Book of Abstracts

WASTE-ENERGY-WATER NEXUS: MATERIALS &
PROCESSES

I edition

15™ July 2025 - Rimini, Italy
16™ July 2025 - Marina di Ravenna, Italy

https://eventi.unibo.it/waste-energy-water-nexus-ics
wew.lcs25@unibo.it

TECNOPOLO
RAVENNA
EMILIA-ROMAGNA 11711111 ENERCUBE

TECNOPOLO e
RIMINI

EMILIA-ROMAGNA 18/ R111E

FONTI RINNOVABILI, AMBIENTE, DIPARTIMENTO

MARE ED ENERGIA - FRAME ALMA MATER STUDIORUM | DICHIMICA
UNIVERSITA DI BOLOGRA | “GIACOMO CIAMICIAN"

SUPPORTED BY
COESIONE Cofinanziato e —— SRGER D CIflu
’ ‘ “ dall’'Unione europea | Q .Bﬁmmmma | ‘ { il

Ministry of Foreign Affairs

1 L Societd Chimi Il
and International Cooperation clera Ermies fiolena

Sezione Emilia Romagna



https://eventi.unibo.it/waste-energy-water-nexus-ics
mailto:wew.ics25@unibo.it

WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

Organizing committee

Chair

Daniele Fabbri (University of Bologna)
Francesca Soavi (University of Bologna)
Shurong Wang (Zhejiang University)

Ncholu Manyala (University of Pretoria)

Local Organizing Committee

Irene Coralli (University of Bologna, Italy)

Andrea Facchin (University of Bologna, Italy)

Elisabetta Petri (University of Bologna, Italy)

Alessandro Girolamo Rombola (University of Bologna, Italy)
Antunes Staffolani (University of Bologna, Italy)

Cristian Torri (University of Bologna, Italy)

Martina Zangheri (University of Bologna, Italy)

Assistant Staff
Elahe Ahmadi (University of Bologna, Italy)

Elyes El Bel Hadj Jrad (University of Bologna, Italy)



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

Table of content

Program of the oral preSentations........c.ccccceecsssnicsssnnecsssssecsssssesssssssssssesssssssssens 6
Tuesday — RIMINT...cccuiiiiiiiieiiic et e 8
Wednesday — Marina di Ravenna ...........cccccoeeeviiiiiiiiiiiiiiciececcee e, 10

Program of the poster presentations ........cceeieeccccsnnreccssssnsrecssssssssessssssssssssssssassssss 12

Keynote lectures aDStractS.. ..o eeieccsccssnreccscssnnreccssssnssecssssssreccsssssssssssssssssssssssssses 16

Invited lectures aDStracCts.........eicevceeeicisniciinrecssnnicssniesssnsicsssssecsssssesssssssssssssessssns 20

Regular 0ral aDSTraCES ......eeiieciicvnriicsicsnriccssssnnnecssssnsnecssssssssesssssssssssssssssssssssssssses 26

Poster presentation abStracts........iiceiecicriccssniessssnicsssnnecsssnesssssecsssssssssssssssssssees 43



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

PROGRAM OF
THE ORAL PRESENTATIONS



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

10:00 - 10:30

10:30-11:10

TUESDAY 15" JULY - Rimini

Registration

Authorities

Scientific session I

Chair: Daniele Fabbri

11:10 - 11:40

11:40—-12:10

12:10 - 12:30
12:30 - 12:50
12:50 — 13:05
13:05 -13:20

13:20—15:00

Keynote. Shurong Wang (Zhejiang University, Hangzhou 310027, P. R. China), Ding S
“Valorizing biomass waste into multifunctional aerogels for solar energy harvesting and
water remediation”

Coffee break

Invited Lecture. Osvalda Senneca (STEMS-CNR, P.le Tecchio 80, 80125 Napoli, Italia),
Cerciello F., Chagtmi R., Coppola A., Chirone R., Fabozzi A., Freisenwinkel E., Narin O.,
Scherer V., Schiemann M., Schmitt S., Yannakis C. “Thermochemical reactions of iron and
biomass within the H,, energy, water nexus”

Invited Lecture. Paola Giudicianni (Institute of Sciences and Technologies for
Sustainable Energy and Mobility (STEMS) - CNR, via G. Marconi 4, 80125, Naples, Italy),
Grottola C.M., Amato D., Fabozzi G., Troiano M., Solimene R. “Influence of heating rate
and residence time on biochar properties across pyrolysis regimes”

Regular oral. Luca Bottoni (School of Science and Technology, Chemistry Division,
University of Camerino 62032, Camerino, Italy), Darjazi H., Sbrascini L, Staffolani A.,
Pastore G., Minnetti L., Verdicchio F., Gabrielli S., Catorci A., Nobili F. “A sustainable
anode for Na-ion batteries based on holm oak waste-derived hard carbon and lignin
binder”

Regular oral. Davide Gramigni (University of Bologna, Via Gobetti 85, 40129, Bologna,
Italy), Pollice A., Marcaccio M., Valenti G., Paolucci P. “Understanding pH Effects on
Nickel-Graphene Catalysts to Optimize the Oxygen Evolution Reaction”

Lunch buffet



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

Scientific session 11

Chair: Shurong Wang

15:00 — 15:30

15:30 — 15:45

15:45 -16:00

16:00 —16:15

16:15-16:30

16:30 — 16:45

16:45 -17:00

17:00—17:30

Keynote. Haiping Yang (State Key Laboratory of Coal Combustion, School of Power and
Energy Engineering, Huazhong University of Science and Technology, 1037 Luoyu Road,
Wuhan 430074, China), Hu Q., Zeng K., Yingquan C., Xiong Z, Yang Y.1, Xianhua W.,
Jingai S., Qing Y., Hanping C. “Renewable energy driven biomass conversion for H2 and
biochar”

Regular oral. Corinna Maria Grottola (Institute of Sciences and Technologies for
Sustainable Energy and Mobility - STEMS-CNR, 80125, Napoli, Italy), Amato D., Ragucci
R., Giudicianni P. “Influence of temperature and atmospheric conditions on heavy metal

behaviour during biomass pyrolysis”

Regular oral. Davide Amato (Institute of Sciences and Technologies for Sustainable
Energy and Mobility - STEMS-CNR, 80125, Napoli, Italy), Giudicianni P., Grottola C.M.,
Ragucci R. “Insights on the effects of Pb speciation and contamination type on
lignocellulosic biomass pyrolysis”

Regular oral. Edoardo Tito (Department of Applied Science and Technology, Politecnico
di Torino, Corso Duca degli Abruzzi 24, 10129, Turin, Italy), Ceragioli G., Pipitone G.,
Bensaid S., Pirone R. “Hydrothermal liquefaction as a valorization pathway for biomass
and plastic wastes”

Regular oral. Serena Monaco (Department of Chemical Materials Environment
Engineering, Sapienza University of Rome, Italy), Damizia M., Bracciale M.P., De
Caprariis B. “Hydrothermal liquefaction of mixed plastic waste: Conversion and resource

recovery”

Regular oral. Erica Ribechini (Department of Chemical Engineering, Sapienza

University of Rome, Italy), Damizia M., Locaspi A., Caraccio R., Pegurri A., Pelucchi M.,
De Caprariis B. “Pyrolysis of polyolefins: Kinetic and experimental study”

Regular oral. Mirke Magni (Department of Environmental Science and Policy, Universita
degli Studi di Milano, 20133 Milano, Italy), Rajagopalan R., Cassardo G., Riva G., Ghezzi
S., Roustazadeh P., Grassi A., Bacco C “Electrochemistry as a polyvalent tool in the design
of an industrially relevant process for recycling of spent lithium-ion batteries”

Closing tea



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)
WEDNESDAY 16" JULY — Marina di Ravenna

9:30-10:00 Registration
10:00—10:30 Welcome coffee

10:30 - 11:50 Authorities

Scientific session I
Chair: Francesca Soavi

11:15-11:45 Keynote. Ncholu Manyala (Department of Physics, SARChI in Nano Materials for Energy
storage and Water purification applications, University of Pretoria 0028, South Africa),

Rutavi G., Mutshaeni F.B.2, Kirui J.K., Soavi F. “Chemical and electrochemical extraction
of transition metals from LiB leachates for MOF-based supercapacitor electrodes”

11:45-12:05 Invited Lecture. Camilla Zanoni (Deptartment of Chemistry, University of Pavia, and
INSTM, Via Taramelli 12 27100 Pavia, Italy) “How long-term research is supporting
battery recycling: the Horizon Europe REMOVATE project”

12:05—-12:30 Invited Lecture. Antonio Conversano (Politecnico di Milano Dipartimento di Energia,
via Lambruschini 4 — 20156 (MI) Italy), Sogni D., Zatti M., Di Bona D. “Integrated
valorization of meat residues for biomethane and hydrochar production”

12:30—13:30 Visit of EnerCUBE Lab & FIPWE@ UNIBO Lab

13:30—15:00 Lunch buffet

14:00—15:00 Poster session

Scientific session II
Chair: Ncholu Manyala

15:00 — 15:15 Regular oral. Cléo Pires (Department of Chemistry Giacomo Ciamician, University of
Bologna, via Piero Gobetti, 85, 40129, Bologna, Italy), Lacarbonara G., Arbizzani C.

’

“Quasi-solid electrolytes/membranes based on zeolite A for safer batteries’

15:15-15:30 Regular oral. Leonarde Sparascio (Department of Industrial Chemistry "Toso
Montanari", University of Bologna - Alma Mater Studiorum, via P. Gobetti 85, 40129 —

10



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

15:30 — 15:45

15:45 -16:00

16:00 - 16:15

16:15-16:30

16:30 — 16:45

Bologna, Italy), Torta G., Cespi D., Ciacci L., Vassura 1., Passarini F. “Selective recovery
and valorization of permanent magnet content from end-of-life electric motors”

Regular oral. Luca Vignali (Department of Industrial Chemistry “Toso Montanari”,
University of Bologna, via Piero Gobetti 85, 40136 Bologna, Italy), Arfelli F., Rosati F.,
Melino F., Cespi D., Ciacci L., Vassura 1., Passarini F. “Improve Renewable Energy
Integration through Pumped Hydro Storage: STORE2HYDRO Project”

Regular oral. Federica Mancini (CNR-ISSMC, 48018, Faenza, Italy), Paliienko K.,
Menichetti A., Lysenko V., Montalti M., Adamiano A., lafisco M. “From waste to
bioimaging: Fluorescent carbon dots derived from food industry residues”

Regular oral. Anna Liguori (Department of Chemistry “Giacomo Ciamician”, University
of Bologna, Via Gobetti 85, 40129, Bologna, Italy), Gamberini L., Gotti C., Zucchelli A.,
Malucelli G., Focarete M.L. “Bio-based molecules and dynamic covalent bonds for the
development of recyclable and self-healing thermosets and coatings”

Regular oral. Jun Li (State Key Laboratory of Coal Combustion, School of Power and
Energy Engineering, Huazhong University of Science and Technology, 1037 Luoyu Road,
Wuhan 430074, China), Zeng K., Yang H. “Molten salt assisted algae pyrolysis for H2 and
capacitive carbon production”

Regular oral.. Cristian Torri (Department of Chemistry, University of Bologna, Ravenna,
Italy), Zimbardi F., Facchin A., Aktas T., Rombola A.G., Fabbri D. “Preliminary
investigation on pyrolysis-anaerobic digestion integration for the safe exploitation of
digestate”

16:45—17:30 Closing remarks, awards assignment & final toast

11



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

PROGRAM OF

THE POSTER PRESENTATIONS

12



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

Po1

P02

Po3

P04

POsS

Poo6

Po7

P08

P09

P10

POSTER PRESENTATIONS

Amato D. (Institute of Sciences and Technologies for Sustainable Energy and Mobility -
STEMS-CNR, 80125, Napoli, Italy), Giudicianni P., Grottola C.M, Fabozzi G., Ragucci G.
“Biomass pyrolysis for MILD combustion and dry reforming feedstocks production”

Blancato F. (National Research Council of Italy, Bologna, Italy), Trifoglio A., Favaretto
L., Khaliha S., Zambianchi M., Rossin A., Melucci M. “Oligothiophene and
oligoselenophene based Zirconium MIXMOFs for water quality control”

El Halimi M.S. (Laboratory of Chemical Engineering and Ressources Valorization,

Faculty of Sciences and Techniques, Abdelmalek Essaadi University, Ancienne Route de
I’ Aéroport, Km 10, Ziaten. BP: 416, 90000, Tangier — Morocco), Souikny A. Achak O.,
Zanelli A., Soavi F., Chafik T. “Transformation of argan shell bio-waste into high-
performance carbon materials for supercapacitor applications”

Filomena M. (Department of Chemistry and Industrial Chemistry, Via Giuseppe Moruzzi
13, 56124, Pisa, Italy), Mattonai M., Nardella F., Ribechini E. “FEutectic solvents and
microwave heating for a sustainable lignin extraction and fractionation from biomass”

Khaliha S. (Institute for Organic Synthesis and Photoreactivity (ISOF), National Research
Council of Italy (CNR), Bologna, Italy), Trifoglio A., Pintus A., Blancato F., Bocchi L.,
Melucci M. “Upcycling of plastic scraps from biomedical membrane production and their
reuse in water treatment technologies”

Lambiase B. (Department of Industrial Chemistry “Toso Montanari”, University of
Bologna, via Piero Gobetti 85, 40129, Bologna, Italy), Luzzati G., Scurti S., Barlocco 1.,
Villa A., Caretti D., Dimitratos N. “Urea hydrolysis in batch reactors: preliminary
optimisation of reaction setup and process conditions”

Lezza A. (Department of Chemical and Geological Sciences, University of Modena and
Reggio Emilia, Italy), D’Eusanio V., Burello M., Rivi M., Roncaglia F. “Biochars as
conductive filler in bipolar plate”

Marzorati A.L. (Dipartimento di Chimica “Giacomo Ciamician”, Universita di Bologna,
Via Piero Gobetti 85, 40129 Bologna, Italy), Samori C., Galletti P., Soavi F., Petri E. “Deep
Eutectic Solvents (DESs) as sustainable alternative electrolytes for Vanadium Redox Flow
Batteries (VRFBs)”

Mascetti F. (Department of Chemistry “Giacomo Ciamician”, Alma Mater Studiorum
University of Bologna, Italy), Xierzati S., Mojtahedi S., Vitale A., D’Agostino S., Samori
C., Rombola A.G., Sparascio L., Zentile C., Cespi D., Passarini F., Staffolani A., Manyala
N., Soavi F. “An environmentally sustainable approach for metal recovery from battery
cathode production scraps”

Mutshaeni F.B (Department of Physics, Institute of Applied Materials, SARChI in Carbon
Technology and Materials, University of Pretoria 0028, South Africa), Rutavi G, Kirui J.K.,
13



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

P11

P12

P13

P14

P15

P16

P17

Soavi F, Manyala N. “Selective separation of lithium and transition metals from spent Li-
ion battery leachate using p-tert-octylphenoxyacetic acid via extraction—precipitation”

Pontiroli D. (Universita di Parma, Dipartimento di Scienze Matematiche, Fisiche e
Informatiche, Italy), Rinaldi A., Ahmad N., Magnani G., Sidoli M., Milanese C., Ricco M.
“Tayloring porosity of activated biochar for energy storage applications”

Rajagopalan K. (VisioNing srl, Milan, Italy), Falletta E., Magni M., Marzorati S., Meroni
D., Adani F., Bianchi C.L. “VisioNing: valorization of agro-industrial wastewater. From

research bench to business”

Rutavi G. (Department of Physics, SARChI in Nano Materials for Energy storage and
Water purification applications, South Africa), Mutshaeni F.B., Kirui J.K., Soavi F.,
Manyala N. “Controlled Electrodeposition of Co/Ni-MOF from NMC-333 leach solution
from Lithium-Ion Battery Materials for Supercapacitor electrode application”

Squillantini L. (Consiglio Nazionale delle Ricerche, Istituto per lo Studio dei Materiali
Nanostrutturati (CNR-ISMN), Italy), Tocco D., Natali M., Gnoli L., Mezzi A., Dionigi C.,
Lunedei E., Liscio F., Parisini A., Seri M., Fratini E., Ruani G., De Giorgio F. “Sustainable
carbon nanoparticles as additives in inverted hybrid perovskite solar cells”

Vitale A. (Department of Chemistry “Giacomo Ciamician”, Alma Mater Studiorum
University of Bologna, Italy), Xierzati S., Mojtahedi S., Mascetti F., D’ Agostino S., Samori
C., Rombola A.G., Sparascio L., Zentile C., Cespi D., Passarini F., Staffolani A., Manyala
N., Soavi F. “Sustainable recovery of cobalt from spent cathodes into functional 1D/2D
coordination polymers”

Xiong Z. (Department of Chemistry Giacomo Ciamician, University of Bologna,
Tecnopolo di Rimini, via Dario Campana 71, 47922, Rimini, Italy), Ahmadi E., Fabbri D.,
Facchin A., Rombola A.G., Torri C., Soavi F., Marcaccio M., Yang H.P., Wang S.R.
“Development of LaFeQOs perovskite and molten salt activated sewage sludge biochar
modified screen-printed electrode for the determination of methylparaben in seawater
samples”

Zanoni C. (Department of Chemistry University of Pavia, Via Tramelli 12, 27100, Pavia,
Italy), Callegari D., Merli D., Quartarone E. “Solvometallurgical approach for the recovery
of valuable metals from EoL batteries”

14



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

15



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

KEYNOTE LECTURES

16



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

Chemical and Electrochemical Extraction of Transition Metals from LiB
Leachates for MOF-Based Supercapacitor Electrodes

Manyala N.!, Rutavi G.!, Mutshaeni F.B.2, Kirui J. K.2, Soavi F.}

!Department of Physics, SARChI in Nano Materials for Energy storage and Water purification applications,
University of Pretoria 0028, South Africa
’Department of Chemistry, University of Venda, Thohoyandou 0950, South Africa
3Department of Chemistry "Giacomo Ciamician"”, UE4- Via Gobetti 85 - 40129 Bologna, Italy EnerCUBE - Centro
Ricerche Ambiente, Energia e Mare - CIRI FRAME, Via Ciro Menotti 48, 48122 Marina di Ravenna (RA), Italy,
University of Bologna

ncholu.manyala@up.ac.za

Electrodeposition and chemical precipitation methods were used to extract transition metals from Li-ion
battery (LIB) leachate for MOF-based supercapacitor electrodes fabrication. In the electrodeposition,
MOFs were directly deposited on carbon cloth (CC) using electrical energy. A high-performance Co/Ni-
MOF electrode was fabricated on CC at pH 3 producing agglomerated nanoflower-like structures, achieving
a specific capacity of 102 mAh g at 1 A g™! and retaining 81% capacity after 10,000 charge—discharge
cycles at 5 A g' in 3 M KOH. In chemical precipitation p-tert-Octylphenoxy-acetic (POOA) was used in
separating transition metals from lithium to form insoluble salts for Ni/Mn-MOF electrode synthesis. The
optimised Ni/Mn-MOF-48 h sample synthesized using a Ni-Mn-MOF electrode 48 hours delivered a
specific capacity of 20.7 mAh g* at 1 A g* in 3 M KOH, with a coulombic efficiency of 99.2% and 40%
capacity retention after 5,000 cycles at 5 A g'. These findings demonstrate promising potential for
sustainable transition of metal recovery and future lithium reintegration into battery manufacturing.
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Valorizing biomass waste into multifunctional aerogels for solar energy
harvesting and water remediation

Wang S."2, Ding S.!

Zhejiang University, Hangzhou 310027, P. R. China
Shenyang University of Chemical Technology, Shenyang 11014, P. R. China

srwang@zju.edu.cn

Converting biomass waste into multifunctional aerogels via carbonization offers a sustainable pathway to
address interconnected challenges in waste management and energy utilization. This work presents two
biomass-derived carbonized aerogels—starch/carbon nanotube-based and chitosan-based—engineered
respectively for solar-thermal energy conversion and storage, and efficient solar-assisted oil-water
separation. The first approach transforms starch aerogel into carbon-nanotube-enhanced aerogel via
template carbonization. The obtained carbonized aerogel serves as a photothermal scaffold for phase change
material infiltration. The resulting composite feature tunable porosity (26.7%—85.6%) and dual-function
performance: high solar absorption (>90%) and robust latent heat storage (melting enthalpy up to 182.1J
g-1). The sample attains a stable surface temperature of 86 °C under 1 sun. Nanoconfinement within aerogel
pores stabilizes metastable PCM polymorphs, broadening temperature ranges (60-85 °C) for thermal
management. Thermal insulation of composites (A = 0.112 W m-1 K-1) further supports energy retention.
The composite maintains structural integrity over 10 solar cycles with zero leakage, demonstrating robust
solar energy regulation. Additionally, carbonized chitosan/citric acid aerogels were developed through
freeze-drying and low-temperature carbonization for oil-water separation. These carbonized aerogels
exhibit exceptional oil/organic solvent uptake (40-125 g g-1) with >99% separation efficiency across
extreme conditions (pH < 2, pH > 12, temperature was 4 or 65 °C). Their compressible macroporous
network enables 90% shape recovery after 10 compression cycles, facilitating mechanical oil recovery. The
carbonized aerogels possess surface photothermal conversion performance, with the surface temperature
raising above 80 °C under 1 sun. In a simulated seawater environment (4 °C), the saturated absorption time
of aerogels for crude oil is reduced from four days to 10 minutes under 1 sun, while achieving an absorption
of 56 g g-1. These synthetic biomass aerogel materials provide modular,scalable strategies for circular waste
valorization, solar energy utilization, and clean water access.

Biomass

Figure 1: Biomass-derived carbonized aerogels for photothermal conversion and storage, and solar-assisted oil
spill cleanup
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Renewable energy driven biomass conversion for H; and biochar

Yang H.!, Hu Q.!, Zeng K.!, Yingquan C.!, Xiong Z.!, Yang Y.!, Xianhua W., Jingai S.!,
Qing Y.!, Hanping C.!

IState Key Laboratory of Coal Combustion, School of Power and Energy Engineering, Huazhong University of
Science and Technology, 1037 Luoyu Road, Wuhan 430074, China

yanghaiping@hust.edu.cn

Biomass as the only carbon contained renewable resources, it not only can substitute fossil fuel for power,
it also shows the possibility for high value chemicals and materials, it is very important to energy, chemistry,
environment, etc. various field. Also, when with carbon capture or carbon utilization was combined, it is
carbon negative, and play a significant role for the carbon neutral target. It is the future of green energy.
Thermochemical conversion can convert biomass to H2 rich gas fuel, liquid oil, carbon contained materials,
and chemicals. It is the most promising technology of biomass utilization. In this Presentation, the
thermochemical conversion process was introduced respected to hydrogen and high value carbon materials
production, also some new technologies were showed, especially with the development of new energy and
in combination with new heating method, such as solar power, molten salt energy storage, and joule heating,
etc. Also, the prospective was elaborated with the point view of carbon negative utilization of biomass.
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Integrated valorization of meat residues for biomethane and hydrochar
production

Conversano A.!, Sogni D.2, Zatti M.2, Di Bona D.2

!Politecnico di Milano Dipartimento di Energia, via Lambruschini 4 — 20156 (MI) Italy,
2LEAP s.c.a r.l. — Laboratorio Energia e Ambiente Piacenza, via Nino Bixio 27/C — 29121 (PC) Italy

antonio.conversano@polimi.it

The REPowerEU plan aims to reach a biomethane production target of 35 billion cubic meters (bcm)
annually by 2030, up from the current 4 bem in 2023 [1]. This goal is designed to decrease the European
Union's reliance on imported natural gas and is expected to require an investment of approximately 37
billion euros. To achieve this target, several strategies need to be implemented, among which the
valorization of food waste and residues may cover a relevant role due to the high level of homogeneity of
the selected streams. In Emilia-Romagna Region, the food industry produces more than 450 kt/y of waste
from the food and beverage sector, which is equal to more than 3% of the total regional industrial waste
produced, and more than 13% of the national waste from the food and beverage sector with reference to
2019 [2]. The NACE 10.1 group is dedicated to processing and preserving of meat and production of meat
products, and it is associated to a regional value added equal to more than 1 G€ (2017 data) [3]. The recent
increase in production costs has led to reduced profit margins, exposing the sector to new challenges in
meeting the energy and environmental targets imposed by emerging European regulations. Meat processing
generates residues amounting to approximately 25-55% of the live weight of the original animal, resulting
in high management and disposal costs. This underscores the need to identify more cost-effective reuse
strategies compared to current practices, such as use in pet food production or incineration for energy
recovery. Within this context, the MEAT-ICO project funded by Emilia-Romagna PR-FESR is evaluating
new opportunities for the valorization of processing residues within a circular economy framework. The
work aims at discussing the recent results of the conceptual design of alternative valorization processes
based on a combination of anaerobic digestion and hydrothermal carbonization in order to produce
biomethane and char from fat-rich trimmings produced by the meat industry.
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Figure 1: 3 processes investigated in the MEAT-1ICO project.
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Biochar Carbon Removal (BCR) has emerged as a promising and technologically advanced approach for
carbon sequestration. The long-term stability of biochar in the environment has been experimentally
confirmed, and its durability in soil is commonly evaluated using well-established chemical and physical
indicators, such as the hydrogen-to-organic carbon ratio (H/C_org), random reflectance, and the ratio of
volatile matter to fixed carbon [1]. While the influence of pyrolysis temperature on biochar’s properties has
been widely studied, the roles of heating rate (HR) and residence time () at a given temperature (T) have
received comparatively less attention [2]. HR, defined as the time derivative of temperature (T(t)),
characterizes the thermal evolution of biomass during its transformation into biochar, assuming a known
initial temperature. During temperature transients, HR 1is critical, whereas the residence time t becomes
particularly important under isothermal conditions, where HR equals zero. This study explores the
combined influence of heating rate (HR) and residence time (t) at different final temperatures under both
slow (~0.1-1°C/s) and fast (~100—-1000 °C/s) pyrolysis conditions [3] on the chemical and physical
characteristics of biochar using a thermogravimetric analyzer coupled with Fourier Transform Infrared
Spectroscopy (FTIR), as well as bench-scale batch reactors. Particular attention is given to the hydrogen-
to-carbon (H/C) ratio, the volatiles-to-fixed carbon ratio, and porosity. A range of biomass feedstocks—
representative of forestry, agricultural, and industrial residues—were selected based on their varying
organic and ash content. The biomass samples were subjected to pyrolysis under different thermal histories
(HR and 1), mimicking typical operating conditions for slow and fast pyrolysis in the 500-800 °C
temperature range.
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Figure 1: Reactors for (a) slow and (b) fast pyrolysis tests
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For the success of hydrogen economy in Europe, the most accredited scenarios assume that hydrogen will
be produced from water electrolysis with the renewable energy of windmills or photovoltaic plants, or
alternatively from biomass through thermochemical conversion processes such as gasification. Hydrogen
shall then be transported in gaseous or liquid state through ships and pipelines. For long distances
conversion to ammonia and shipping in cooled vessels appears the most feasible option so far.

However, a new alternative path is emerging recently for the long distance transport of hydrogen [1]. This
is based on the use of metal carriers. Accordingly, green hydrogen produced in Africa or South Asia would
be used to reduce iron oxides (3Fe>03+9H,-->6Fe+9H,0). The reduced iron can be, later on, re-oxidized
with H20 to produce hydrogen (6Fe+9H,O--> 3Fe,O3;+9H,). Notably, iron powder is stable at room
temperature and suitable for transport by ships and trucks. By this means, hydrogen can be carried over
long distances in the form of a safe and stable solid (reduced iron), without the need for expensive pipelines
or shipping infrastructure. In terms of energy-water nexus, this approach is also quite interesting, because
at the hydrogen production site the combination of the iron ore reduction with water electrolysis leads to
virtually zero water consumption, with significant benefit in dry regions.

Reduced iron is also a very interesting perspective fuel for the retrofitting of coal burners for carbon neutral
power generation. Research along this path is facing an increasing momentum across the globe. As for
reduced iron, so far, this is mostly produced, especially in countries like Australia, through reaction of iron
ores with coke and, more in general, with carbon of fossil origin. The use of biomass as alternative reducing
agent is an interesting low carbon option, but the mechanisms and kinetics of this reaction are not well
established.

Reduction of iron ore with hydrogen and biomass are both interesting heterogenous reactions from the
thermodynamic and kinetic point of view [2,3]. The role of structural changes and internal mass transfer
add complexity to these reactions. Moreover, structure and reactivity can change over repeated cycles of
operation. The present work will provide an overview of these aspects, addressing the perspectives and
research gaps associated with the mentioned thermochemical conversion routes.
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It has been estimated that 400 GWh of EoL Li ion batteries (including scraps) will be available for recycling
by 2040 [1]. Considering that worldwide governments are investing in electric vehicles these capacities are
inevitably expected to grow. This trend makes ever more urgent the boosting of battery recycling for several
reasons, €.g., the safe management of a huge amount of wastes including many toxic components, and the
securing of healthy supply chains. Additionally, recycling will play a crucial role in developing a circular
economy, by reducing the demand for virgin materials and the Europe’s dependence from third countries.
Indeed, one of the main strategies to remedy the uneven distribution of raw materials and the future supply
issues is the development of effective and economical recycling strategies, the so-called urban mining,
which is going to be forced by EU regulation [2, 3]. There are many obstacles in the way of the nascent
LIB recycling industry, among which the most important are: 1) challenging recycling and recovery targets
required by the Regulation; 2) low collection rate and poorly regulated collection strategies; 3)
heterogeneity in input feedstock due the presence of different LIB chemistries; 4) lack of knowledge of LIB
chemistry from producers due to IPR protection; 5) low selectivity of mechanical treatments; 6) poor global
efficiency (up to now plastic and organic components are completely lost) and high cost of chemical
processes [4]. There is evidence that recycling cannot be separated from reuse, which implies a strong effort
toward materials/cell/battery pack redesign [4]. Similarly, to go towards a zero-waste recycling, non-
metallic elements (such as electrolyte, solvents, salts and polymers) must be recycled back to use.

The Horizon Europe RENOVATE project aims at developing and demonstrating new circular economy
solutions for the European battery value-chain, targeting the re-use of ~100% (95+%) of in-specification
cell fractions (e.g. metallic foil, graphite, electrolyte, fluorinated compounds and cathode active materials)
within the battery production chain, fostering a closed-loop circular approach (including direct recycling)
that would reduce battery material waste going to landfill, increase the availability of battery precursors in
the European battery eco-system, and demonstrate new added-value business cases for recyclers and battery
materials users. All recycled materials are recovered over all potential streams (pre-customer scraps and
EoL products). The goal is to support the green and digital transformation of the European battery industry
to increase its competitiveness and promote its just growth path.
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In the context of renewable energy and alternative fuels, “unconventional” lignocellulosic biomass is
attracting great interest. An example of this biomass is represented by heavy metals contaminated biomass
that comes from polluted sites (i.e. marginal lands). Pyrolysis is a promising thermochemical valorization
treatment for contaminated biomass [1]; however, the presence of heavy metals raises environmental
concerns related to both their release during the process [2] and the utilization of the contaminated pyrolysis
products. Moreover, the presence of heavy metals can modify the pyrolysis mechanisms and, consequently,
the properties of the pyrolysis products. However, the observed effects of heavy metals are correlated to
their absolute concentration, disregarding any possible influence of their chemical speciation or of the
contamination nature, which is an indication of the kind of bonding between the heavy metal and the
biomass tissues [3].

This work investigates the transformations of lead (Pb), one of the most common soil contaminants, during
pyrolysis of poplar biomass in a wide range of pyrolysis temperatures (400-800 °C) to study Pb distribution
into the different pyrolysis products and its possible effects on the pyrolysis mechanisms. In particular, the
effects of different Pb chemical forms typically found in the soil and of different mechanisms responsible
for biomass contamination are investigated. Various aspects are considered: from the Pb behavior in terms
of recovery in the biochar and its stability and speciation to the possible effects on biochar, bio-oil, and
pyrolysis gas yield and composition.

Poplar biomass was doped focusing on two aspects: first, three different doping procedures with lead acetate
(Pb(CH3COO),) were applied to study the effect of Pb bonding type with the biomass structure. Then,
poplar biomass was doped with two Pb salts (lead acetate and lead nitrate (Pb(NO3),)) to investigate the
effect of Pb chemical speciation. The treated and untreated feedstocks were treated under slow pyrolysis
conditions at different temperatures (465, 600, and 800°C), and the resulting products were analyzed
through different techniques monitoring Pb fate and products’ properties variations.

The results show that Pb displacement among pyrolysis products, Pb chemical transformations and stability
in the biochar are affected both by initial Pb speciation and Pb bonding with biomass tissues.

On the other hand, while the different Pb speciation results in different products’ composition and
properties, the simulation of different contamination types does not result in great variability among the
analyzed samples.

In conclusion, when treating heavy metal contaminated biomass through pyrolysis, more importance should
be given to the identification of the actual chemical speciation of the contaminants and their binding with
biomass tissues, since these are two parameters that affect both heavy metal displacement and pyrolysis
products’ characteristics.
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Sodium-ion batteries (SIBs) represent one of the key-enabling technology for the ongoing energy transition.
However, the economic success of SIBs relies on sustainable and low-cost electrode materials such as the
bio-derived ones. Particularly, it is important to find an environmentally friendly alternative to the
commercial binder polyvinylidene fluoride, which currently poses several concerns, as for the other
perfluorinated alkylated substances (PFAS), in terms of high environmental impact. In this context, a holm
oak waste biomass was used both for the production of hard carbon and as a source of lignin, a natural
binder currently poorly valorized (Figure 1). A one-step pyrolysis of holm-oak waste followed by acid
leaching were performed to obtain a hard carbon with low amount of impurities, good interlayer spacing
and well-developed microporosity and surface area.[1] On the other hand, lignin has been extracted from
holm oak waste feedstock through an organosolv process with a binary mixture of y-valerolactone and
water, obtaining a lignin with high level of purity. The obtained materials were combined to prepare a bio-
based anode materials for SIBs, exhibiting around 200 mAh g-1 reversible capacity in Na half-cells cycled
at 300 mA g-1, with promising rate capability and long cycling stability even at high current rates. The
electrochemical results combined with the interfacial and post-mortem SEM analysis demonstrated the
ability of lignin binder to ensure longstanding adhesion with hard carbon substrate, reflecting into electrodes
with long cycle life and capacity retention.
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Figure 1: Schematic representation of the holm oak-waste workflow
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Electrolytic water splitting to generate hydrogen and oxygen is one of the most promising ways to harness
intermittent renewable power sources, store the provided energy as a clean-burning and sustainable fuel
and mitigate greenhouse gas emissions. However, in the water splitting reaction, constituted by the
hydrogen evolution reaction (HER) at the cathode and the oxygen evolution reaction (OER) at the anode,
the HER rate is often limited by that of OER due to the more sluggish kinetics and the large overpotential
of the latter, which lowers the overall energy conversion efficiency [1].

The OER typically proceeds via a four-electron proton-coupled electron transfer (PCET) mechanism, which
may follow either a concerted or stepwise pathways, depending on factors such as the nature of the catalyst
and the reaction conditions. [2].

IrO2 and RuO2 stands out as the best catalyst, though its scarcity, poor stability and high cost pose
significant challenges. In this context, earth-abundant, non-noble metals are promising candidates to replace
noble-metal catalysts, offering more cost-effective alternatives for large-scale applications.[3].

In this work we focused on the study and characterization of nanostructured electrocatalysts for the OER,
based on non-precious metals such as Ni, Co, at different pH values. These materials, developed in
collaboration with Dr. Penicaud and Dr. Hof at the CNRS Materials Science Laboratories in Bordeaux,
were studied to assess the dependence of the OER mechanism on the electrolyte pH, as a mean to not only
increase the overall performances but also to gain mechanistics insights into the role of alkalinity on the
electron transfer process.

An actual dependence of OER activity on alkalinity was observed, with an increase in anodic current as the
pH increased for each catalysts studied. This finding suggests a possible decoupling of electron and proton
transfer, through the addition of a OH and/or OOH deprotonation step, thus separating and decoupling
proton transfer from electron transfer and giving rise to pH-dependent behavior.

20

——pH 12.5

184——pH 13
16 pH 135

o ——pH 14
E 14
pH dependent 2 n
ﬁ E w0
= s

§
OER activity S 8
4
2
metal nanoparticle/ o
nanocarbon composites 1.2 1.4 16 1.8

EvsRHE/V

Figure 1: Representation of nanostructured catalysts and the observed pH-dependent OER activity
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A comprehensive analysis of biochar production from the pyrolysis of contaminated lignocellulosic
biomass is presented, with a focus on the influence of key process parameters—namely, temperature and
reaction atmosphere (inert vs. reactive)—on biochar yield, chemical composition, and heavy metal
behavior. Experiments were conducted under controlled conditions using inert (nitrogen) and reactive (CO-
and steam) atmospheres, across a temperature range of 300°C to 700°C.

The results indicate that increasing pyrolysis temperature generally reduces biochar yield while promoting
the formation of gaseous and liquid products, due to enhanced devolatilization and secondary cracking.
Under inert conditions, higher temperatures produce biochar with increased aromaticity, elevated carbon
content, and reduced oxygen levels—attributes desirable for long-term carbon sequestration and soil
amendment.

As expected, reactive atmospheres further decrease biochar yield through gasification reactions, while
enriching the gas phase with CO and H: [1]. The speciation and transformation of heavy metals during
pyrolysis follow distinct pathways, influenced by temperature and atmosphere, which ultimately affect their
distribution across pyrolysis products.

The nature of the carrier gas significantly impacts product yields and the behavior of lead (Pb) in the
resulting biochar. Pyrolysis in CO: consistently yields more biochar than in steam (H-0) or mixed
atmospheres across all temperatures. At higher temperatures, CO: reacts with inorganic species, increasing
the ash content in the resulting biochar. Conversely, steam promotes extensive volatile release and
gasification, leading to lower biochar yields.

Pb recovery in biochar is reduced under steam-containing atmospheres (H-O and Mix) compared to inert
conditions, and both steam environments exhibit similar trends with temperature. These results highlight
the dominant influence of H>O in the mixed gas environment. In contrast, pyrolysis under CO: at low and
intermediate temperatures maintains high Pb retention in the biochar, suggesting that pyrolysis in a CO:
atmosphere favors the production of PTE-free (potentially toxic element-free) fuel vapors.

According to the sequential extraction protocol proposed by the Community Bureau of Reference (BCR)
[2], pyrolysis transforms Pb into more stable chemical forms across all atmospheres, regardless of
temperature. At lower temperatures, Pb tends to be stabilized (likely as silicates), following the trend N2 >
CO:2 > Mix > H20. At higher temperatures, this trend is reversed.

Overall, the interplay of pyrolysis temperature and atmosphere critically affects the efficiency and
selectivity of the process for treating Pb-contaminated biomass, influencing both product distribution and
heavy metal stabilization.
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Algae are competitive in terms of sustainable raw material supply and green energy production due to their
rapid growth and rich composition of various elements. Molten salt opens up a new path for efficient
thermochemical conversion of biomass by virtue of its unique liquid environment, high thermal
conductivity and catalytic properties. This study investigates the feasibility of converting algae into
capacitive carbon and hydrogen by using molten salts. In the presence of molten carbonates, the activated
carbon obtained from algae possesses a high specific surface area of 2009.26 m2/g, a hierarchical porous
structure and abundant oxygen- and nitrogen-containing functional groups. As a result, a high specific
capacitance of 230.2 F/g is obtained. Besides, co-pyrolysis of algae and lignocellulosic biomass has been
proved to increase the yield and capacitance of capacitive carbon. In the presence of alkaline molten salts,
a stable hydrogen yield of 71.48 mmol/g-algae (86.10 vol.%) with minimal CO/CO: emissions (< 0.5 vol.%)
can be achieved from algae. In addition, the hydrogen production mechanism and the influence of algae
ashes are also analyzed through simulation and experiments. This study is expected to provide a scientific
reference for the high-value conversion of algae.
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Figure 1: Molten salt assisted algae pyrolysis for H2 and capacitive carbon production
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Growing environmental concerns and the depletion of fossil resources demand sustainable strategies for
developing thermosetting polymers aligned with circular economy principles. Unlike thermoplastics, which
are relatively easy to recycle, thermosets have long been considered non-recyclable due to their permanent
crosslinked structures.

In this contribution, a vanillin-based photocurable resin was designed for circularity by incorporation of
imine functionalities through a Schiff-base reaction between the aldehyde function of vanillin and amino
groups of a diamine. Due to the crosslinked structure and imine linkages, the free-standing covalent
adaptable network expressed self-healing and thermal reprocessability.

Furthermore, it could be chemically recycled by immersing in a diamine solution, which activated
transimination. The obtained oligomeric product with amine-terminal groups could be utilized for
production of new thermoset films [1]. The synthesized resins were employed for the development of
composite vitrimeric coatings by incorporating functionalized silica nanoparticles at 2%, 5%, and 10% w/w
relative to the monomer content. The formulations were applied onto different substrates, i.e. glass, wood
and steel, and then cured through UV irradiation and thermal treatment to achieve crosslinking. The
resulting coatings were evaluated for adhesion, anti-scratch and self-healing behaviour. The results
demonstrated a strong adhesion of the coatings to the steel. Scratch resistance was assessed on glass
substrates according with the Standard Test Method for Film Hardness by Pencil Test (ASTM D3363-22).
The inclusion of silica nanoparticles embedded significantly enhanced the hardness of the coatings,
effectively preventing the scratch formation compared to the coating without silica nanoparticles.

The self-healing and multiple-time self-healing properties of the coating were assessed by manually
inducing surface scratches and evaluating their closure after thermal heating in a temperature range between
80°C and 120°C for few minutes. Results demonstrated that all coatings exhibited thermal self-healing
behavior regardless of the substrate, with the most effective scratch recovery observed at silica nanoparticle
loadings of 2% w/w and 5% w/w.

Finally, the possibility to remove the coatings from the substrate under specific conditions, thanks to the
reversible nature of imine bonds, was also demonstrated supporting their reuse and sustainable end-of-life
management.
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Lithium-Ilon Batteries (LIBs) are ubiquitous electrochemical devices, from portable electronics to electric
vehicles. The tight dependence of this technology from some critical materials is forcing the scientific and
industrial community to find out effective strategies to recover such materials from the constantly increasing
numbers of spent LIBs. Looking at the EU area, to achieve the stringent recovery rate defined by EU
regulation for the coming years recyclers still need efficient hydrometallurgical recovery processes.
Despite the relatively simple working principle, plenty of specific features of LIB technologies (crafting
process, plenty of cathode chemistries, shapes and dimensions) combined with the lack of standards in
manufacturing, entail challenges for the recycling processes. Thus, the development of a robust multi-step
process capable of working with batteries, of any types, is up to date the most plausible solution. Besides
pre-treatment stage, which may include mechanical and separation steps together with chemicals ones
aimed at recovering solvent and/or lithium electrolyte, binders, etc., the core of any hydrometallurgical
recycling process employs the dissolution of metal oxides from positive electrode (i.e., leaching stage) and
the recovery of the dissolved metals (i.e., precipitation, separation, refining).
In the present applied research project, carried out through a joint collaboration with an engineering
company part of the Consortium of the European Battery Innovation project (IPCEI Batterie 2), we are
contributing to develop an industrially relevant closed-loop process for LIBs recycling. In particular, after
presenting the general flowsheet of the ongoing process, the speech will be focused on discussing the
potential of electrochemistry in supporting the technological challenge.
In particular, case studies will be presented demonstrating application of electrochemistry to face at both
analytical and synthetic practical issues. The discussion will be focused on:

- development of a in operando electrochemical protocols for the on-line monitoring of both 1) leaching
stage and ii) metal recovery stage;

- waste-stream recovery through a DoE study of an electrodialysis cell operating at intermediate scale
between benchtop and pilot-scale one.
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Nowadays, research focusing on the control and use of nanomaterials in various fields, including life
sciences, has become a key driver of innovation. In this context, the UNAT project focuses on the
development of ultra-small (~10 nm), multifunctional carbon-based nanohybrids (NHs), functionalized
with metal atoms for applications in cancer diagnostics and therapy. A key innovation lies in the sustainable
synthesis of these nanomaterials from food industry wastes, aligning with circular economy principles by
converting biomass into high-value photoluminescent materials. Carbon dots (CDs) are a class of carbon-
based nanomaterials known for their strong luminescence, excellent water dispersibility, low toxicity, and
high biocompatibility - making them attractive for biomedical applications including drug delivery and
bioimaging. In this work, CDs were produced from food industry by-products, in particular chestnut and
peanut shells. These lignocellulosic biomasses, rich in cellulose (25-30%), hemicellulose (22—-28%), and
lignin (30-40%), represent a naturally abundant and promising raw carbon source for photoluminescent
nanomaterials. Three main approaches were explored for synthesizing CDs and tuning their chemical and
photophysical properties, namely a controlled combustion reaction, a microwave-assisted carbonization
and a basic hydrolysis for lignin and hemicellulose extraction from the nut shells. CDs were initially
produced by thermal treatment in air of milled nut shells, followed by purification of the CD dispersion.
As-synthesized CDs possessed excellent water dispersibility thanks to their abundant negatively charged
surface groups, good luminescence properties, and were successfully applied for in vitro cell imaging.
Indeed, CDs were not cytotoxic to fibroblasts up to 0.5 pg/uL and retained a good luminescence after
cellular internalization [1]. In addition, the as-produced CDs showed a pH-dependent luminescence and
may, therefore, serve as cellular pH sensors. In a second instance, gadolinium-doped CDs (Gd-CDs) -to be
used as contrast agents in magnetic resonance imaging (MRI)- were produced via a microwave-assisted
synthesis, followed by multistep purification. The longitudinal relaxation time (T1) of Gd-CDs was
measured to assess the success of the synthesis and to check whether the gadolinium was sufficiently
strongly complexed within the carbon structure [2]. The efficacy of Gd-CDs in MRI scanners was then
evaluated using a mouse phantom model that is transparent to magnetic radiation. Gd-CDs showed a good
potential for use as positive contrast agents, as a significant contrast enhancement was observed in the MRI
scans, particularly at 11.7 T. As both of the above methods resulted in blue-emitting CDs with limited
quantum yield, a different approach based on the extraction of lignin from the nut shells was subsequently
used to 1) obtain CDs with improved quantum yield and 2) tune their emission in the red region to achieve
deeper tissue penetration than blue-emitting CDs. Basic hydrolysis of the milled nut shells resulted in the
cleavage of cell walls, leaving the cellulose as solid residue and lignin and hemicellulose as mother liquor.
Subsequently, p-phenylenediamine (p-PD) was added to the mother liquor to red-shift the emission of the
CDs and the solution was microwaved. This treatment produced CDs with a wavelength-dependent
emission and a marked red emission at 282 nm. Our study proves that fluorescent CDs can be synthesised
in several ways from food industry by-products, thus giving waste materials a second life. By adjusting
synthesis parameters, CDs with tunable physicochemical and photophysical properties can be developed
for diverse biomedical applications, including imaging and diagnostics.
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Handling plastic wastes and improving their management have become major concerns of our time,
especially due to current global environmental issues. The possibility to produce oil and chemicals from
waste can significantly reduce the volume of waste plastics ending up in landfills, enabling its valorization
and thereby lowering waste emissions. Up to now, only 30% of plastics is recycled globally, primarily
through mechanical processes, highlighting the need to improve the recycling processes and move toward
a more circular economy for plastics[1]. Hydrothermal liquefaction (HTL) is a thermochemical process
than can convert many typologies of polymers into chemicals and monomers using water as solvent. In
HTL environment, plastics are broken down into smaller oligomers and monomers via hydrolysis. This is
followed by dehydration, decarboxylation, and deamination, generating reactive intermediates that
recombine to form final products[2]. This work investigates the use of mixed plastic waste as HTL feedstock
at subcritical conditions. Mixed plastic waste is the residue of the sorting process to select plastic suitable
for mechanical recycling; it consists of a heterogeneous mixture of plastics and may contain other materials
such as paper, glass and organics residues. FTIR analysis revealed the presence of different typologies of
polymers (e.g., PE, PP, PET, PS, PU, PVC) and paper. Goal is to investigate if sub-critical HTL could
decompose polymers containing heteroatoms to recover valuable compounds (i.e. monomers) and to obtain
a solid phase composed only by polyolefins (PP and PE) which could be processed to produce renewable
fuels.The HTL experiments were performed in a 20 mL stainless-steal reactor at different temperatures
(280, 300, 330°C) and reaction times (10 and 30 minutes). Additionally, the influence of feedstock particle
size will be analyzed, as this aspect is crucial in determining the cost of the pretreatment processes required
before HTL. The percentage yields of the products showed approximately 82,9% solid, 4,5% aqueous
phase, 5,5 % bio-oil, and the gas phase, including losses, was calculated by subtraction, resulting in around
7.1% at 300°C. Under subcritical conditions, the obtained solid product is expected to consist of
decomposition products from organics and plastic materials such as paper, PET, PU, and PVC, and plastics
that do not decompose (e.g., PE, PP, and PS). Undecomposed plastics were separated and terephthalic acid
(TPA) was recovered from solid fraction. Mixed plastic waste exhibited varying amounts of undecomposed
plastics depending on granulometry. The coarse granulometry (>1cm) showed the highest presence of
undecomposed plastics, around 80%, with a very low TPA recovery rate of approximately 20% under all
operating conditions. The lowest amount of undecomposed plastics was observed in the medium
granulometry waste (1-0.335 cm), which also had the highest TPA recovery, accounting for 50% of HTL
feedstock. These results suggest a high PET content in the feedstock, which was confirmed by GC-MS
analysis of the aqueous phase. The analysis revealed that, in all operating conditions, the mixed plastic
waste with medium granulometry contained approximately 80% ethylene glycol.

Mixed plastic waste is shown to be a viable feedstock for HTL under subcritical conditions, with particle
size significantly affecting plastic decomposition and TPA recovery, while polyolefins remain largely
undecomposed. Further valorization could be achieved through a second HTL step under supercritical
conditions.
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Rechargeable batteries are an important pillar toward electrification, which is essential to reduce the
greenhouse emission and achieve a greener future. Despite the remarkable advance on lithium-ion batteries
(LIBs), this class of storage energy device cannot support alone the stablished goals regarding fossil fuel
use diminution, due to lithium availability for example. Therefore, other technologies must be developed
as well, like redox flow batteries, sodium-, zinc-, potassium-, calcium-based batteries and so on [1]. Another
important topic regarding LIBs is safety, that as produced today with organic liquid electrolytes remains
with some risks associated with thermal, electric or mechanical runaway [2]. On the other hand, aqueous
electrolytes are safer, but the electrochemical stability window is much more limited. Therefore, gel, solid
and quasi-solid electrolytes can combine safety with a wider voltage, being the low ionic conductivity the
main drawback to develop. Lu and col have demonstrated that water confined inside a metal organic
framework (MOF) do not react with alkali-metal allowing remarkable stability and energy density for
water-based rechargeable batteries [3].

In the present work we used zeolite a (LTA) as water confinement agent (Structure and morphology shown
at Fig. 1a and 1c) instead of a MOF to produce membranes with several polymers (PVDF, PEO, Chitin,
Chitosan) as binders, looking for cheaper and more sustainable formulations with satisfactory
electrochemical performance. Different formulation and protocols were employed to improve mechanical
properties like some flexibility achieved with PEO (Fig. 1b) and permeability/microporosity with PVDF
(Fig 1d). Initial electrochemical test with lithium in anode-free (Fig 1e) and symmetric configurations show
that the water present is properly trapped inside the LTA pores and good stability was achieved over 300 h
with 1 mA cm-2 of current density. Continuous improvement with lithium systems will be later applied for
other metal-based batteries.
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Figure 1: LTA structure (a), LTA:PEO 9:1 photo (b), LTA micrography (c), LTA:PVDF 9:1 micrography (d), Galvanostatic
charge-discharge first cycles profile for Cu //Li after 2 mAh cm-2 deposition with current density of 1 mA cm-2 and energy
density of 0.4 mAh cm-2 with LTA:PVDF 4:1 membrane wetted with 1M LiPF6 in PC/DEC
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Plastic waste (PW) has become one of the major environmental challenges in recent decades, contributing
significantly to pollution and landfill saturation. Recycling and enhancing the circularity of plastic waste
are key strategies to address the issues related to the end-of-life management of these materials. When
plastic waste consists of a single polymer, mechanical recycling is the most effective approach to recover
the material and reuse it in new products. However, mechanical recycling cannot achieve complete
recyclability, as it leads to the deterioration of the material’s physical properties. Consequently, only 20—
40% of a product is typically made from recycled material. In such cases—and particularly when plastic
waste is composed of mixed polymers—chemical recycling represents a viable alternative. Chemical
recycling consist in converting end-of-life plastic materials into chemicals that can be used as a feedstock
for the production of new petrochemicals and plastics and into fuels [1]. Among chemical recycling
processes, pyrolysis decomposes organic macromolecules into smaller molecules in inert atmosphere and
in a wide range of temperature (400-1000 °C). Aim of this work is to study secondary gas-phase reactions
occurring during the pyrolysis of High Density Polyethylene (HDPE) by coupling a newly designed lab-
scale apparatus and detailed kinetic modeling. The experimental tests have been conducted using a tubular
quartz reactor 40 cm long with a 1 cm of internal diameter heated by an electrical resistance of 25 cm
located in the middle of the reactor. Ar is used as carrier gas. When it reaches an isothermal condition an
amount of 0,25 g of HDPE is inserted into the heated zone of the reactor. The influence of temperature
(700-800 °C) and residence time on the products was evaluated. Gas phase was analyzed by Quantitative
Mass Spectrometer and the vapor, such as benzene and toluene, after being trapped in n-decane, are
analyzed with GC-MS. The model consists of two communicating frameworks, a primary degradation
mechanism [2] occurring in melted phase, and a secondary gas-phase reaction model describing the
evolution of a surrogate mixture resembling the primary fragmentation products. The experimental setup is
approximated using a simplified network composed of a semibatch reactor for the first degradation step in
melted phase and a homogeneous plug flow reactor (PFR) resembling the gas-phase secondary cracking.
Preliminary results in Fig.1 show a comparison between model and experimental data demonstrating a good
agreement between model and experimental data when in the model a dilution of only 5 % of the products
with Ar is considered, a sensitivity analysis for this parameter was conducted.

C2 convertion

Figure 1: Total conversion of C2 species: comparison between experimental data and model.
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The demand for NdFeB permanent magnets is rapidly increasing due to their essential role in clean energy
technologies. However, their production is heavily dependent on rare earth elements (REEs), whose
extraction and processing are largely concentrated in a few regions, resulting in geopolitical vulnerabilities
[1]. Recycling offers a promising alternative to reduce reliance on these limited sources, but the
development of a dedicated recovery infrastructure remains limited [2]. Moreover, REE-containing
materials are often dispersed within ferrous waste streams, making effective recovery challenging due to
their dilution [3].

This study investigates the recovery of NdFeB magnet fractions from end-of-life electric motors through a
combined thermal and mechanical treatment approach. The motors were thermally treated to eliminate
permanent magnetization, induce thermal stress and facilitate mechanical disintegration. Subsequently, the
motors were shredded and processed using magnetic separation in an authorized treatment facility.
Additional laboratory procedures and elemental analyses were performed to assess the distribution of
magnetic material across various waste fractions.

The results showed that part of the magnetic material was not captured by the drum magnet separator and
remained embedded within the non-ferrous waste matrix. This material was later subjected to a magnetic
screening step, which proved effective in capturing finer ferromagnetic particles, ultimately yielding a
magnet-enriched fraction.

In addition to material recovery, the study also included energy-related assessments of the overall process.
These evaluations provided insights into the energy demand associated with each processing step,
supporting the identification of potential optimizations for improving energy efficiency.

Overall, the findings highlight the potential for refining pretreatment and separation strategies to enhance
NdFeB recovery and separation efficiency, contributing to the development of more sustainable and energy-
conscious magnet recycling systems.
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The production of advanced biofuels from waste biomass has attracted significant interest as a potential
solution to the pressing issue of global warming. Among the various technologies, hydrothermal
liquefaction (HTL) has demonstrated compelling performance for the energy exploitation of organic waste.
HTL operates in an aqueous environment at subcritical temperatures (250-374 °C) and pressures (4—
25 MPa) sufficient to prevent feed vaporization, with a solid-to-water ratio of up to 30 wt%. Typically, the
target product of HTL is an oil phase (biocrude) that, after upgrading, can be used as a substitute for fossil
fuels. The process also yields a hydrochar, a gas phase rich in CO2, and an aqueous phase containing
residual organics.

This presentation provides an overview of recent advancements in HTL. While thermochemical processes
using waste aim for feedstock flexibility, it is well established that the distribution and characteristics of
HTL products are heavily influenced by feedstock composition [1]. In particular, biocrude yield has been
shown to be increased following the trend lipids > proteins > carbohydrates present in the feedstock.
Moreover, strong interactions between biochemical constituents can lead to synergistic or antagonistic
effects, especially when proteins and carbohydrates are present in comparable amounts [2]. Far less is
known about the effects of inorganics present in the feedstock. A broad screening of the most common
metal cations (Na, K, Mg, Ca) in different inorganic forms has shown that even in limited concentrations,
inorganic salts can significantly affect biocrude production and residual solid yields. Specifically, sodium
and potassium, particularly in their more basic forms, tend to enhance solid conversion and increase
biocrude production.

In terms of applications, HTL offers a significant advantage over dry thermochemical technologies such as
pyrolysis and gasification for processing high-moisture waste streams. These conventional methods require
energy-intensive drying pretreatments, whereas HTL can directly process wet biomass. One illustrative
example is the valorization of digestate, a diluted slurry byproduct of anaerobic digestion. Converting
digestate via HTL can reduce disposal burdens, increase fixed carbon retention in the hydrochar, and enable
the co-production of biocrude, which holds economic value [3].

Finally, recent research has explored the use of HTL for valorizing plastic waste. Due to the ionic nature of
subcritical HTL, it is possible to selectively convert condensation polymers—which contain heteroatoms
in their structure—into monomers that can be used to produce virgin polymers. This process enables the
selective chemical recovery of condensation polymers (e.g., PET, PA) from multi-polymer materials that
are unsuitable for mechanical recycling [4]. Additionally, controlled dechlorination of difficult-to-valorize
PVC can be achieved via subcritical HTL, resulting in an almost fully dechlorinated solid [5].
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Digestate is the ultimate unavoidable waste of biorefining and, more in general, anaerobic digestion (AD).
This material, which is a Mton resource, is not anymore suitable for biological conversion but still retains
a significant amount of nutrients/carbon/energy content. Due to chemical proprieties of digestate, there is
still no technical solution for small scale thermochemical conversion of digestate into a drop in energy
carrier. Py-AD concept depolymerises digestate with pyrolysis, thus providing water-soluble pyrolysis
products (WS) and pyrolysis gases to anaerobic digestion (performed in the presence of biochar co-
product), to obtain additional biomethane. Digestate was subjected to slow pyrolysis (at 400°C and 550°C)
followed by gasification in CO»/H,O atmosphere at 900°C. Pyrolysis/gasification products were quantified
and characterized providing a detailed mass, energy, carbon and nitrogen balance of the process. WS was
analysed in detail for the first time, characterizing a satisfactory (45%) amount of WS on a molecular basis.
To address the challenges related to AD of WS and gases AD, a novel pyrolysis-anaerobic digestion (PyAD)
concept was investigated. The developed system uses a continuously stirred tank reactor (CSTR, for WS)
connected to a Char-Based Sparger reactor (CBSR, for gases). The CSTR receives char from the
gasification stage and both WS and gases. In this reactor, to address the ammonia issue, a lab-tested
approach, namely cyclic aeration of biochar (which partially nitrifies and/or strips ammonia) is used. This
method exploits an important feature of AD-activated biochar, it acts as a weak acid exchange resin and
concentrates a significant amount of ammonia on the solid. In practice, a portion of the biochar is withdrawn
from the bottom of the CSTR, exposed to air and/or stripped and put back into the CSTR, with an extremely
simple procedure that stabilizes the aqueous ammonia concentration below 3000 mgNH3-N/L even when
processing WS with 14 000 mgNH;3-N/L and C/N lower than 10. The developed system allowed o process
up to 5 gCOD/L d of WS and syngas, delivering biogas and an interesting nutrient enriched biochar. Overall
digestate to biomethane conversion yield was 50% and AD-treated biochar showed interesting chemical
features (pH<8.2, low PAHs content) that suggests a significant agronomic value.
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Figure 1: Graphical description of PyAD concept for digestate valorisation
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In response to the unprecedented decline in global natural resource endowments, the nexus framework is
gaining increasing influence on resource management practices. [1] In particular, numerous recent studies
have focused on understanding the existing interrelationships and interdependencies between water and
energy, including Life Cycle Assessment (LCA) analysis to support strategies designed to reduce their
depletion. [2] In this context, the STORE2HYDRO project aims to increase Europe's electricity storage
capacity for non-dispatchable renewables through Pumped Hydroelectric Systems (PHS). PHS works by
pumping water to higher reservoirs with surplus energy and releasing it to generate electricity when needed,
enhancing the connection between renewable sources, utilities and the electrical grid. The main operational
principle is to guarantee the satisfaction of the utility electricity demand, giving priority to energy directly
sourced by renewables, followed by the PHS, and finally the grid. Complementarily, LCA is applied to
compare the environmental performances (e.g., climate change and water depletion) associated with the
different water and energy flows occurring in Scenario 1, which involves the presence of the PHS plant,
against a Scenario 0, where the PHS plant is not present. The PHS's performance’ , yielding all energy and
water flows as depicted in Figure 1a, is based on a mathematical model, coded with Python. The LCA study
adopts a cradle-to-grave approach and covers the entire lifetime of the PHS system (100 years). The selected
functional unit is 1 kWh consumed by the utility. According to Figure 1b, by moving from Scenario 0 to
Scenario 1, it emerges a saving of 0.124 kgCO» eq/kWh, demonstrating the advantages associated with the
penetration of non-dispatchable renewable energy sources. Future developments of the presented work will
extend the evaluation to a wider spectrum of environmental categories, including water consumption. Nexus
analysis confirmed to be crucial for understanding resource relationships and predicting flow changes. In
particular, its combination with LCA offers a broader view, allowing to quantify the reduction of
environmental impacts and resource depletion.
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Figure 1: A)Energy and water flows of Scenario 1, B)Results of climate change impact from the two scenarios.
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Pyrolysis is an established process for biomass thermal treatment. However, the potential use of the different
pyrolysis products is still being widely investigated due to their complexity and to the great variability of
their properties depending on many parameters (e.g. operational parameters of the process, feedstock
biomass characteristics, pre- and post-treatments). In the framework of the project MINICOR - MILD
Combustion with Nitrogen and Carbon Dioxide Reforming (Figure 1), funded by the European Innovation
Council, biomass residues are processed through pyrolysis to form different products: permanent gases,
bio-oil and biochar. Biochar is designed for nitrogen adsorption from several sources, while the other
products can be converted through combustion or dry-reforming under MILD conditions for energy or bio-
fuel production, given its high fuel flexibility, high efficiency and low environmental impact. Straw,
hardwood (poplar) and softwood (mixed residues) have been selected as biomass feedstock. Temperatures
360, 450, and 600 °C and a heating rate of 10 °C/min were selected for the experimental tests of the selected
biomasses. Moreover, the effect of solid holding time at 0 and 1 h was considered. The permanent gases
produced during pyrolysis were analyzed online via micro-Gas Chromatography, and the corresponding
heating value was subsequently calculated. The bio-oil was collected and analyzed offline with different
analytical techniques, such as Gas Chromatography coupled with Mass Spectroscopy (GC-MS) for
oxygenated compounds identification and quantification, and Karl Fisher Titration for water content
determination. The gas composition analysis shows that for pyrolysis temperatures higher than 450 °C, all
the combinations of feedstocks, temperatures and solid holding times result in a gas mixture suitable for
MILD combustion. The bio-oil composition gives fundamental information on how to create surrogates (as
single species or as a mixture) to gain insight into the reaction mechanism and the optimal operating
condition for the non-catalytic dry reforming of such complex feedstock.
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Figure 1: MINICOR flow diagram
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Metal-organic frameworks (MOFs) have garnered significant attention in recent years for a variety of
applications, including gas storage and release, energy systems, catalysis, chemical sensing, and removal
of water pollutants[1]. A key advantage of MOFs lies in the ability to finely tune their properties, which
depends on the nature of both the metal centers and the organic linkers which are factors that govern their
porosity, chemical stability, and adaptability[2].

Notably, zirconium-based MOFs (Zr-MOFs) offer enhanced resistance to aqueous environments, thanks to
the strong coordination between Zr*" ions and the oxygen atoms of carboxylate-functionalized linkers
commonly used in their synthesis, this making them suitable for water treatment [3].

Here, focusing on the development of innovative materials for the adsorption and sensing of emerging
contaminants from drinking water[4], we introduce a new class of Zr-MOFs based on oligothiophene and
oligoselenophenes linkers. A class of fluorescent trimers bearing carboxylic groups at the oligomer edges,
was synthesized by Stille cross coupling reaction[5] and then used for the preparation of Zr-MOFs. The so
obtained MOFs were studied as sorbent of different classes of emerging contaminants including
perfluoroalkyl substance (PFAS), pharmaceuticals, antibiotics and endocrine disruptors. Adsorption
performance in relation to the MOF structure will be discussed.

Figure 1: a) Synthesis of thiophene and selenophene based linkers; b) Zr-MOF preparation and characterization, c)
targeted application: water remediation
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This presentation explores the transformation of Argan shell bio-waste into high-performance carbon
materials for supercapacitor applications, with particular focus on evaluating different electrolyte systems.
Using a controlled carbonization and activation process, we fabricated porous carbon electrodes with
tailored porosity and high surface area to enhance charge storage capabilities.

The study systematically investigates the electrochemical performance of Argan-derived carbon across
multiple electrolyte systems, including aqueous, organic, ionic liquid, and water-in-salt electrolytes. Our
comprehensive analysis reveals how electrolyte selection critically influences three key performance
parameters: capacitance, energy density, and cycling stability.

Key findings show that while aqueous electrolytes deliver high capacitance, they exhibit a limited voltage
window. In contrast, both organic and ionic liquid electrolytes enable higher energy density through their
wider operational voltage ranges. The water-in-salt electrolyte system emerges as a balanced solution,
offering both competitive performance and enhanced safety features.

This work demonstrates the versatility of Argan shell-derived carbon as an efficient, low-cost, and
renewable electrode material. The results provide valuable insights for electrolyte optimization in next-
generation supercapacitor development, while simultaneously promoting sustainable waste-to-energy
solutions.
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In the last years, the interest in lignin has risen thanks to its potential valorization into materials, industrial
building blocks, and lignin-based polymers. Eutectic solvents (ES) are sustainable, economic, and safe
solvents that can extract and solubilize lignin under mild conditions[1]. After the extraction, fractional
antisolvent precipitation can be used to narrow the lignin polydispersity and increase its suitability for
numerous applications[2]. A detailed characterization of ES-lignins is necessary to determine its suitability
for different valorization strategies. Analytical pyrolysis-based techniques can provide a variety of
information on ES-lignins[3], but very little information is available in the literature on this topic. In
addition, no result is available on the properties of ES-lignins obtained with fractional precipitation. In this
study, we extracted lignin from four different substrates (fir, oak, giant reed, Neptune grass) using ES and
microwave-assisted heating. Fractional antisolvent precipitation of the extracts was then performed and the
procedure was optimized. The different lignin fractions were characterized by analytical pyrolysis coupled
to GC/MS (Py-GC/MS) and evolved gas analysis by mass spectrometry (EGA-MS), to obtain information
about structure, purity and thermal stability. Semi-quantitative parameters were calculated from the
experimental results to evaluate the efficiency of the extraction method, and the properties of the resulting
lignin. This study highlights the ability of analytical pyrolysis-based techniques in providing in-depth
information on isolated lignins and provides a first report of the fractional antisolvent precipitation of ES-
lignin.
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Figure 1: Procedure for lignin extraction, fractional precipitation and characterization
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The conversion of industrial plastic waste into functional sorbent materials is a promising strategy for
sustainable water treatment. [1] In the framework of a collaboration with Medica SpA, we present the
conversion of hollow fibers scraps of polysulfone (PSU, Medisulfone ®) and PSU—-graphene oxide (PSU-
GO, Graphisulfone®) hollow fiber membranes into granular materials and their use as sorbent. [2,3]
Manual grinding of the production scraps was performed and the obtained granules were tested as sorbent
toward emerging and priority water contaminants, such as pharmaceuticals, perfluoroalkyl substances
(PFAS), and heavy metals.[4,5] Compared to granular activated carbon (GAC), PSU-GO granules
exhibited up to 10 times higher adsorption of lead (230 pg/g vs 21 pg/g) and about double the efficiency
for diclofenac (2400 pg/g vs 950 pg/g) and PFOA (6 pg/g vs 3 ng/g). The scale up production of the
granules was performed and the performance of PSU-GO granules was demonstrated under real tap flow
conditions for PFOA and lead, with validation ongoing at a real-scale potabilization plant (Hera,
Pontelagoscuro, FE). [6,7] Molecular dynamics simulations provided insight into adsorption mechanisms,
highlighting the key role of graphene oxide in enhancing performance, while surface-enhanced Raman
spectroscopy confirmed no graphene oxide release in treated water. Overall, these materials are highly
versatile, suitable for various environmental contexts, and easily scalable. Moreover, thanks to graphene
oxide, they can be chemically modified to further enhance adsorption capacity and selectivity toward
specific contaminants. 8]

Hot wire cutting process Scraps of PSU-GO PSU-GO granular sorbent

Figure 1: Conversion of industrial scraps into granular materials used as sorbent
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Hydrogen is a clean and sustainable vector for energy generation [1]. A variety of hydrogen carriers have
been proposed; among them urea, a major component of human/animal urine, is a safe and sustainable
chemical with a high hydrogen content [2]. Valorisation of urea-rich animal farm-waste, a non-critical
feedstock detrimental for soil and water, to green hydrogen, will contribute to decarbonise energy sector
while simultaneously mitigating environmental pollution.

Urea hydrolysis was carried out in liquid phase using different magnetic stirred batch reactor for reactor
optimisation. The reactor for urea hydrolysis included: 1) a basic reaction setup consisting of a three-necked
flask heated with an oil bath and equipped with a thermometer, a gas inlet tube for flush the system with
nitrogen and a reflux condenser connected to three traps in series for ammonia and isocyanic acid (the first
filled with water and the other two with HCI 1M); ii) a stainless steel autoclave reactor pressurized with
nitrogen and equipped with temperature and pressure indicators, as well as a valve for gas sampling and a
heating jacket; iii) five equivalent 4 mL vials, refrigerated with water, using an annular LED light source
with a monochromatic irradiation (A= 365 nm). Temperature, reaction time and catalyst loading were the
reaction parameters investigated. The concentrations of unreacted urea and heavy byproducts were
determined by HPLC equipped with a DAD detector using a reversed-phase column, ammonia and
isocyanic acid were quantified by UV-Vis analysis using the salicylate method, and of gaseous products
using a gas chromatograph equipped with a TCD detector.

Different reaction setups were used for the preliminary tests of urea hydrolysis carried out with and without
TiO2 as catalyst. Every system has its advantages and challenges; therefore, the limitations and advantages
of each system will be presented. The basic reaction setup is the simplest in operation and control but is not
gas-tight and the reproducibility of the catalyst suspension preparation is low, therefore this system was not
used for further investigations. The reactions carried out in the autoclave reactor and in the photoreactor
have improved reproducibility, but lower conversions compared with the former setup were obtained at the
same reaction conditions, because gaseous products were not continuously removed from the reaction
environment.

Finally, the parallel photoreactors ware used to investigate the catalytic steam reforming of urea using metal
catalysts supported on TiO,, with the reaction conditions previously optimized.
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Proton exchange membrane fuel cells (PEMFCs) are expected to play a pivotal role in the near future due
to their efficiency in utilizing hydrogen as fuel. In these devices, bipolar plates (BPs) represent one of the
major components in terms of both weight and cost. Among the different types of BPs, composite bipolar
plates made of a thermosetting polymers and synthetic graphite, ensure lightness, mechanical strength and
chemical stability. To reduce the environmental impact of these materials, it is necessary to limit or replace
synthetic graphite with a more sustainable carbon source. A promising candidate is biochar, derived from
biomass waste. In this project, we studied biochars obtained from five different biomass sources: apricot
shell, plum shell, cherry shell, defatted grape seeds, and olive pit powder, as conductive fillers in composite
materials. Biochars were produced by pyrolysis at 350 °C for 3 hours under a nitrogen flow. Proximate
composition and elemental analysis of the biochars revealed the formation of carbon-rich materials
characterized by a low H/C ratio, indicating their aromatic structure. FT-IR analysis confirmed the presence
of aromatic structures, heavily substituted with aliphatic side chains and functionalized with hydroxyl and
ether groups. Raman spectroscopy showed the formation of a significant amount of well-ordered graphitic
structures, especially in biochars derived from plum shell and olive pit powder. To evaluate the performance
of biochars as fillers for BPs, composite samples were prepared by replacing synthetic graphite with six
different loadings (ranging from 0 to 30 wt%). In-plane conductivity (IPC) values decreased progressively
with increasing biochar content in all formulations. However, all samples exhibited IPC values > 100 S/cm,
with plum shell biochar retaining the highest conductivity at 30 wt% (115 S/cm). Helium permeability
(HEP) was performed on composite samples, showing only a slight increase in permeability with higher
biochar loading.
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VRFBs are large-scale energy storage systems that currently use sulfuric acid as aqueous electrolyte for
vanadium redox couples, originating deep challenges related to waste management and recovery of the
metal ions. Such setup also frequently leads to cross contamination, poor thermal stability of the redox ions,
a potential window limited by water electrolysis and an overall low concentration (=1,5M) of the redox
species.] With the present work our aim is to substitute H,SOs with DESs, to both decrease the
environmental impact of the systems and increase the concentration of the vanadium species, to better the
performances of VRFBs in a non-acidic, biodegradable, non-toxic, non-inflammable medium. We tried
different DESs formulations, all with ChCl as HBA, and carboxylic acids, polyols or amides as HBD with
different ratios and variable water content; we also formulated some ternary mixtures (ChCl:Ethylene
glycol:Urea). We then proceeded solubilising VCl; starting from 2M up to 3M: the choice of VCI3 is related
to its reported solubility in ChCl, thanks to the shared Cl- atoms. The best performing compounds in terms
of viscosity, which was the main limiting factor, had either ethylene glycol, glycerol or propanediol as HBD,
as well as the ternary mixtuers. The only two formulations that were able to dissolve VCls 3M however
were ChCl:Ethylene glycol = 1:2 and ChCl:Propanediol = 1:6.

Preliminary evaluations with TGA validated the chance of working at temperatures up to 100°C without
any significant degradation in the DES, confirming the good thermal stability of the compounds and the
possibility of working at 60°C-70°C, to decrease the high viscosity of the electrolyte.

Cyclic voltammetries conducted with a three electrode setup on ChCl:propanediol=1:6 with VCI; 3M
between -2V and +0,5V at 60°C showed visible peaks related to the vanadium redox ions; the lower peak
is probably affected from the catalytic reaction with oxygen, suggesting that working in an atmosphere of
argon would be the best solution. The cyclic voltammetries overall showed the importance of decreasing
the viscosity of the compound to allow the ions movement and proved the abscence of any interference
between the electrolyte and the working electrode in graphite.
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As global demand for lithium-ion batteries rises—driven largely by the expansion of electric vehicles and
renewable energy storage—the need for sustainable and ethical sourcing of critical battery metals becomes
increasingly urgent. Recycling spent batteries to recover valuable elements such as lithium, cobalt, nickel,
and manganese helps reduce dependence on raw material extraction. This not only lowers the environmental
impact of mining but also relieves pressure on finite natural resources. Additionally, recycling strengthens
the supply chain by lowering risks associated with geopolitical and socio-economic challenges in metal
sourcing regions. Current recycling technologies for lithium-ion battery are still considered unsustainable
due to the usage of strong acids, toxic solvents, or high temperature treatments. To further enhance the
sustainability of battery recycling, innovative methods such as soft-leaching using environmentally friendly
solvents are gaining attention. In this context, we propose a novel recycling approach that utilizes green
solvents, like triethyl phosphate (TEP) and deep eutectic solvents (DES) to recover materials from real
lithium cobalt oxide (LCO) cathode scraps. The process was also evaluated through Life Cycle Assessment
(LCA) methodology to demonstrate that this method provides a scalable and more environmentally
sustainable pathway for metal recovery, reducing dependence on primary raw material extraction and
mitigating environmental impact.
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Lithium-ion batteries (LIBs) are widely recognized for their high energy density, long cycle life, and low
self-discharge rates, making them essential components in electric vehicles (EVs), portable electronics, and
renewable energy storage systems. The growing demand for LIBs has heightened the importance of
sustainable end-of-life management strategies, particularly the recovery and reuse of valuable metals such
as lithium, nickel, and manganese. Commercial LIBs typically contain complex mixtures of transition
metals, lithium salts, graphite, and organic electrolytes, presenting both a challenge and an opportunity for
efficient recycling. This study proposes a sustainable method for the selective recovery of transition metals
from spent LIBs using p-tert-octylphenoxyacetic acid (POAA) as a tailored precipitating agent. POAA was
synthesized and applied to leachate derived from LiNiMnO (LNMO)-based cathodes. Through pH-
controlled chemical precipitation, POAA enabled the selective extraction of Li, Ni, and Mn. The resulting
metal-POAA complexes were acid-treated to strip the metals, which were subsequently used to synthesize
Ni/Mn-based metal-organic frameworks (MOFs) via a solvothermal route. The MOFs were characterized
using SEM, UV—Vis, Raman, XRD, and FTIR, confirming successful metal coordination and framework
formation. The Ni-Mn MOF electrode exhibited promising electrochemical performance, delivering a
specific capacity of 20.7 mAh g at 1 A g in 3 M KOH, with 99.2% coulombic efficiency and 40%
capacity retention after 5,000 charge—discharge cycles at 5 A g™'. This approach offers an efficient and
circular strategy for LIB waste valorization, with future potential for lithium recovery and reintegration into
new battery production.

Acknowledgements
This research was enabled by the Bilateral project between NRF, South African and Italy (ISARP) (Grant
number 2204072535).

53



WASTE-ENERGY-WATER NEXUS: MATERIALS & PROCESSES (WEW-ICS25)

Tayloring porosity of activated biochar for energy storage applications

Pontiroli D.!, Rinaldi A.', Ahmad N.!, Magnani G.!, Sidoli M.!, Milanese C.2, Ricco M.!

!Universita di Parma, Dipartimento di Scienze Matematiche, Fisiche e Informatiche and INSTM 43124-Parma, Italy
2Universita di Pavia, Dipartimento di Chimica, 27100-Pavia, Italy

daniele.pontiroli@unipr.it

The rising global need for energy storage, stimulated by the fast growth of renewable energy to replace
fossil fuels, has triggered interest in developing affordable, eco-friendly materials for batteries and
supercapacitors. Organic and agrifood waste, abundant and renewable, offer a promising route for
producing cost-free porous carbon through pyrolysis/pyrogasification. This process not only efficiently
disposes of hard-to-remove waste and utilizes biomass for green energy production in biomass powerplants,
but also produces biochar, a carbon-negative byproduct. Biochar, an economical active carbon source, is
ideal for further energy storage applications.

In this study, we explored the use of some organic waste from the Italian economy as a new source for
creating highly porous activated carbon, aimed primarily for use in energy storage as electrodes in
supercapacitors and sodium-ion batteries. We produced biochar by pyrolyzing or hydrothermally
carbonizing various agricultural and farm wastes, including rice bran, melon and pumpkin skins, corn cobs,
and poultry litter [1]. Subsequently, we tailored the biochar's porosity through various activation methods
to optimize it for specific applications [2]. For instance, we achieved significant microporosity using
chemical activation (e.g., KOH, ZnCl,) at high temperatures under an argon atmosphere. The super-
activated biochars produced this way proved to be outstanding active materials for symmetric
supercapacitors, eliminating the need for additional conducting agents. The inclusion of heteroatoms like
S, P, and N enhanced the electrode wettability and overall capacitance (through pseudocapacitance), while
uniformly sized nanometer-scale pores broadened the electrochemical range typically seen with aqueous
electrolytes. For battery use, however, excessive open micro- and mesoporosity was avoided to prevent
large solid-electrolyte interphase (SEI) formation and high initial irreversible capacity [3]. Instead, biochar
electrodes were created through high-temperature thermal annealing above 1000°C, fostering the
development of a porous structure with closely packed pores and disordered pseudo-graphitic areas. These
materials have shown promise as negative electrodes in sodium-ion batteries.
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The escalating pollution caused by agro-industrial wastewater is an alarming environmental threat. Apart
from the obvious water wastage, valuable nutrients within are also lost [1]. The wastewater treatment sector
and that of fertilizers’ production account for over 3% and 1.2% of world’s energy [2]. Moreover, fertilizer
costs are continually growing as they are related to the energy cost and population growth. This represents
a significant economic damage to companies in the sector. The agro-industrial wastewater treatment market
is witnessing a surge in interest towards efficient and sustainable technologies. In fact, technological
innovation and the embrace of eco-friendly solutions are driving industry transformation.

In this context, the mission of VisioNing is simple but ambitious: transforming wastewater from a problem
to a resource with 100% circularity and sustainability. VisioNing was conceived after a meticulous
examination of the challenges in wastewater treatment. Combining bioelectrochemical and photocatalytic
technologies powered by solar energy, our process not only purifies water but also recovers and reuses the
nutrients it contains. While numerous wastewater treatment solutions exist, our combined technology offers
dual benefits: energy efficiency and recyclability. This empowers us to position ourselves as frontrunners
in sustainability and innovation, ensuring a 30% reduction in operational costs compared to traditional
systems.

Having conducted in-depth research and developed prototypes at the University of Milan, we have now
refined an operational and highly efficient model. A pilot test was conducted with several companies in
Lombardy, financed by the "Farming Future" investment fund of CDP Venture Capital SGR and ToSeed &

Partners, confirming the preliminary results in terms of nutrients recovery and water purification.
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Figure 1: VisioNing pilot plant: from manual to automatic & remote-controlled version
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Multi-step cathodic electrodeposition was used to fabricate Co/Ni-MOF electrodes on carbon cloth (CC)
from a mixed solution of NMC-333 leach and 2-methylimidale organic linker. The large overpotential in
earlier steps are due to rapid nucleation resulting in a stronger adhesion of electrode material to the CC,
while the low overpotential in later stages cause progressive layer formation and crystallisation increasing
porosity and ion diffusion. The optimisation of pH controls H2 evolution and adherence to the substrate,
this affects porosity and morphology. Different Co/Ni-MOF-pH=a electrodes were synthesized by varying
the pH value, a. The electrode: Co/Ni-MOF-pH=3, with aggregated flower-like morphology resulted in
great electrochemical performance with a specific capacity of 102 mAh g-1 at 1 Ag-1in 6 M KOH in a 3-
electrode set-up and excellent stability with a capacity retention of 81 % after 5,000 GCD cycles at 5A g™
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Global warming is becoming an urgent and concrete emergency, with the average global temperature in
2024 exceeding, for the first time, 1.5°C above pre-industrial levels [1]. In this context, the transition to
clean energy sources alone is not sufficient; it is also essential to carefully assess the impact of the entire
production chain associated with the energy transition. Some materials commonly used in the fabrication
of energy storage devices are scarce and their extraction has a significant environmental impact. Production
processes must also be considered to minimize energy consumption and economic costs, to keep prices low
and facilitate the widespread adoption of clean energy technologies.

Here, the use of carbon nanoparticles synthesized from readily available precursors under mild reaction
conditions as additives in methylammonium lead iodide (MAPbIs)-based solar cells. These carbon
nanomaterials were synthesized from citric acid with L-tryptophan added as a nitrogen doping source. The
synthesis was carried out at 200°C under atmospheric pressure without solvents, and the carbon
nanoparticles were used as-synthesized, without any purification steps, in the solar cells. An improvement
in the solar cell performance was observed, depending on the amount of L-tryptophan used, indicating that
nitrogen doping significantly modulates the properties of the carbon nanoparticles.
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The growing demand for critical raw materials in energy storage technologies, particularly for cathodic
materials, highlights the importance of sustainable metal recycling and upcycling strategies. In this context,
a cobalt recovery process based on deep eutectic solvents (DESs) enables the extraction of cobalt from real
LIB LCO cathode waste in the form of cobalt hydroxide, Co(OH)..1 To valorize the recovered material,
Co(OH): is first converted into cobalt nitrate, Co(NOs), via controlled reaction with nitric acid, then reacted
with organic ligands to yield Co-based coordination polymers with potential cathodic activity. In this work,
we report the synthesis and structural characterization of two cobalt-based coordination polymers
employing 4-aminocinnamic acid (4-ACAH) as organic linker. Under pH-controlled aqueous conditions,
Co(NO:s)2 reacts with two equivalents of 4-ACA-, previously deprotonated with NaOH, to form both Co**
centered one-dimensional (1D) linear chain polymer or a two-dimensional (2D) sheet-like layered
framework, depending on hydration state. The materials were characterized by single-crystal and powder
X-ray diffraction, and thermogravimetric analysis, confirming their hydration states and phase coherence.
These findings establish a direct connection between recycled cobalt and the preparation of structurally
defined coordination polymers. These findings establish a direct connection between recycled cobalt and
the preparation of structurally defined coordination polymers.
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The widespread use of personal care products (PCPs) has led to the release of emerging organic
contaminants such as parabens into aquatic environments. Methylparaben (MP), one of the most common
preservatives, can enter seawater through wastewater discharge and recreational activities, posing potential
risks to marine ecosystems [1]. In this study, a novel electrochemical sensor was developed based on screen-
printed electrodes (SPE) modified with a composite of lanthanum ferrite (LaFeOs) perovskite and biochar
obtained from sewage sludge pyrolysis. The sewage sludge, as a biomass waste, was pyrolyzed at 800 °C
under nitrogen atmosphere both in the absence and in the presence of molten salt (Na2CO3/K.COs, 1:1 w/w).
The biochar synthesized in the presence of molten salt exhibited significantly improved textural and
electrocatalytic properties compared to the biochar obtained without molten salt activation. The enhanced
performance is attributed to the molten salt's role in promoting a more porous carbon structure, better
conductivity, and increased active sites on the biochar surface.The combination of LaFeOs perovskite and
molten salt-activated biochar provided synergistic effects, greatly enhancing the electrode's catalytic
activity toward the oxidation of MP. Electrochemical measurements were carried out in Britton-Robinson
buffer at pH 7 using cyclic voltammetry (CV) and differential pulse voltammetry (DPV), demonstrating
excellent sensitivity, stability, and reproducibility for MP detection (Figure 1). The developed sensor was
successfully applied for the determination of methylparaben in real seawater samples, indicating its
potential for practical environmental monitoring applications. This approach not only contributes to the
valorization of sewage sludge waste into high-performance electrochemical materials but also offers a
sustainable and cost-effective strategy aligned with circular economy principles.
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Figure 1: (4) DPV of MP (40 uM) at various electrode surfaces, (B) CV at bare and modified SPE; scan rate: 100 mV/s; both in
BR buffer (pH 7.0).
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On the website of the European Commission is reported: “Raw materials are crucial to Europe’s economy.
They form a strong industrial base, producing a broad range of goods and applications used in everyday
life and modern technologies. Reliable and unhindered access to certain raw materials is a growing concern
within the EU and across the globe. To address this challenge, the European Commission has created a list
of critical raw materials (CRMs) for the EU, which is subject to a regular review and update. CRMs combine
raw materials of high importance to the EU economy and of high risk associated with their supply [1].” In
the list of the critical raw materials are included Cobalt, Nickel and Lithium. These metals are essential
components of the Lithium-ion batteries (LIBs). This family of batteries are spread world wide, for this
reason in the last few years the attention of scientific community is focused on the recycling of the spent
LIBs in order to extract the CRMs and use them for the development of second life batteries. The methods
used until now for the extraction of metals from the spent batteries involve hydrometallurgy and
pyrometallurgy which are high energy-consuming approaches[2]. In the last few years the approach to the
extraction of these metals is shifting towards more sustainable methods. A good option that is gaining
ground is to recover metals from cathodes via Deep Eutectic Solvents (DES). The use of DES in metals
recovery processes has several advantages, for example the solvent can be formed by green, non-toxic and
very cheap components, the operating conditions are milder than those used in pyrometallurgy and
hydrometallurgy and in some cases the same deep eutectic solvent might be used for several subsequent
extractions[3][4]. As a task of the RENOVATE WP4 “CAM (Cathodic Active Materials) recovery:
solvometallurgy and direct recycling” in this study we present a novel three-component deep eutectic
solvent (DES) composed by Choline chloride : Lactic acid : Urea for the recovery of Li, Ni and Co from
End of Life (EOL) batteries via Microwave Assisted Extractions (MAE). The ternal DES composition and
the parameters of the microwave extractions procedure are optimized through the Design of Experiments
(DoE) performing a mixture-process design. The metals extracted by the DES are precipitated,
characterized and used to assemble second life CAM which preliminary electrochemical performances are
compared to those of the commercial cathodic active materials.
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