charge Conversion in Organic Semiconductors
Through Computational Modelling

Samuele Giannini,?
a Dipartimento di Chimica e Chimica Industriale, Universita di Pisa, Pisa, Italy
e-mail: samuele.giannini@unipi.it

The field of organic opto-electronics has expanded rapidly in recent years. Organic photovoltaic
devices (OPVs) for light-to-charge conversion and organic field-effect transistors (OFETs) for charge
transport are among the most prominent technologies made from organic molecules. Driven largely
by synthetic improvements, a new generation of efficient light-absorbing organic semiconductors,
known as nonfullerene acceptors (NFAs), has pushed solar conversion efficiencies beyond 20%,
enabling strong charge generation [1]. Meanwhile, highly conducting molecular organic crystals and
supramolecular systems have enabled large exciton and charge carrier mobilities [2].

Key processes such as light absorption, charge generation and electronic transport are central to these
technologies. However, their fundamental understanding remains limited due to challenges in
studying relevant time and length scales as well as realistic morphologies of the constituent materials.
Quantum phenomena, driven by electronic and excitonic interactions between molecular components,
influence both optical properties [3,4] and electronic transport [5,6]. Establishing structure-property
relationships and elucidating the nature and dynamics of electronic excitations and charge transfer
could provide critical insights for further efficiency improvements.

In this lecture, I will show how we can compute excitonic interactions between localized excitations
on different molecules and how they modify absorption and emission spectra going from solution to
the aggregate forms in supramolecular systems (e.g. perylene-diimide derivatives [7]) and thin films
NFA for (e.g. Y6) [3,4]. I will also show how intermolecular charge transfer (CT) states contribute to
such spectral changes upon aggregation and to the photophysics of tightly packed aggregates.

Importantly, such CT states act as precursors for charge separation and generation of free charge
carriers that can be collected by the electrodes. I will show how first-principles-based model
Hamiltonians [3,4], combined with advanced mixed quantum-classical dynamics simulations [5,6]—
accounting for nonadiabatic effects and electron-nuclear coupling—can be used to simulate the
dynamics of exciton and free charges and to understand the actual microscopic mechanism of
electronic transport in these materials.

I will discuss that once separated, photogenerated charges in crystalline samples of organic materials
do not travel via simple hopping or as fully delocalized waves, as previously assumed for similar
systems. Instead, they behave as quantum particles undergoing diffusive jumps over several lattice
spacings (nanometers) at a time [6]. Computed exciton diffusion length [5] and charge mobilities [6]
align well with experimental estimates. Based on these insights, I will propose strategies to leverage
solid-state packing effects for intelligent material design, aiming to enhance performance of devices.

[1] C. Zhang, et al. Nat. Mater. 24 (2024) 433-443.

[2] S. Giannini & J. Blumberger Acc. Chem. Res. 55, (2022) 819-830.
[3] S. Giannini et al. Materials today 80 (2024) 308-326

[4] S. Giannini et al. J. Mat. Chem. C 12, (2024) 10009-10028

[5] S. Giannini et al. Nat. Commun. (2022) 13, 2755

[6] S. Giannini et al. Nat. Mater. 22 (2023) 1361-1369

[7] S. Giannini et al. (submitted 2025)
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From Continuous to Structured Light: Advancing Hydrogen production through
Pulsed Illumination

Francesco Pellegrino

University of Turin - Department of Chemistry
e-mail: francesco.pellegrino@unito.it

Photocatalytic hydrogen production is fundamentally constrained by rapid electron-hole
recombination and by the sub-optimal kinetics of metal cocatalysts operating under steady
illumination. In my recent work, I employed Controlled Periodic Illumination (CPI) as a strategy to
temporally decouple the generation, accumulation, and consumption of photogenerated electrons in
TiO>—metal nanoparticle systems (primarily Pt and Pd deposited via photodeposition). CPI
systematically enhances the hydrogen evolution reaction (HER), with improvements exceeding 50%
compared to continuous illumination regimes.

This enhancement arises from a dynamic redistribution of charge carriers induced by light modulation.
During the dark phases, electrons accumulate transiently at more reducing potentials, while the overall
rate of radiative and non-radiative recombination decreases due to the structured photon flux. When
illumination resumes, this reservoir of energetic electrons is more efficiently transferred to the metal
cocatalyst, improving the kinetics of interfacial charge transfer and hydrogen formation. Moreover,
the temporal structure of CPI enables the extraction of intrinsic kinetic parameters through functional
analysis of the photocatalytic response, exemplified by the Photocatalytic Activity Index, which
quantifies the system’s sensitivity to duty-cycle variations.

Together, these findings provide a mechanistic and quantitative framework for understanding how
temporal engineering of light can surpass the limitations of steady-state excitation. CPI thus emerges
as a powerful and largely unexplored dimension for optimizing photocatalysts toward efficient and
sustainable hydrogen production. The lecture will present an integrated view of these results and
outline how dynamic illumination can guide the next generation of photocatalytic material design.
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From atoms to batteries: modelling tools for energy storage materials

Arianna Massaro
University of Napoli Federico Il - Department of Chemical Sciences
e-mail: arianna.massaro@unina.it

The transition toward sustainable energy technologies increasingly relies on high-performance,
safe, and durable storage systems. Among these, next-generation batteries, such as post-lithium and
allsolid-state devices, call for advanced materials capable of meeting strict requirements for ionic
transport, electrochemical stability, and structural robustness [1].

Understanding how atomic-scale features influence macroscopic performance is therefore essential
for rational materials design [2]. In this lecture, I will illustrate how modern computational chemistry
and multiscale modelling can be effectively employed to guide the development of solid-state
materials for energy storage applications.

The first part of the lecture will introduce the fundamental concepts and computational strategies
typically used to investigate solid-state electrodes and electrolytes. Density Functional Theory (DFT),
ab initio methods, and molecular dynamics simulations will be discussed as complementary
approaches to describe electronic structures, ion-migration pathways, defect chemistry, and interfacial
processes. Special attention will be given to how these methods can be combined to bridge different
length and time scales, enabling a realistic representation of complex materials under operating
conditions.

The second part will showcase representative case studies from recent research, highlighting how
modelling can predict key descriptors, such as ion diffusion barriers, redox activity, structural stability,
and how these insights can inform the optimization of electrode materials. Examples will include:

(i) Hybrid and nanostructured anode materials, such as TiO» nanoparticles and 2D MoS»/graphene
systems, and the key role of crystalline structure and surface morphology in governing the
mechanical response to a significant stress, i.e., the ion intercalation. Ionic radius, binding
strength and steric hindrance are highlighted as intertwined features affecting ion adsorption,
intercalation and migration mechanisms.

(i) Layered transition metal oxides and NASICON-like polyanionic frameworks as cathode
materials, and the main features determining structural stability and redox activity upon ion
extraction. TM-O covalency and TMOg distortions are emphasized as effective descriptors to
unfold complex charge compensation mechanisms and intrinsic phase instability.

(iii) Reactivity and dynamic studies, including solid-electrolyte interphase (SEI) formation, gas
evolution and electrolyte structuring, occurring at heterogenous interfaces. The need for non-
standard theoretical methods is shown to reliably model and describe species with intrinsically
different chemical natures (metals, radicals), processes spanning different time scales.

Finally, the talk will underline the importance of interdisciplinary collaboration. Integrating
computational predictions with electrochemical testing accelerates hypothesis validation, refines
models, and enables the discovery of subtle structure-property relationships that govern device
performance. By combining theoretical insights with experimental feedback, computational
modelling becomes not only a predictive tool but also a driver of innovation in materials design. This
lecture aims to provide the EnerCHEM School attendees with a broad yet rigorous overview of widely
adopted modelling techniques, offering methodological tools, practical examples, and perspectives
on current and future challenges in the field of energy storage.

[1] Phogat, P.; Deya, S.; Wana, M. RSC Sustainability 3, 3266-3306 (2025).
[2] Dutra, A.C.C.; Goldmann, B.A.; Islam, M.S.; Dawson, J. A, Nat. Rev. Mater. 10, 566—583 (2025).
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First-Principles Simulations for Energy-Conversion Materials: An Industrial
View

Dr. Giacomo Melani
Physical Chemistry for New Energies & Fusion Laboratories
Renewable, New Energies & Materials Science Research Center, ENI spa, Piazzale Mattei 1, 00144
Roma

The transition to a low-carbon energy system critically depends on the discovery and optimization of
materials for energy conversion, from photo-active materials for solar water splitting to heterogeneous
catalysts for e-fuels production. First-principles simulations now play a central role in this effort, but
their impact strongly depends on how they are integrated into realistic, industrially relevant
workflows.

In this lecture, I will show how density functional theory, ab initio molecular dynamics, and
machinelearning interatomic potentials can be combined to investigate complex surfaces and
interfaces that govern key steps in energy-conversion processes. I will discuss case studies including
oxide/water interfaces for photoelectrochemical water oxidation and metallic catalysts for small-
molecule activation and conversion. Particular emphasis will be placed on capturing the role of
environmental effects and how such complexity is crucial to describe reactions under operando
conditions.

Building on my recent experience from industrial R&D, I will illustrate how first-principles and
datadriven models can accelerate materials screening, guide experimental design, and de-risk scale-
up decisions. Finally, I will outline current challenges—such as bridging time and length scales,
quantifying uncertainty, and interfacing with process models—and discuss emerging opportunities
for a tighter integration between theory, experiment, and digital tools in the development of
nextgeneration energy-conversion materials.
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Laser Writing: Bio-Derived Carbon Electrodes For Sustainable Supercapacitors

Angelica Bisceglie,*“ Serena Amenta,*’ Pietro Zaccagnini,*“ Roberto Speranza,® Simone
Martellone,” Luisa Baudino,” Marco Fontana,*® Candido Fabrizio Pirri,*® Andrea Lamberti®”
“Politecnico di Torino, Corso Duca degli Abruzzi 24, Turin, Italy.
bUniversita del Piemonte Orientale, Viale Teresa Michel 11, Alessandria, Italy.
“Istituto Italiano di Tecnologia, Center for Sustainable Future Technologies, Via Livorno 60,
Torino, Italy
e-mail: angelica.bisceglie@polito.it,

The fabrication of carbon electrodes for electrochemical devices typically relies on energy-intensive
processes and long production times [1]. In this context, laser writing technique has emerged over the
last decade as a rapid, scalable, and cost-effective method to produce conductive carbon materials
through the direct interaction between a laser beam and a polymeric substrate [2]. While early studies
focused on Kapton, recent efforts have shifted toward bio-derived substrates to further reduce the
environmental impact of the process.

In this work, we explore two complementary approaches. First, we employ cellulose acetate (CA),
commonly used in cigarette filters and potentially recoverable from this waste stream, as substrate
for laser-induced carbonization. By optimizing the laser parameters and introducing a flame-retardant
additive to mitigate substrate ablation, we obtained conductive and porous carbon structures suitable
for supercapacitor (SC) electrodes.

Second, we investigate materials that are intrinsically flame-retardant, proposing an alginate—tannic
acid-montmorillonite composite aerogel as a fully bio-based substrate. This material can be
successfully converted into laser-induced graphene (LIG), yielding efficient electrodes for SCs.
Overall, these results highlight the potential of laser writing as a versatile platform for the rapid and
sustainable production of functional carbon materials from bio-derived substrates, opening new
opportunities for low-impact electrochemical energy storage devices.
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Design and Performance Rationalization of Blue-Emitting Copper(I) Complexes
Bearing Pyridyl-Pyrazole Ligands for Light-Emitting Electrochemical Cells
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Stable and efficient blue-emitting light-emitting electrochemical cells (LECs) remain one of the most
persistent challenges in copper-based electroluminescent technologies, due to fast emitter
degradation, unforeseen solid-state red-shifts, and aggregation-induced quenching.!"?! Here, we
report a systematic molecular-to-device study on a new family of heteroleptic tetrahedral copper(I)
complexes of general formula [Cu(N*N)(P*P)]*, specifically engineered to address these limitations
through controlled steric and electronic tuning. Following our previous work unlocking the first blue
Cu(I)-LECs,B! six novel pyridyl-pyrazole diimine ligands (N*N), functionalized with electron-
donating and electron-withdrawing substituents, have been combined with xantphos (P"P) to afford
highly emissive Cu(I) complexes all exhibiting thermally activated delayed fluorescence (TADF).
The emitters display blue-to-cyan photoluminescence spanning 473-511 nm, solid-state
photoluminescence quantum yields up to 71%, and short room temperature excited-state lifetimes
down to 21 ps. Electrochemical studies reveal quasi-reversible redox behaviour, supporting their
suitability for LECs application. Importantly, we confirmed that conventional single-parameter
design rules fail to rationalize performance trends across solution, powder, and thin-film states.*! To
overcome this, a multivariate statistical analysis was applied, correlating structural descriptors (bite
angles, Cu—N/Cu-O distances, torsional distortion), electronic parameters, and ligand polarity with
photophysical and electroluminescent outputs. Crucially, it reveals that the key parameters governing
photoluminescence quantum yield and device efficiency are distinct, as are those controlling emission
maxima in powder versus thin films and the electroluminescence colour coordinates—providing
definitive evidence of the intrinsic complexity of LEC performance rationalization. LECs fabricated
with these emitters achieve blue-green electroluminescence with luminance up to 230 cd m™ and
current efficiencies up to ca. 1 cd A™' upon ionic optimization—among the best performances
reported for pristine Cu(I)-based blue LECs. Overall, this work establishes a robust design framework
for high-energy copper emitters and highlights multivariate analysis as a powerful tool to accelerate
the development of sustainable, rare-metal-free lighting technologies.
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Potassium manganese hexacyanoferrate (KMnHCEF, Prussian White) is a promising cathode
material for aqueous Zn-ion batteries owing to its open framework, low cost, and environmental
compatibility!. However, its performance is limited by [Fe(CN)s] vacancies and interstitial water,
which destabilize the framework, lower K* occupancy, and accelerate Mn dissolution, ultimately
impairing cycling stability. This study investigates how controlled coprecipitation parameters like
precursor ratio, concentration, and aging mode, combined with chelating additives can mitigate
these intrinsic defects and enhance structural integrity?.

Two additives were introduced to tune nucleation and growth: trisodium citrate dihydrate
(Na3CeHs0722H,0), which chelates Mn?* and slows crystallization to reduce lattice defects®, and
poly(vinylpyrrolidone) (PVP), which suppresses water incorporation and improves crystallinity by
providing steric stabilization'.

Spectroscopic and analytical techniques (XRD, TGA, SEM, EDX) revealed that the introduction of
PVP under dynamic aging conditions promoted the formation of well-defined cubic crystallites
(figure 1) with reduced structural water (from 7.5 % to =3 %) and lower [Fe(CN)s] vacancy
concentration (from ~7 % to 1-3 %) in the presence of PVP compared to the synthesis using citrate
only. Electrochemical analyses (CV, GCPL, EIS) confirmed a strong correlation between improved
crystallinity and enhanced performance, with the optimized KMnHCF delivering high capacity (135
mAhg™!) upon cycling. This work offers critical insights into how synthesis-driven control of
KMnHCEF can be leveraged to optimize its performance in sustainable, aqueous Zn-based battery
systems conceived for large-scale (seasonal) energy storage.
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Figure 1. morphological evolution of KMnHCF nanoparticles as a function of synthesis conditions
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Land based aquaculture generates large amounts of nitrogen rich wastewater, contributing to
eutrophication in fresh and seawater environments'. The nitrogen content (nitrite ion NO," and nitrate
ion NO3") comes from the biological aerobic oxidation of the toxic ammonia NH3 naturally produced
by fish. In this work a photoelectrochemical reactor designed for Recirculating Aquaculture Systems
(RAS) exploits the UV-electrochlorine advanced oxidation process. Illumination of the photoanode
promotes the oxidation of Cl” naturally present in water to highly reactive chlorine species, converting
ammonia into NOs™ and the more inert N> 2. The aim is to abate the overall nitrogen content in the
water, improving water quality, fish welfare and sustainability for aquaculture. The photocatalyst is
a thin film of self-assembled vertical TiO2 nanotubes®, synthesized through anodization of a Ti mesh
in a HF containing ethylene glycol solution at 30V. 6 h of anodization produces photoanodes yielding
currents up to 500 mA at 6 V. Preliminary tests on 100 mgL"' NH3 5 mM KClI solutions, over the
course of 8 h, show NH4" being completely degraded. The amounts of NO>™ and NO3™ formed only
account up to 50% of the consumed ammonia nitrogen, meaning the selectivity towards N> formation
is above 50%. The reactor prototype has been used in a real-life experimentation of fish farming using
rainbow trout* showing a lower NO3™ accumulation compared to the traditional biofilter No visible
effects on fish health are reported, and the technology has proven to be biocompatible.
Figure 1: a) Titania Nanotubular film; b) Schematic of the PEC reactor and experimental setup; c)
Ammonia degradation and photocurrent performance: Current (green), NH4" concentration (blue), NOy
concentration (light blue), NOs™ concentration (red), Cl" concentration (orange)
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How low can biomethane prices go?
Assessment of future scenario through Monte Carlo TEA of direct biogas
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Over the last decades, Power-to-Gas (PtG) technologies, and in particular CO2 methanation, have
gained increasing popularity due to their potential to produce synthetic methane while simultaneously
storing surplus renewable electricity via green hydrogen conversion. A promising application is the
integration of methanation with anaerobic digestion. In this context, direct methanation can be seen
as a chemical upgrading step that can largely replace conventional biogas purification units.
Assessing its economic performance is therefore crucial, not only relative to fossil methane prices but
also to the adjusted costs of alternative upgrading technologies.

In this work, a techno-economic assessment (TEA) is carried out on the flowsheets designed in Aspen
Plus. Economic performance is assessed by calculating the Minimum Selling Price (MSP) through
discounted cash-flow analysis, considering different depreciation schemes [1]. Unlike conventional
deterministic TEA studies, this analysis explicitly incorporates market uncertainty and future trends,
particularly the projected cost of green hydrogen, through a Monte Carlo approach. Two future time
horizons, 2030 and 2050, are also considered. The MSP is used as a key indicator for this comparison.
The resulting MSP distributions show that although low MSP values can be reached in favorable
scenarios, the overall economic performance is strongly influenced by hydrogen price variability.
When benchmarked against current biomethane market prices, the MSP of the proposed configuration
falls within the range of selected German long-term biomethane contracts (29-42 $/MMBtu) and
remains slightly above the global average reported by the IEA (19 $/MMBtu), while still within the
same order of magnitude. This suggests that, under current market conditions, direct methanation can
be economically viable without relying on further price reductions. Future work should focus on
further process optimization and operational flexibility to enhance competitiveness of this biogas
upgrading technology.
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In Perovskite Solar Cells
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Perovskite Solar Cells (PSCs), are a type of photovoltaic device which stand out for of their high
power conversion efficiencies and broad absorption spectrum. However, this technology lacks long-
term stability due to degradation of the perovskite layer when it is exposed to environmental factors.

In this work, we make use of the electrical properties of graphene materials, by exploring the potential
of a composite hole transporting layer (HTL) with reduced graphene oxide (rGO) and poly(3-
hexylthiophene) (P3HT), combination that has been already shown to improve the stability of the
cells.

To address the tendency of graphene derivatives to aggregate, we covalently functionalized different
types of graphene-based materials with various functional groups, to improve their dispersibility in
the P3HT matrix. The derivatives were synthesized through diazotization chemistry and
characterized through Raman, TGA and dispersibility measurements.
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The blends of functionalized graphene derivatives and P3HT were obtained through a sedimentation-
based separation and was characterized by dispersibility measurements, UV-Vis, SEM and TEM,
showing that, among all, functionalized rGO (f-rGO) derivatives (Figure 1) were more
homogeneously dispersed in the polymeric matrix. Further studies will highlight the stability
advantages of depositing f-rGO/P3HT composite material as HTL in PSCs.
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Eu*-Doped Pmma: Advanced Optical Windows For Sustainable Building
Integration
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The luminescence properties of B-diketone lanthanide complexes make them attractive to design
multifunctional advanced materials, with applications spanning diversified fields, such as laser
materials, devices for energy harvesting, probes and sensors.

In the presented work, a family of supramolecular Eu** bis-B-diketones has been used as dopant for
PMMA to produce highly transparent, luminescent polymeric slates.[1] These systems, exhibiting
very high molar brightness, have been first investigated as Luminescent Solar Concentrators (LSCs).
In building-integrated photovoltaics (BIPVs), LSCs are deployed as energy-producing windows
capable of absorbing a portion of the incident solar spectrum and re-emitting it at higher wavelengths.
The emitted light is then converted into electricity by thin strips of photovoltaic material placed at the
slate’s edges.

The synthesized luminophores have been used to realize a series of PMMA/Eu’" slates by cast
polymerization, having a 50 x 50 mm? active area and thickness of 3 mm. The prepared materials
strictly absorb UV radiation, showing transparency and absence of coloration comparable to those of
window glass (AVT = 92%, CRI > 98). The LSCs also show excellent UV blocking properties, as
they fully absorb AM1.5G radiation between 300 and 400 nm. Such wavelengths are known to be
harmful to human health, and to accelerate the degradation of indoor furniture and flooring,
shortening their service lifetimes.

LSC-PV devices have been obtained by coupling the PMMA/Eu®" slates to Si solar cells. Electrical
characterizations (JV curves, EQE spectra) have been conducted in compliance with widely
recognized guidelines for correct measuring and reporting of LSC devices. Results demonstrate that,
by employing the proposed super-bright luminophores, it is possible to achieve classic Eu**-based
concentrators performances by using a 1/100 of Eu weight content in respect, denoting a most
efficient use of such valuable material. Owing to their selectivity to UV photons, the PMMA/Eu**
slates also show potential application as self-powered photodetectors for UV radiation. A brief
overview of preliminary results will be presented as well.
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Perfluorosulfonic acid (PFSA) membranes, such as Nafion™, are benchmark polymer electrolyte
membranes (PEMs) in fuel cells and water electrolyzes sytems due to their excellent proton
conductivity, chemical and mechanical robustness [1]. Nevertheless, their performance declines
under harsh operating conditions particularly at high temperature and low humidity due to
morphological rearrangements of ionic domains, reduced water uptake, and conductivity. To address
these challenges, we are investigating the incorporation of several bio-based additives derived from
industrial wastes, able to modify the membrane nanostructure, enhancing hydration, and reinforcing
the polymer network. Among them, lemon-derived CytroCell has shown promising results in
improving proton transport and mechanical flexibility of Nafion membranes prepared by solution
casting and solvent evaporation method [2]. In parallel, we are evaluating how variations in the
solvent system adopted during membrane fabrication, as well as specific post-treatment protocols,
influence the final membrane morphology and performance. The resulting pristine and composite
membranes were systematically characterized in terms of proton conductivity and permselectivity.
This approach aims to overcome the intrinsic limitations of Nafion and to develop more efficient,

durable, and sustainable PFSA-based PEMs.
&\% |

Figure 1. Schematization of polymeric Nafion (a)
and composite Nafion- L i CytroCell (b) membranes
preparation
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Potassium-ion capacitors (KICs) benefit from pre-potassiation to offset the initial irreversibility of
carbon anodes and accelerate interphase formation. Today’s approaches, metallic K handling, K-
naphthalide solutions, or sacrificial organic potassium salts, raise concerns around safety, cost, and
manufacturing complexity. This work evaluates potassium carbonate (K2CO3), a commodity, non-
pyrophoric, and low-cost inorganic, as a cathode-hosted sacrificial K source. K2CO3; shows an
interesting potential irreversible capacity of 387.9 mAh g!. In this work we analyze the
electrochemical activity of K>COs and engineer a conductive YP-80F activated carbon-based
composite that enable practical first-charge K release. We show that while neat K,COj3 dissolved in
the electrolyte exhibits high oxidative stability and sluggish kinetics, tailored microstructures can
trigger controllable K-donation within common KIC electrolytes upper cutoffs, supporting early-
cycle capacitance. Preliminary results show an optimistic faradic efficiency of more than 60% during
the first irreversible oxidation. A simple, binder-based mixing route scales from laboratory test cells
to pouch cells without inert-atmosphere assembly or exotic solvents. Finally, K2COj3 can reduce pre-
potassiation costs and complexity at pilot scale, with clear design rules for voltage windows, loading,
and composite conductivity. These results position K2CO3 as a pragmatic, manufacturing-friendly
pathway to pre-potassiation in KICs, and outline the remaining materials challenges to close the
performance gap to state-of-the-art sacrificial salts.
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Alkaline technology, alongside proton exchange membrane water electrolysis (PEMWEs),
constitutes one of the two primary low-temperature operation methods, spanning from room
temperature up to 80°C. However, conventional alkaline technology faces limitations in renewable
electricity storage due to poor performance and compatibility issues with intermittent operations.
While alkaline water electrolyzers (AWESs) are surpassed by PEMWE:s in efficiency, the latter suffer
from durability issues and higher costs due to the use of PEMs like Nafion and Platinum Group Metal
(PGM)-based catalysts. An emerging alternative, the Anion Exchange Membrane Water Electrolyzer
(AEMWE), holds promise by employing non-precious metal catalysts and less expensive and non-
perfluorinated membranes, aiming to combine the resilience of AWEs with the performance of
PEMWEs. However, the poor hydroxide ion (OH™) conductivity compared to protons (H"), as well
as thermal and chemical stability, pose significant challenges in the development of anion exchange
membranes (AEMs) [1]. To address them, this study first investigated the incorporation of varying
amounts of Graphene Oxide (GO), synthesized via a modified Hummers method [2], into the
Fumion® FAA-3 ionomer using the solvent casting technique to fabricate AEMs. Then, after proving
its beneficial effect on the conductivity and stability of the AEMs [3], the GO was functionalized with
quaternary ammonium groups using three straightforward and innovative synthesis methods (the
obtained products were named QGO1, QGO2 and QGO3), to further increase the conductivity of the
AEMs. The resulting composite membranes (containing 1%wt of additive respect to the polymer)
showed a high ion conductivity, more than 100 mS/cm at 60°C for the most performing one, respect
to 55 mS/cm at 60°C of the benchmark membrane without additive.
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The global greenhouse gas (GHG) emission landscape places increasing emphasis on methane (CHa)
and carbon dioxide (CO:) emissions from livestock production systems. Within this sector, dairy
cattle represent the dominant source, accounting for 79.6% of national methane emissions in 2020
[1]. While several mitigation strategies targeting enteric methane emissions have been proposed,
ranging from dietary interventions and feed additives to genetic selection and manure management
technologies, their large-scale implementation is often constrained by economic, technical, and social
limitations.

In this context, the present study explores an alternative mitigation pathway based on the recovery of
diffuse methane emissions directly within livestock housing environments, following a concept
inspired by Direct Air Capture (DAC) technologies. Unlike conventional applications of DAC, which
target atmospheric CO:, this approach leverages the elevated methane concentrations found in
confined livestock buildings relative to ambient air. Key challenges include the low absolute
concentration of methane (40 ppm) and competitive adsorption with coexisting gases such as COx,
Nz, and H20, making adsorbent selection a critical aspect of system design.

A range of adsorbent materials, including synthetic zeolite (zeolite 13X), natural zeolite
(clinoptilolite) and several activated carbons, were investigated through a multi-scale experimental
framework. Laboratory-scale tests were conducted under controlled conditions using a microreactor
coupled with mass spectrometry (CATLAB Hiden Analytical), operating with gas mixtures
representative of livestock housing environments. Complementary in sifu experiments were
performed in a dairy barn, with adsorption and desorption behaviors characterized via
thermogravimetric analysis (TGA) and temperature-programmed desorption (TPD).

The findings of this work support the development of a pilot plant, currently under testing near
Piacenza (Italy), and provide a structured basis for assessing the technical feasibility, performance
boundaries, and scalability of methane recovery technologies in livestock farming systems. In the
broader perspective of the energy transition, the proposed approach contributes to exploring pathways
where diffuse agricultural emissions could evolve from an environmental liability into a potential
resource.
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Anion exchange membrane (AEM) electrolysis represents a promising technology for green
hydrogen production, yielding efficiency advantages and reduced dependence on precious metals
compared to proton exchange membrane (PEM) technology [1]. While membrane stability has been
extensively studied, the long-term stability of sealing gaskets, which are critical components for
durability and safety under realistic and accelerated operating conditions remains largely unexplored
. These components operate under harsh conditions including high alkalinity, elevated temperature
and cyclic pressures [2] , their chemical and mechanical stability over the extended periods is still
not fully understood. This study evaluates the chemical, mechanical and thermal ageing behavior of
ethylene-propylene-diene monomer (EPDM) and thermoplastic vulcanizate (TPV) gaskets aged
under controlled alkaline conditions. Samples were immersed in KOH solutions of 0.5 M, 1 M, and
2 M at 65 °C and 80 °C. The chemical changes were tracked using FTIR spectroscopy. Mechanical
properties, including tensile strength, hardness and compression set, were evaluated. In addition,
surface morphology analyses were carried out to identify cracks, swelling or other alterations that
may impact negatively on the performance. Thermal stability and decomposition behavior were
assessed through TGA, DTA, and DSC measurements. After 78 days of immersion in alkaline
solutions the bulk EPDM polymer remained largely stable, maintaining its thermal properties,
whereas ageing study of TPV samples are currently under investigation for comparative assessment.
These results provide insights into the degradation mechanisms of gasket material and support the
development of rational criteria for the selection of appropriate materials to improve the reliability,
safety, and lifetime of AEM electrolyzer stacks.
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The transition toward an efficient hydrogen economy requires the development of polymer electrolyte
membranes capable of operating reliably under the harsh conditions typical of High-Temperature
Proton Exchange Membrane Fuel Cells (HT-PEMFCs), where conventional polymers often suffer
from thermal degradation and conductivity losses under low-humidity environments. In this context,
hybrid membranes represent a promising strategy to enhance both durability and proton transport at
elevated temperatures. Building on extensive experience with Layered Double Hydroxides (LDHs)
as functional nanofillers in hybrid membranes based on Nafion and polysulfone, this contribution
investigates LDH-containing polysulfone membranes prepared via two different approaches. The
conventional route, based on the dispersion of pre-synthesized LDH nanoparticles, is compared with
arecent and innovative in situ growth method, where LDH nanoparticles are generated directly within
the polymer matrix. This comparison allows a critical assessment of the influence of filler
distribution, interfacial interactions, and membrane morphology on functional performance. The
incorporation of LDHs promotes structural reinforcement and the formation of hydrophilic pathways
favorable to proton transport, contributing to improved stability and ionic conduction under HT-
PEMFC operating conditions. Electrochemical and transport properties were evaluated over a wide
range of temperatures and humidification levels to elucidate the role of LDHs and the preparation
method on proton mobility and membrane robustness.

Overall, the results highlight the potential of LDH-based hybrid membranes as high-performance and
cost-effective alternatives to perfluorosulfonic acid membranes, reducing reliance on critical
materials. The proposed approach offers a scalable pathway toward durable HT-PEMFC membranes,
supporting their deployment in clean energy systems and heavy-duty applications aligned with
current decarbonization targets.

Keywords: HT-PEMFC, Polysulfone, LDH, Nanostructured membranes, Hydrogen.
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The transition toward biologically derived chromophores as alternatives to synthetic dyes represents
a significant goal in sustainable materials research. Microbial biomass production offers a versatile
platform for generating natural pigments, leveraging the metabolic pathways of bacteria, fungi, and
microalgae to obtain chemically diverse and environmentally compatible dye molecules. This
biotechnological approach not only reduces dependence on petrochemical colorants but also
integrates effectively into circular-economy frameworks through the use of waste-derived substrates
as nutrient sources.

This study provides an in-depth examination of the chemical architecture of microbial pigments and
their subsequent functional modification for advanced applications. Beyond their conventional role
in textile coloration, these biochromes exhibit intrinsic physicochemical attributes—such as redox
activity, metal-ion coordination capability, and broad-spectrum UV attenuation—that enable their use
in energy-conversion systems (e.g., dye-sensitized solar cells), environmental remediation processes
(including sorption-based removal of heavy metals and organic pollutants), and cultural-heritage
technologies (e.g., reversible, non-invasive chromatic materials for conservation science). Moreover,
the molecular tunability, biocompatibility, and stimuli-responsiveness of microbial dyes highlight
their potential in analytical and security-oriented applications, including smart sensing platforms (pH,
humidity, and microbial-load indicators) and anti-counterfeiting systems[1-3].
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The global expansion of renewable energy sources such as wind and solar power has intensified the
demand for efficient and sustainable energy storage and conversion technologies [1]. In this context,
CO: electrochemical reduction represents a strategic pathway to close the carbon loop while
producing valuable chemicals. However, the performance of CO: electrolyzers remains strongly
dependent on the properties of the binder, which govern ion transport, reactant accessibility, and the
stability of catalyst layers. Conventional ionomers based on perfluorinated chemistries provide
excellent conductivity and durability, but their environmental persistence has raised significant
concerns, culminating in recent European regulations targeting the phase-out of PFAS-class materials
[2]. This motivates the urgent development of alternative binders that are both environmentally
benign and capable of matching or surpassing the electrochemical performance of state-of-the-art
ionomers. Here, we present a newly functionalized Polymer of Intrinsic Microporosity (PIM)
engineered as an ionomeric binder for electrochemical CO: reduction. PIM structural microporosity
arises from its contorted, non-planar backbone, which prevents efficient chain packing and generates
interconnected micropores with an intrinsic surface area approaching 1000 m? g~'. Through targeted
molecular design, ion-conducting groups were introduced into the PIM framework to ensure efficient
charge transport while preserving the advantageous microporosity. This architecture enhances ionic
and molecular transport within catalyst layers. When implemented in CO:RR cells targeting C:
products, the PIM binder enabled high efficiency, achieving C: conversion and selectivity equal to or
superior to those obtained using commercial ionomers. The improved performance is attributed to
enhanced catalyst—binder interactions and optimized mass transport within the porous binder matrix.
In CO: electrolyzers, the PIM achieved over 32.5% C. Faradaic efficiency, whereas commercial
ionomers remained below 28% under identical conditions. The PIM also exhibited a significantly
suppressed H2 generation, remaining below 10%, compared to nearly 20% for commercial binders—
further confirming its selectivity profile and demonstrating performances matching state-of-the-art
materials. In addition, devices incorporating the PIM binder showed stable operation over extended
durations, with negligible degradation of electrochemical performance. These results confirm that the
designed PIM binder constitutes a fluorine-free, high-performance alternative for next-generation
CO: electrochemical conversion systems, supporting sustainable, circular-carbon technologies.
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Indoor photovoltaics (IPVs) harness ambient light inside buildings to generate electricity, offering a
compelling route to self-powered electronics and reduced reliance on disposable batteries for the
rapidly growing Internet of Things (IoT) ecosystem. Compared with outdoor PV, IPVs must operate
efficiently under low irradiance and indoor-specific spectra (e.g., LEDs and fluorescents), which has
driven intense development of tailored PV materials and device designs (including organic, dye-
sensitized and perovskite-based solar cells) optimized for indoor conditions [1,2,3].

IPVs development has mostly prioritized performance and cost targets, without sufficient attention to
the environmental impact of the materials used and how the devices are processed. The sustainability
focus has been limited to the absorber layer, without considering the device’s entire life cycle. A
comprehensive sustainability evaluation must encompass the full device life cycle, including raw
material acquisition and synthesis, device fabrication processes, disassembly protocols, and end-of-
life material recovery. To realize the sustainability potential of [PVs, eco-design must be established
as a foundational principle rather than an afterthought in their development, ensuring that
environmental considerations are integrated from laboratory scale [1].

The main objective is to contribute to the identification of the best set of materials, combinations and
processes to obtain the most sustainable eco-profile throughout their life cycle, intending to develop
eco-friendly absorbers, dyes, charge transport materials and encapsulation while also taking into
consideration the criticality of the materials used in the synthesis of these materials.
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Achieving climate neutrality by 2050 and eliminating greenhouse gas (GHG) emissions is a key goal
for Europe in tackling climate change. Since buildings account for around 40% of global energy
consumption and contribute 36% of GHG emissions, improving their efficiency is crucial for
reducing energy waste and global emissions. Smart buildings can regulate energy consumption, by
controlling heating, lighting and cooling using real-time data, collected by Internet-of-Things (IoT)
sensors. Designing self-powered IoT systems could free them from the power grid and the need for
external batteries, developing and exploiting Indoor Photovoltaics (IPVs).!?

The MENTOR Doctoral Network aims to develop and enhance the efficiency of emerging IPVs,
addressing sustainability concerns and enabling the effective reuse of artificial illumination to power
electronics. The project aims to develop sustainable, recyclable and environmentally friendly IPV
materials, that are tailored to work under indoor conditions and are scalable, stable and performant.
The development of models and standardized evaluation protocols for new devices is a key objective.
MENTOR will focus on the most promising technologies such as organic photovoltaics, lead-free
perovskite photovoltaics, Dye-Sensitized Photovoltaics (DSPV) and inorganic photovoltaics.

DSPVs appear particularly suitable for indoor applications under dim light conditions.? Our research
will focus on multiple aspects and components of the device, such as polymer-based counter
electrodes, innovative electrolyte formulations and novel molecular dyes. The aim is not only to
increase the power conversion efficiency, but also the sustainability and lifetime of the cells while
reducing their carbon footprint. In this poster, I will present the design and synthesis of new
photosensitizer structures, tailored to harvest indoor light from multiple light sources. I will discuss
their optoelectronic properties which were obtained using a wide range of characterization techniques
(DFT calculations, UV-Vis absorbance, cyclic voltammetry). Finally, I will present the preliminary
photovoltaic characterization of the devices.
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The growing interest in renewable energy sources, particularly solar energy, underscores the need for
efficient energy storage systems to overcome their intrinsic intermittency. Supercapacitors have
attracted significant attention due to their rapid charge—discharge rates, long cycle life, and high
power density [1], prompting extensive research on various electrode materials such as metal oxides,
polymers, and carbon-based compounds [2].

In this study, tungsten trioxide (WOs) is investigated as a promising electrode material owing to its
high electrochemical stability, cost-effectiveness, and non-toxic nature. Different WOs samples were
synthesized via a hydrothermal method [3] at pH 1 (adjusted with nitric acid), using ammonium
tartrate as a common capping agent and several additives (LiNOs, NaCl, urea, and thiourea) to
modulate crystal growth and influence the electrochemical behavior.

The resulting powders were characterized by XRD, SEM, TEM, UV-vis, and Raman analyses,
confirming the formation of hexagonal-phase WOs, known as one of the most suitable polymorphs
for energy storage applications, and revealing nanoscale crystal dimensions. Electrochemical
performance was evaluated in a three-electrode cell using an acidic aqueous electrolyte (0.5 M
H2SO4). Cyclic voltammetry (CV) measurements at various scan rates demonstrated excellent
coulombic efficiency (>99%) and a specific capacitance of 280 F g [4] at 5 mV s™' for the most
promising sample (Figure 1). Galvanostatic charge—discharge (GCD) tests at different current
densities further confirmed good cycling stability and consistent capacitance behavior, validating the
material’s potential for high-performance supercapacitor applications.

a T v T T r b v v r v v r c 110
—wo, 280

2} e - - —=—wo, .
- /\\\ s F'm 260 F —e—Li-WO, 9 100 r ——Liwo,
o / N WO, [ % 4—Na-WO, & W +—NaWO, ]
< 1t ///\ wg: L 240p ¢ N-WO, < 0 A NWO,
- [ -T\ : 8 2200 ® SWO, = 80 \\\ swo, ]
2 | S c =4 A
2 of e £ 200 | 5 2 70 \ . ]
H 7 S qaol LA [ \ \\.
3 / g \ g 6 - 1
S -t - S 160f \\ § s S ]
£ P & 10l < 3 s
3 74 3 SN « —~—
° / S ~.. S 4 —

2l 8 120} ~— 8

= / binder: HPC = — 8 5
= / i 100f —
== scanrate: 5vmV/s —~
sl A ; i i g0l i ; 3 ’ . 20
06 04 -02 0,0 02 0O 200 400 600 800 1000 0 200 400 600 800 1000
potential vs Ag/AgCI (V) scanrate (mV s™) scanrate (mVs™)

Figure 1. Comparison between different materials: a. CV at 5 mV s’'; b. specific capacitance; c. capacitance retention
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The search for sustainable energy alternatives has been prompted by the rising demand for energy
worldwide and the negative effects of fossil fuel use on the environment. Particularly when generated
through electrolysis fueled by renewable resources, hydrogen is a promising sustainable energy
source. However, the slow kinetics of the oxygen evolution process (OER) limit the effectiveness of
traditional water electrolysis. In hydrogen generation systems, methanol electrooxidation is
investigated as a more energy-efficient anodic substitute for OER. Two sulphite-complex-based
methods were used to create 50 weight percent PtRu catalysts supported on Ketjenblack carbon
(PtRu/C): (i) sequential Ru impregnation onto premade Pt-sulphite complexes, and (ii) direct mixing
of Pt- and Ru-sulphite precursors. The phase composition, shape, and surface characteristics of the
resultant catalysts were evaluated using XRD, XRF, XPS, and HR-TEM. Methanol electroreforming
in a membrane electrode assembly (MEA) cell was used to assess electrochemical performance. With
a peak current density of 9.4 mA cm™ as opposed to 6.6 mA cm™2 from the impregnated equivalent,
the catalyst produced by precursor mixing demonstrated better MOR activity. With a current density
of 1.78 A cm attained at 1V, full-cell testing at 90 °C further verified improved performance for the
mixed-precursor catalysts. Durability tests revealed that, although the PtRu catalyst obtained from
impregnation initially showed superior activity, the sulfite-derived PtRu catalyst showed better
performance and long-term stability, confirming its increased stability under prolonged operating
conditions. These findings show the significance of synthesis approach in adjusting electrocatalyst
performance and highlight the possibility of improved PtRu/C systems for effective hydrogen
production via methanol electroreforming.
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Renewable energy intermittency requires efficient and flexible energy storage solutions.
Thermochemical materials (TCMs) represent a promising alternative to electrochemical storage,
exploiting the enthalpy of solid—gas reactions in inorganic salts [1]. These compounds can reversibly
absorb and desorb water molecules, releasing heat during hydration and storing it during dehydration,
enabling heat storage across both short and long timescales (night-day; summer-winter) [1,2].
Among potential TCMs, sodium iodide (Nal) is relatively unexplored despite its ability to incorporate
two water molecules under relevant temperature and vapor-pressure conditions, yielding a theoretical
energy density of 1.5 GJ m= [1,3]. In this work, we investigate Nal-based thermochemical materials
obtained by doping Nal in solution. To improve heat and mass transfer and prevent agglomeration
phenomena, the resulting salts were also impregnated into porous matrices such as vermiculite at
different loadings[2].

The structure and microstructure of composites were studied by XRD (X-Ray Diffraction), while
morphological and chemical properties by SEM (Scanning Electron Microscopy), EDS (Energy
Dispersive X-ray Spectroscopy). Thermodynamic and kinetic behavior was assessed through TGA
(thermogravimetric analysis) and DSC (differential scanning calorimetry) under controlled humidity
to determine hydration/dehydration enthalpies (AH), entropies (AS), and activation energies [2,3].
The aim of this study is to optimize composite formulations to maximize energy density and minimize
kinetic barriers, allowing fast and reversible hydration/dehydration cycles for thermal storage
applications.
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The advancement of photovoltaic (PV) technology is fundamental for sustainable energy
production, with silicon-based solar cells being the most prevalent due to their efficiency and cost-
effectiveness. Integrating photovoltaic panels into private and public buildings can be challenging due
to dark coloration of silicon-based photovoltaic devices. In order to address this issue, some
researchers are focusing on the development of alternative photovoltaic devices, such as dye-
sensitized solar cells (DSSCs)[1]. DSSCs typically consist of a photoanode composed by titanium
dioxide (TiO2) coated with a light-sensitive dye. When sunlight strikes the dye, a photoexcitation
process occurs, causing electrons to be injected into the conduction band (CB) of the TiO2, which then
flow through an external circuit, generating an electric current. The oxidized dye molecules are
regenerated by a redox mediator in the electrolyte, usually iodide/triiodide, which transfers electrons
back to the dye. For better integration of DSSCs into buildings, the use of colorless materials is
essential. For this reason dyes that absorb in the near-infrared and transparent redox mediators to
visible light are being studied.[2] In this work, we present new pyridinyl benzo[d]imidazole ligands
designed to coordinate cobalt ion (green box) and ligands designed to coordinate manganese ion
(orange box), forming colorless octahedral metal complexes. These ligands (except for the last on the
orange box) were synthesized and characterized, then used to prepare their respective ones complexes,
future substitutes for the common redox mediators previously mentioned.
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The demand for green energy continues to rise, and photovoltaics represent one of the most promising
technologies in this transition. Although extensive research has focused on increasing cell efficiency,
with remarkable advances, the visual appearance of photovoltaic modules has often been overlooked.
However, to facilitate the integration of PV systems into the urban environment and to expand their
use in architecture and everyday infrastructures, aesthetic factors, and particularly color, become
essential design elements. However, conventional approaches to color tuning in PV devices often
result in substantial efficiency losses, sometimes until 30%, creating a technological challenge that
must be overcome to enable widespread, visually harmonious deployment. In this field, the
ESTEtICO project was born. The final goal is to build a new kind of encapsulant agent for Si-
photovoltaic cells, obtained by multi-layering thin films of colored polymer. To prevent the efficiency
drop, the dyes used are fluorophores and the films act as wavelengths guide for the emitted light.
Thanks to the Luminescent Down-Shift (LDS) the main part of the light so obtained is used by the
cell and not wasted. The final goal of this project is to obtain a terracotta-orange color to increase the
use of photovoltaic in historical city centers. The polymeric matrix consists of EVA functionalized at
25%, incorporating a high—quantum-yield red-emissive fluorophore (Lumogen Red F 305, LR) and
a high—quantum-yield yellow-emissive fluorophore (DQ1"). The Si-PV cell and the multilayer films
were assembled using an index-matching gel before efficiency measurements were performed. The
resulting colored PV devices retain approximately 90% of the power-conversion efficiency of the
uncolored reference cells when employing 0.2 wt% of the red-emissive dye and 1.2 wt% of the
yellow-emissive dye. The multilayer films have a total thickness of about 100 pm.

Figure 1 — EVA and dye film, from the left: single layer with DQ1, single layer with LR and multi-layer of
the two combined

1 — Papucci C. et al., Luminescent solar concentrators with outstanding optical properties by employment of
D-A-D quinoxaline fluorophores, J. Mater. Chem. C, 2021,9, 15608-15621
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Today, in a world where energy consumption, especially electricity, is constantly increasing, the
transition from fossil fuels to renewable energy sources has become a central issue. Within this
context, research and development of new sustainable technologies for energy production based on
the use of luminescent solar concentrators (LSCs) are of growing importance. LSC devices!!, thanks
to the presence of photoactive materials that absorb light and re-emit it at longer wavelengths, are
capable to concentrate solar radiation along the edges of polymer slabs, where a photovoltaic cell is
placed to convert the radiation into electricity. Among the most promising candidates for this
application are organic dyes. One of the most effective strategies for developing organic fluorophores
emitting in the near-infrared (NIR) region, and therefore compatible with silicon photovoltaic cells,
involves the use of n-conjugated donor—acceptor architectures, such as D-A-D and D-A—A' systems.
The work focused on the synthesis of new symmetric D-A-D and asymmetric D-A-A’
dithienophosphole derivatives featuring a central dithieno[3,2-b:2’,3’-d]phosphole acceptor core,
functionalized with various electron-donating and electron-accepting substituents. Structural
modifications were employed to investigate their influence on intramolecular charge transfer and
photophysical behavior. After the synthesis the final compounds were optically characterized through
UV-Vis, fluorescence spectroscopy and tested in LSC devices.
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Fast and Ultrafast Dynamics in Organic Dye—Sensitized TiO: Photoelectrodes
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Figure 1: Scheme of the photoanodes architecture and of photoinduced processes.

Donor—acceptor organic dyes are widely used in solar applications, including dye-sensitized solar
cells and photoinduced water splitting.!?> In this work, we present a series of push-pull dyes
incorporating different heterocyclic units as sensitizers for screen-printed TiO- photoelectrodes. Their
photophysical properties were investigated using steady-state optical spectroscopy and femtosecond
transient absorption spectroscopy. Sensitized electrodes were analyzed and their properties were
compared with those of the dyes in solution to elucidate excited-state deactivation pathways and
charge-carrier dynamics.

This research was funded by the Italian Ministry of Economic Development (MiSE) — Mission Innovation
Programme, Project Italian Energy Materials Acceleration Platform (IEMAP) (CUP B93C22000630006), and
by the European Union — Next Generation EU and the Italian Ministry of Environment and Energy Security
(POR H2 AdP MMES/ENEA-CNR-RSE, PNRR—Mission 2, Component 2, Investment 3.5 "Ricerca e sviluppo
sull'idrogeno™) (CUP B82C21001820001).
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Bismuth vanadate (BiVOs) is a promising photoanode material for photoelectrochemical (PEC)
applications due to its favourable band gap (~ 2.4 eV) and visible-light absorption. However, poor
charge carrier mobility and recombination losses often limit its performance [1,2]. In this work, we
studied the synthesis of BiVOa transparent photoanodes via an optimized electrodeposition process,
followed by a mild thermal treatment to control oxygen vacancies. Structural characterization by X-
ray diffraction (XRD) confirms the formation of crystalline BiVOa., with characteristic peaks
observed after 1.5 h deposition at 2.6 V vs. Ag/AgCl. The PEC performance of the electrodeposited
BiVO4 anodes is compared to spin-coated counterparts, highlighting the differences of
electrodeposition in tuning film morphology and electronic properties [3]. In collaboration with
Ricerca sul Sistema Energetico (RSE), we investigate their use in PEC water splitting for Ha
production and in the oxidation of organic contaminants from industry wastewater. To further
improve performance, we explored lattice doping and surface catalysis. Mo doping during synthesis
resulted in a highly n-doped semiconductor with enhanced charge transport and lower open-circuit
potential. The integration of Ni-Fe oxyhydroxide (FeNiOx) as an oxygen evolution co-catalyst, coated
via photo-assisted electrodeposition onto BiVOs-based electrodes, enabled photocurrent densities
above 2.0 mA cm 2 at 1.23 V vs RHE and a stable photocurrent for more than 6 h under illumination.
These results show that the electrodeposition route provides a versatile platform for material
engineering, enabling controlled Mo incorporation and direct co-catalyst deposition. Future efforts
will focus on optimizing Mo-BiVOs. films prior to FeNiOx deposition and on developing
heterojunctions with metal oxides to maximize PEC performance in solar-driven hydrogen
production and organic pollutant degradation [4].
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Layered transition metal oxides are among the most promising cathodic materials for sodium-ion
batteries due to their high specific capacity and large 2D Na* diffusion pathways. Their synthesis is
commonly carried out via a sol-gel method; however, it is not easily scalable, limiting their
application in the batteries industry. For this reason, the research focuses on alternative methods, such
as co-precipitation, which is simple, scalable and without toxic solvents. However, the main
challenges remain obtaining a high phase purity material, with control over particles morphology’,
and the possible phase rearrangements upon cycling 2.

In this study improvements to co-precipitation methods are presented in the attempt to overcome
some of these key challenges. Special emphasis is placed on the optimization of precipitation
conditions to have control on particles morphology, such as pH, precursors choice and aging time to
favor homogeneous nucleation', and on the co-doping of the widely studied P2-Naz;3NijsMnz30; by
non-toxic and abundant Fe, Mg, K, targeting the Nao.e4Ko.03(Nio.20Mno.soF€0.19Mg0.03)O2
stoichiometry?.

ICP-OES is used to assess the stoichiometry of the intermediate hydroxide and the final oxide.
Structural and morphological analysis reveals a notable reduction of secondary phases and enhanced
phase purity for the desired P2 structure. It is revealed how the synthesis method is effective without
the need of a final washing step of the obtained powder (this step is furthermore detrimental). These
results are reinforced by preliminary electrochemical characterization (reversible capacity of the order
of 120 mAh g!). These findings suggest that, even if further optimization is needed, a scalable
synthesis of a high capacity and stable material is possible.
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Figure 3. Diffractograms of the target material before (a) and after (b) the final washing step of the powder in comparison to the
undoped P2 and O3 phases.
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