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Advanced Materials for Sustainability: (i) Bio-based Materials: 
Research focuses on developing biodegradable, bio-sourced 
polymers from waste or biomass to reduce oil dependence. 
(ii) Smart Materials: New materials are engineered for improved 
catalysis, enabling efficient energy conversion and environmental 
remediation. (iii) Circular Economy: Materials are designed for 
reuse and recycling, aiming to minimize raw material extraction

Sustainable Electrochemistry . (i) Energy Storage: Advancements in 
batteries and electrochemical devices are crucial for storing 
renewable energy, with researchers tailoring electrode materials for 
higher energy densities. (ii)  Environmental Remediation: 
Techniques like electrocoagulation, electrooxidation, and 
electroreduction are used to treat wastewater, purify water, and 
degrade pollutants. . (iii) Carbon Management: Electrochemical 
methods are employed for carbon dioxide reduction, helping to 
reduce greenhouse gases. . (iv) Electrocatalysis: Development of 
non-toxic catalysts is key to driving green chemical manufacturing 
and efficient renewable energy storage. The integration of these 
fields is crucial for tackling global challenges like water scarcity, 
climate change, and resource shortages.
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Environmental sustainability is being advanced through the intersection of materials chemistry, and electrochemistry, 
focusing on decarbonization, waste reduction, and renewable energy

Key approaches include developing eco-friendly materials, employing green chemistry to minimize hazards, and utilizing 
electrochemical processes for energy storage, carbon capture, and water purification
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Renewable Energy Storage & 
Conversion:
(i) Advanced Batteries: Materials 
chemistry drives the development of 
high-capacity, safe, and abundant 
electrode materials (e.g., sodium-ion, 
solid-state batteries) to replace 
conventional lithium-ion, improving 
energy storage for solar and wind power.
(ii) Fuel Cells & Electrolyzers: 
Electrochemistry enables the production 
of green hydrogen from water splitting 
and the conversion of chemical energy 
into electricity, crucial for decarbonizing 
transportation and industry.

Materials chemistry, electrochemistry and their contribution to solving global environmental challenges

Materials chemistry and electrochemistry are foundational to modern sustainability efforts, providing the tools to develop clean energy, manage waste, and 
remediate pollution. By designing novel materials at the molecular level and utilizing electron transfer processes, these disciplines create "green" chemical 
synthesis, effective energy storage, and innovative environmental monitoring. 

Key Contributions to Global Environmental Challenges:

Carbon Capture and 
Utilization (CCU):

 Electrochemical 
reduction technologies 
are being designed to 
capture CO2 and 
convert it directly into 
valuable chemicals and 
fuels, reducing 
greenhouse gas 
emissions.

Water Treatment and Environmental 
Remediation:
(i) Advanced Oxidation Processes 
(AOPs): Electrochemical methods like 
electrocoagulation and electrooxidation 
are used to destroy organic pollutants, 
pharmaceuticals, and microplastics in 
wastewater without adding harsh 
chemical agents.
(ii) Resource Recovery: Electrochemistry 
allows for the recovery of valuable 
metals from electronic waste (e-waste) 
and wastewater streams (e.g., heavy 
metal removal), supporting a circular 
economy.

Green Chemical 
Manufacturing:
(i) Sustainable Materials: 
Design of non-toxic, 
biodegradable materials (e.g., 
bio-based plastics) reduces 
reliance on fossil fuels.
(ii) Electro-synthesis: Using 
electrons as clean, low-cost 
reagents replaces traditional 
toxic reducing or oxidizing 
agents, lowering waste 
generation and energetic 
costs.

Real-time Environmental 
Monitoring:

Electrochemical Sensors: 
Portable devices provide 
real-time detection of air 
and water pollutants, 
enabling rapid 
identification of 
contamination sources 
and effective 
environmental monitoring. 

Through the synthesis of advanced catalysts and electrode materials, these fields ensure technology translation from lab-scale to industrial eco-friendly 
applications, actively contributing to United Nations Sustainable Development Goals





Scientific Sessions 
Achieving a circular economy and mitigating 

climate change: Key Aspects of Sustainable 

Catalysis and CO2 Conversion

Sustainable catalysis and renewable energy 

production: Towards a circular economy and 

climate change mitigation

Achieving a circular economy and mitigating 

climate change: Sustainable Catalysis 

Approaches in Water Treatment

Sustainable catalysis and Biomass conversion: 

Towards a circular economy and climate 

change mitigation

The global energy crisis: The shift towards 

renewable energy and storage solutions as a 

sustainable strategic option

Materials Chemistry and Electrochemistry for 

Bioenergy & Environmental Sustainability

Green Hydrogen Production by Dissociating 

Water Using Solar Energy and Catalysts: The 

Role of Catalysts and Materials

Carbon nanomaterials for electrochemical 

sensing of pollutants in water and soils sources

Biopolymers and their derivatives: Key components 

of advanced environmental technologies

Electrochemical exfoliation as a promising approach 

for producing high-quality graphene: Recent 

advances in energy-related and sensing applications

Waste management and climate change 

mitigation: the potential role of Digitalisation in 

the implementation of the circular economy

Advancement in hybrid energy systems (HRES) 

based on biomass, solar, wind, and hydrogen
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Sustainable Catalysis 

& CO2 Conversion

Sustainable Catalysis 

& Renewable Energy 

Production

Sustainable Catalysis 

& Renewable Energy 

Production

Sustainable Catalysis 

& water purification

Sustainable catalysis enables a circular economy by using efficient, green catalysts (e.g., 

MOFs, enzymes) to convert CO2, biomass, and pollutants into valuable fuels and chemicals, 

minimizing waste and energy consumption. These advances are crucial for low-carbon 

industrial processes, renewable energy production, and efficient water purification. Sustainable Catalysis & CO2 Conversion
Technologies: Catalytic reduction processes are being 
developed to turn CO2 into valuable chemicals like methanol, 
formic acid, CH4, and ethylene.
Approaches: Research focuses on photo-, electro-, and 
plasma-catalysis to convert CO2 using renewable electricity, 
aiming for high selectivity and low energy consumption.
Challenges: Key hurdles include improving the energy 
efficiency of electrocatalytic CO2 reduction and increasing the 
selectivity towards specific, high-value products. 

Sustainable Catalysis & Renewable Energy Production 
Hydrogen Production: Catalysts are essential for breaking 
down water molecules into clean hydrogen, supporting fuel 
cell technologies.
Innovative Materials: Development of non-precious metal 
catalysts (e.g., nickel or cobalt alloys) and biochar-based 
catalysts provides cheaper alternatives to noble metals for 
energy conversion.
Application: These materials improve water splitting, fuel 
cells, and photocatalytic systems, accelerating the transition 
to sustainable, cleaner energy sources. 

Sustainable Catalysis & Renewable Energy Production 
Hydrogen Production: Catalysts are essential for breaking 
down water molecules into clean hydrogen, supporting fuel 
cell technologies.
Innovative Materials: Development of non-precious metal 
catalysts (e.g., nickel or cobalt alloys) and biochar-based 
catalysts provides cheaper alternatives to noble metals for 
energy conversion.
Application: These materials improve water splitting, fuel cells, 
and photocatalytic systems, accelerating the transition to 
sustainable, cleaner energy sources. 

Sustainable Catalysis & Water Treatment
Environmental Remediation: Sustainable catalysts are used 
to degrade environmental pollutants in water, improving 
water quality through catalytic oxidation processes.
Waste-to-Resource: Biowastes (agricultural residues) are 
being converted into functional materials that serve as 
catalysts, reducing costs and promoting a circular economy.
Efficiency: These systems are designed to operate under 
mild conditions, making the removal of organic pollutants 
from water more environmentally friendly.
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Resource Valorization: Technologies 
such as anaerobic digestion and 
thermal methods generate energy, 
while catalytic treatment allows for 
nutrient recovery from wastewater.
Reduced Carbon Footprint: Sustainable 
catalysts often operate under milder 
conditions, reducing the energy-
intensive nature of traditional water 
treatment.
Waste Valorization: Converting 
biowastes and industrial by-products 
into catalysts for water treatment 
reduces waste disposal pressures and 
supports "waste-to-resource" 
initiatives.
Efficient Pollutant Removal: Catalytic 
processes enable the efficient 
degradation of refractory organic 
pollutants (e.g., antibiotics) and the 
removal of emerging contaminants. 

Stability and Reusability: 
Ensuring that catalysts remain 
active over many cycles is 
crucial for economic feasibility.
Scalability: Translating 
laboratory-scale results to large-
scale wastewater treatment 
plants requires overcoming 
logistical hurdles.
Life Cycle Analysis: Future 
research needs to prioritize the 
environmental impact of 
catalyst production, ensuring 
that "green" catalysts do not 
cause excessive land use.
Cost Efficiency: Using earth-
abundant materials (like iron-
based catalysts) is essential to 
replace precious metals and 
reduce 

Biowaste-Derived Catalysts: Agricultural residues, 
food waste, and biomass are converted via 
pyrolysis or hydrothermal carbonization into 
efficient catalysts (e.g., biochar) that remove heavy 
metals and emerging pollutants.
Heterogeneous Catalysts in AOPs: Advanced 
Oxidation Processes (AOPs), such as 
photocatalysis, Fenton-like reactions, and 
persulfate activation, use solid catalysts that are 
easier to separate and reuse than liquid ones, 
reducing secondary pollution.
Catalytic Ozonation/Reduction: Heterogeneous 
catalytic reduction converts toxic inorganic 
compounds into non-toxic ones using renewable 
hydrogen, while catalytic ozonation increases the 
efficiency of organic pollutant degradation.
Catalyst Immobilization on Membranes: Catalysts 
integrated into membranes (membrane 
bioreactors) increase fouling resistance, improving 
membrane longevity and reducing the need for 
chemical cleaning. 

Challenges and Future 
Directions

Circular Economy and Climate 
Mitigation Benefits

Materials science for sustainability

Key Sustainable Catalysis 
Approaches

Sustainable materials innovations and novel technologies for clean energy generation
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E-fuel (synthetic fuel) production: This is the most mature pathway, 
particularly the conversion of CO2 with low-carbon hydrogen to produce 
methanol or hydrocarbons
Solar reactor: Researchers are developing solar flux reactors capable of 
directly converting CO2 into fuels (diesel, methanol) without using fossil fuels.
Plasma discharge: Using plasma technology to convert CO2 into carbon 
monoxide (CO2), which can then be used to produce syngas.
Industrial applications: The transformation into high-value molecules finds 
applications in cosmetics or the synthesis of active pharmaceutical 
ingredients.

Integrated Carbon Capture and Utilization (ICCU): A major advancement involves 
combining CO2 capture and conversion in a single reactor, eliminating energy-
intensive steps such as solvent regeneration.
New Catalysts: Research is underway to develop high-activity, low-cost catalysts 
using non-rare metals (iron, cobalt) to make the process more economical.
Artificial Photosynthesis: Biological pathways are being explored to shorten value 
chains by 2040-2050.

Energy Efficiency: The main challenge remains the energy required for carbon 
capture and conversion, necessitating coupling with renewable energy sources.
Costs and Scale: Scaling up to industrial production requires reducing operating 
costs and increasing the durability of catalysts.
Regulatory Context (2026): In Europe, the Carbon Border Adjustment 
Mechanism (CBAM) and rising carbon quota prices are making CO2 capture and 
utilization increasingly competitive. S
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Carbon capture and Utilization (CCU), the 
conversion of carbon dioxide (CO2) into 
value-added products, has indeed become 
a major research focus, transforming an 
atmospheric pollutant into a valuable 
resource, thus addressing the climate 
emergency. This approach is crucial for 
achieving carbon neutrality goals, 
particularly for sectors that are difficult to 
decarbonize, such as air and maritime 
transport. 
Here are the most recent research areas 
and technological advances (2025-2026):

In summary, the research focuses on catalyst 
efficiency, reducing energy requirements, and 
integrating processes to scale up from pilot to 
industrial production by 2030.

1. Conversion and 
Valorization Technologies

3. Challenges and 
Perspectives

2. Scientific Innovations 
and Integration (2026)

v

Converting carbon dioxide (CO2) into 
value-added products: sustainable 
solutions to the problem of climate 
change
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