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Preface
Resource efficiency and the circular economy are essential concepts for sustainable development. They aim to optimize the use of natural resources, minimize waste, and promote recycling and reuse. By decoupling economic growth from resource consumption, these approaches reduce environmental impacts and support long-term economic and ecological resilience.
The present book covers the contributions to the scientific conference “Innovative Solutions for Resource Efficiency and Circular Economy”, organized within the framework of the project Investment C2I2: Increasing the Innovation Capacity of the Bulgarian Academy of Sciences in the Field of Green and Digital Technologies, financed under the National Recovery and Resilience Plan of the Republic of Bulgaria.
This conference represents an important platform for the exchange of scientific achievements, innovative ideas, and technological solutions in support of the national and European objectives for sustainable development, efficient use of resources, and transition toward a circular economy. The event brings together representatives of the academic community, research institutions, and industry to discuss current challenges and opportunities related to green and digital transformation.
The thematic scope of the presentations reflects the broad scientific potential of the Bulgarian Academy of Sciences and its partners in addressing key areas such as:
· sustainable recycling and reuse of critical and strategic raw materials,
· innovative methods for CO₂ capture and storage,
· valorization of industrial and agricultural waste,
· development of advanced materials and nanotechnologies,
· renewable energy systems and energy storage solutions, and
· environmentally friendly approaches in biotechnology and agriculture.
The diversity of topics and approaches presented in this volume demonstrates the interdisciplinary nature of modern scientific research and the commitment of Bulgarian scientists to developing innovative, applicable, and sustainable solutions. These studies reflect the Bulgarian Academy of Sciences’ active role in supporting the country’s transition to a competitive, low-carbon, and circular economy in alignment with the European Green Deal.
The Organizing Committee expresses sincere gratitude to all authors and participants for their contributions and support. Their dedication and scientific rigor have ensured the high quality and relevance of this collection.
Organizing Committee
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CRITICAL AND STRATEGIC RAW MATERIALS: SUSTAINABLE RECYCLING AND REUSE OF REE-CONTAINING PERMANENT MAGNETS 

Zara Cherkezova-Zheleva1, Daniela Paneva1, Anna Vasileva1, Kaloyan Ivanov1, Radu Robert Piticescu2, Setareh Gorji Ghalamestani3, Guido Heunen3, Olivier Jay4
1Institute of Catalysis, Bulgarian Academy of Sciences, 
Acad. G. Bonchev St., Bldg. 11, 1113 Sofia, Bulgaria, 
2National Research and Development Institute for Nonferrous and Rare Metals-IMNR, 
102 Biruntei Blvd, Pantelimon, Ilfov, Romania, 
3SIRRIS, rue du bois Saint-Jean 12, BE-4102 Seraign, Belgium/Wallonia, 
4FADDTORY SPRL, rue Albert 1er, nr42, 5380 FERNELMONT, Belgium/Wallonia, 
zzhel@ic.bas.bg

Critical and strategic raw materials play a vital role in modern technologies, improvement of the quality of life, and the Green transition initiative. Critical Raw Materials (CRMs) combine high importance to the EU economy and high supply risk. Strategic Raw Materials (SRM) are vital resources for various industries due to their unique properties and challenge to be replaced. SRMs will help make Europe more independent in strategic sectors such as renewable energy, e-mobility, space and defense. Now, the EU strategy is focused on production of these materials by new mining and recycling approaches, their efficient use and reuse, making them a priority area in the EU circular economy action plan. Rare earth elements (REE) are classified as the most critical materials in both CRM and SRM groups, due to their unique magnetic, catalytic and optical properties. Their importance continuously increases on a global level as REEs are currently irreplaceable in production of permanent magnets. 
The aim of our investigation is elaboration of protocols for more rational treatment of End-of-Life (EoL) permanent magnets via preparation of standardized batches of Fe-Nd-B-containing materials. The performed laboratory experiments revealed the possibilities for design of mechanochemical reactions toward environmentally friendly, sustainable and economical recycling and reuse of these materials. The study includes multidisciplinary analysis of samples based on detailed characterisation using XRD, Moessbauer spectroscopy, Electron Microscopy and thermal analysis. Special attention is paid to follow the multidirectional processes that take place during material processing toward development of scientific foundations of mechanochemistry and selection of scalable mechanochemical reactions with potential application in practice. 
Keywords: Critical and strategic raw materials, Mechanochemistry, Rare earth elements 
Acknowledgements: This article is based on project activities of H2020 ERA-MIN3 № КП-06-ДО02-3/06/06/2022: Microwave enhanced recovery of REEs and plastic from WEEE and re-use in Additive Manufacturing of novel magnetic components (MW4REMAM). Research equipment of the project № BG16RFPR002-1.014-0006 "National Centre of Excellence Mechatronics and Clean Technologies" was used for experimental work financially supported by European Regional Development Fund under "Research Innovation and Digitization for Smart Transformation" program 2021-2027.
PRELIMINARY DATA FROM COMBINING SPECTROSCOPY AND ELECTRICAL METHODS IN CRITICAL RAW MATERIAL EXPLORATION IN THE BUREL METALOGENIC FIELD IN BULGARIA

Marlena Yaneva1, Kamelia Marinova1,2, Alexandar Radulov1, Stefka Pristavova1,2, Kalin Ruskov2, Yordanka Donkova1, Milen Stavrev1, Hristiana Georgieva1
1Geological Institute, Bulgarian Academy of Sciences, Acad. G. Bonchev Str., bl. 24, 1113 Sofia, Bulgaria
2University of Mining and Geology St. Ivan Rilski, 1 Prof. Boyan Kamenov str., Studentski Grad, 1700 Sofia, Bulgaria
marlena@geology.bas.bg


The CleanExplore project (Investment No BG-RRP-2.017-0035), funded under Bulgaria’s Recovery and Resilience Plan, implemented under the procedure “Financing of Research Projects in the Field of Green and Digital Technologies – 2.”, integrates petrological, geochemical and geophysical methods to delineate prospective critical raw material deposits. We tested the combined application of X-ray fluorescence (XRF) spectroscopy and geophysical survey, hypothesizing that the complementarity between both methods enhances exploration efficiency and environmental sustainability while reducing costs. Both methods are non-destructive and comply with the “do no significant harm” principle.
Geophysical surveys at six sites of different geological environments across the country employed measurements of electrical resistivity and induced polarization along profiles. Geochemical analyses and transmitted-light optical studies were performed on rock samples, which we collected along the geophysical profiles. Here, we present the first data of the survey in the Radulovtsi volcanic centre from the Burel metalogenic field in Western Sredna Gora Mountains, serving as a case study. At that site, we measured a 160-m-long geophysical profile and performed parallel XRF analyses on surface rock samples from hydrothermally altered subvolcanic rocks in which elevated copper concentrations were detected. Measured values from geochemical and geophysical profiling were afterward correlated.
Copper content and resistivity values exhibit a consistent variation pattern, reflecting a secondary geochemical halo. A regression relationship was established between resistivity and copper content, while induced polarization showed a similar but weaker correlation.
The results demonstrate that integrating geophysical and geochemical approaches provides good data comparability and can reliably track secondary geochemical halos related to copper mineralization. This combined methodology shows strong potential for environmentally responsible and cost-effective exploration of critical raw materials in Bulgaria.
Keywords: critical raw materials, geophysical methods; field X-ray fluorescence (XRF)
Acknowledgements. This study has been performed with the financial assistance of the European Union–NextGenerationEU.
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Industrialized societies heavily exploit the Earth’s energy and raw material resources in order to sustain and continuously improve their standard of living. This intensive consumption has led to severe environmental challenges, most notably climate change and air pollution driven by processes that are directly related to significant greenhouse gas (GHG) emissions. Addressing these issues requires the development of carbon-free or low-carbon technologies that minimize its release in the atmosphere and follow circular economy principles by reusing or upcycling waste materials. Both the scientific community and policy-makers have increasingly emphasized the urgency of this transition, with strategic frameworks such as the European Green Deal, which aims to achieve net-zero GHG emissions in the EU by 2050. In this context, CO₂ adsorption on nanoporous materials has emerged as a promising approach for its mitigation and has been extensively investigated in recent years. 
In our work, we developed porous adsorbents derived from waste materials originating from agriculture and the power industry. Specifically, mesoporous silicas and zeolites were synthesized from rice husks, biomass residues, and coal/biomass fly ash. Two synthesis approaches were applied for mesoporous silica: (i) a sol–gel process assisted by organic acids at 60 °C, and (ii) preparation from rice husks after citric acid treatment at 50 °C. Subsequent modification of the silica matrices with piperazines was achieved by a two-step post-synthesis procedure. Additionally, zeolites NaX and mordenite were successfully synthesized by using rice husks and biomass/coal fly ash, and no organic agents. The obtained porous materials demonstrated high CO₂ capture capacity and favorable regeneration characteristics. Total CO₂ desorption was achieved at relatively low temperatures: 60 °C for piperazine-modified mesoporous silicas and 100 °C for the zeolite-based materials. Importantly, no leaching of active adsorption sites was observed even after four consecutive adsorption–desorption cycles, confirming their structural stability and reusability.
The combination of high CO₂ uptake, low regeneration temperatures, and the straightforward, waste-derived synthesis routes underlines the potential of these materials as next-generation CO₂ capture adsorbents, contributing both to sustainable resource utilization and to global climate change mitigation efforts.
Keywords: waste valorization, fly ash, rice husks, CO2 capture
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RESEARCH INTO THE TECTONIC SETTING FOR OPTIMAL DESIGN OF CARBON CAPTURE AND STORAGE IN NORTHWEST BULGARIA
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Geological Institute, Bulgarian Academy of Sciences,
Acad. G. Bonchev Str., bl. 24, 1113 Sofia
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Geological carbon storage technology involves fluid injection into porous rock underground. The pore pressure buildup due to CO2 injection changes the stress field and may cause leakage of the injected CO2 and induced seismicity. Faults in the vicinity of CO2 storage site are of particular interest for design and operation, especially with regard to the geotechnical hazards. The steady thick sequence of subhorizontal sedimentary layers in the platform part of northwest Bulgaria provides favorable conditions for prospective CO2 storage site, such as the Getica CCS Demonstration Project in the same tectonic unit in Romania. The Devene fault system bounds the platform from the south and represents the longest tectonic discontinuity that could affect the efficiency and safety of a potential storage site. The design of carbon capture and storage should take into consideration how the fault segments are arranged, how the fault plane is oriented in space, how the fault blocks move relative to each other, what is the earthquake potential, did large earthquakes occur in geologically recent time. Within the framework of The Role of the Devene Fault for Safe and Efficient Geological Carbon Storage Project, we study the Devene fault system to assess the fault parameters and answer the questions that are necessary for the design of CO2 storage site. Our current studies on tectonic geomorphology employing shallow geophysical methods suggest that the fault trace is a fault line, i.e., an old fault zone that has been exhumed on the ground surface. In geophysical surveys across the fault line at six sites, we found no evidence of fault ruptures in fluvial and loess deposits of a Quaternary age. The fault system consists of two overstepping fault segments that dip at a high angle to the south. At some places along the eastern fault segment, we observed fault planes dipping to the north. The ongoing strain rate field from satellite geodesy indicates a left-lateral strike-slip motion. The sizes of fault segments and absence of evidence for ground ruptures or displaced landforms suggest a low fault slip rate, which is not detectable on the ground surface, or tectonic displacement distributed in a broad zone due to deep fault top. Moreover, it appears that the earthquakes on the Devene fault are smaller than the magnitudes assumed in European and global databases.
 Keywords: carbon capture and storage, earthquake geology, active faults
Acknowledgements: This study has been performed with the financial assistance of the European Union–NextGenerationEU. All responsibility for the content of this paper is borne by the authors, and the views expressed herein can in no way be taken to reflect the official opinion of the European Union and the Bulgarian Academy of Sciences.



AURUBIS BULGARIA – DRIVING SUSTAINABLE GROWTH
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The Aurubis group is one of the leading multi-metal producers active in more than 20 countries with production sites in Europe and USA. It is the largest copper producer in Europe and largest copper recycler in the world focused on closing the circular economy loop. The company owns the most sustainable and environment friendly network of smelters with carbon neutrality target before 2050. Its divisions of multimetal recycling and custom smelting & products use mining concentrates, scrap, and other recycling materials to produce copper cathodes, base metals, precious metals, sulphuric acid, as well as rods, shapes, and other products.
Aurubis’ integrated business model is “closing the loop” of metal production, by recycling and further processing of primary and secondary materials. Aurubis Bulgaria is a leading European producer of cathode copper (Pirdop brand), anodes, and co-products (H2SO4, and iron silicate). It is the country’s main international trader: 7.3 % of exports, 4.4 % of imports (2023); main employer and social partner in the region of Srednogorie. Aurubis Bulgaria is in top 3 largest companies of Bulgaria by annual revenues: EUR 3.56 B (2023, second place) EUR 4.01 B (2022, first place).
Within its 67-years history, the company has established world-class technological know-how combined with strong local copper production traditions. Located in an EU member-state it is serving as a gateway to Asia and Africa with close links to Aurubis Group smelter network. Our plans for growth in Bulgaria are a key focus in Aurubis Group investment strategy.

Keywords: Aurubis Bulgaria, sustainable growth, metal production, copper smelting, metal recycling, carbon neutrality


TERMALLY STIMULATED SHAPE MEMORY FILAMENT MADE OF BIODEGRADABLE POLYMERS AND GRAPHENE FOR 4D PRINTING

Rumiana Kotsilkova, Evgeni Ivanov, Vladimir Georgiev, Todor Batakliev
Institute of Mechanics, Bulgarian Academy of Sciences Akad. G. Bonchev Street, Block 4, 1113 Sofia, Bulgaria
kotsilkova@yahoo.com ; kotsilkova@imbm.bas.bg

New technology for 4D-printing is the next generation of additive manufacturing, which adds unique functions to 3D printed architectures under the influence of external stimuli. The concept of 4D-printing requires shape memory material with specific physical and mechanical properties; sensitivity to external stimuli; and structural design with a chosen 3D printing technique, which are necessary to unlock the potential for functionality for specific applications. Due to this complexity, materials for 4D-printing are not commercialized so far. 
This research fabricated an electroactive nanocomposite filament made from biodegradable polymers with graphene for 4D-printing with 'thermally stimulated shape memory' (t-ShM) functionality, activated by Joule heating. Based on the percolation approach, we developed a technology for producing a multicomponent nanocomposite filament through sequential twin-screw and single-screw extrusion, under conditions relevant to industrial standards. An electroactive filament with a controlled diameter of 1.75 mm was obtained from selected biopolymer blends with graphene, featuring high electrical conductivity, enhanced mechanical properties and thermally stimulated shape memory functionalities activated by Joule heating. 
Using the new t-ShM filament, a 4D-printing technology (layer-by-layer extrusion) was developed, with CAD modeling and optimized printing conditions. Representative model was 3D-printed for testing in a simulated environment of Joule heating. The transition temperatures for shape deformation - shape fixation - and shape recovery activated by Joule heating were investigated, which unlocks functionalities like self-actuation and self-healing. 
The innovative t-ShM filament for 4D printing has great potential for printing objects with complex structures, shapes and reversible thermally stimulated functions, making it suitable for revolutionary applications in energy, transportation, communication technologies, soft robotics, biomedicine, etc. This material is biodegradable, recyclable and reusable, having a potential to reduce the carbon footprint of the rapidly developing additive technology. 
Keywords: biodegradable filament; 4D-printing; Joule heating; shape memory; self-actuation; self-healing. 
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NEW METHOD FOR GASIFICATION OF AGRICULTURAL AND FORESTRY WASTE
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The proposed new method allows for a more complete use of the solvent feedstock and its conversion into heat and combustible gases. The use of this renewable source makes it possible to reduce the use of fossil fuels. The use of this method will lead to the formation of energy centres in agricultural areas. The recovered gases can be used as fuel in agricultural machinery which would lead to green farming. The waste produced in the process can be used for fertilizing agricultural land.
[image: ]
Advantages of the technology.
Due to the high temperature in the gasifier and the presence of moisture in the output material, no tar is produced (or, to put it more accurately, the resulting tar is decomposed). The degree of transformation of the energy of the raw material to the energy carried by the gases is 81%. Given that the efficiency of the piston machine is 42%, the total efficiency of the electric power generation is 34%. The system makes it possible to obtain significant amounts of heat at different temperature levels.
Keywords:  gasification, energy efficiency
Acknowledgements: Institute of Chemical Engineering, Bulgarian Academy of Sciences 
IMPLEMENTATION OF THE PROJECT BG-RRP-2.017-0006 “ECOLOGICAL TECHNOLOGY FOR CONVERSION OF WASTE BIOMASS TO AN INNOVATIVE PRODUCT (ACTIVATED CARBON) WITH WIDE APPLICATION” Dec. 2024 – May 2026”
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Pavlina Dolashka1, Angelina Kosateva1, Izabela Ivanova1Ljudmila Velkova1, Alexander Dolashki1, Maria Todorova1, Ventseslav Atanasov1, 
Bogdan Rangelov2, Dradomir Tachev2, Georgi Avdeev2, Stela Alexandrova-Vladimirova2, Iskra Piroeva2, Ivan Zahariev2, Radoslav Abrashev3, Maria Dyankova3

1Institute of Organic chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences, Acad. G. Bonchev str., bl.. 9, Sofia 1113,
2Institute of Physical Chemistry “Rostislaw Kaischew”, Bulgarian Academy of Sciences Acad. G. Bonchev str., bl. 11, Sofia 1113,
3“Stephan Angeloff” Institute of Microbiology, Bulgarian Academy of Sciences, Acad. G. Bonchev str. bl. 26, Sofia 1113
Boyko.Tsyntsarski@orgchm.bas.bg
The conversion of waste biomass from fruit processing into useful products is a serious environmental protection problem. Fruit stones, remaining in large quantities after their processing in canning plants, are in most cases burned, which is inefficient due to their low calorific value and is associated with the release of flue gases containing substances that pollute the environment. A solution of this problem is the proposed project, aimed at developing a waste-free technology for processing the waste product peach stones into a target product high-quality activated carbon with an ecological focus and wide application in various purification techniques, catalysis, medicine, electronics, etc. The innovative technology will avoid the burning of fruit stones.
To achieve the set goal, the efforts of two scientific teams from the Bulgarian Academy of Sciences have been combined, which have modern equipment and proven specialists with different experience and high qualifications. The main result of the project is the creation of a waste-free technology for the conversion of waste biomass - peach pits, remaining after their processing in canning plants, to activated carbon with high consumer value, which will allow their rational use. The second important result is the production of an ecological product, activated carbon, which will be included in purification filters that will completely purify flue gases from CO2 and other harmful emissions. Use of activated carbon for the purification of drinking and wastewater from toxic organic pollutants and heavy metals. Inclusion of activated carbon and development of metal nanoparticles (Ag, Cu and Zn) for application in medicine. Determination of the antiseptic effect of the carbon adsorbent and the resulting metal nanoparticles against various bacterial and fungal strains.
Keywords: waste utilization, peach stones, pyrolysis, activated carbon, bio-nanoparticles, antibacterial effect
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CREATIVE RECYCLING IN AGRICULTURAL SECTOR
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Liofyllo is an idiom to say olive leaf at Greek language. The Social Cooperative Enterprise, in harmony with the principles of the circular economy & with deep technology, creates a novel eco-friendly material (National & US Patent, Evaluation WIPO) from the untapped olive leaves and bio-adhesives. Its innovation lies to the way of processing and eco-management policies of the biomass of the olive leaves that is discarded, during the production process of olive oil. This unique material has application in a diverse range of sectors, from interior furniture and deco, to the refined creation of luxury gifts and souvenirs.

Keywords: waste from agriculture utilization, eco-friendly materials, circular economy.


DESIGN OF INNOVATIVE POLYMERIC MATERIALS AS BIOCONTROL AGENTS WITH APPLICATION IN ECOLOGICAL AGRICULTURE
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The growing spread of plant diseases caused by phytopathogens leads to significant agricultural losses worldwide. While synthetic pesticides remain the primary means of plant protection, their excessive use results in environmental pollution, biodiversity loss, and risks to human and animal health. In line with the European Union’s strategy to phase out harmful pesticides and promote sustainable farming practices, this work presents the development of innovative polymeric formulations for application in ecological agriculture.
A series of advanced polymer hybrid materials were designed using fully biocompatible, biodegradable, and non-toxic polymers such as poly(3-hydroxybutyrate), chitosan, and cellulose derivatives [1-5]. These matrices were combined with beneficial microorganisms (Bacillus subtilis and selected yeasts) that act as natural biocontrol agents by inhibiting phytopathogens through the release of phytohormones, antibiotics, and enzymes. Various incorporation strategies, including both classical approaches and innovative “green” techniques, were explored to optimize the interaction between the bioagent and the polymer carrier.
Microbiological tests confirmed that the obtained materials exhibit strong antifungal and antibacterial activity, demonstrating high potential as eco-friendly biocontrol agents [1-5]. The proposed polymer-based systems offer an effective and sustainable alternative to conventional pesticides, contributing to resource efficiency, environmental protection, and the advancement of circular bioeconomy principles in agriculture.
Keywords: Eco-agriculture, natural polysaccharides from renewable sources, biocontrol agents, plant protection products
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References:
1. P. Tsekova et al. Agronomy, 2025, 15(7).
2. V. Krastev et al. Gels, 2025, 11, 302.
3. N. Stoyanova et al. Polymers, 2025, 17(5).
4. V. Krastev et al. Polysaccharides, 2024, 5(4), 698.
5. P. Tsekova et al. Polymers, 2024, 16(19).




Session 4:
Processing and utilization of industrial waste


LARGE- SCALE GRAPHITE LESS PRODUCTION
OF GRAPHENE NANOMATERIALS 

Valery Serbezov, Jason Naydenov, Svetlin Serbezov

Bulsnano Ltd., Plovdiv, Bulgaria, “G. Tringov” Str., 3
office@biocoats.com
Graphene is widely recognized as a revolutionary nanomaterial due to its exceptional properties, which significantly differ from bulk materials. However, the growing demand for graphene also presents environmental and health risks, primarily due to conventional synthesis methods, the raw materials used, and their associated impacts. To mitigate these risks, clean, sustainable production technologies that utilize waste-derived carbon sources must be developed. To address these challenges, recent innovations has focused on alternative, low-cost, and environmentally friendly sources for graphene nanomaterials synthesis, such as plastic waste, used tires, biomass (coconut husks, pine bark, sugarcane bagasse), and carbon-rich gases (methane, ethanol, and methanol). We developed the system and method herein relate to the synthesis of graphene and graphene-like nanomaterials using a Brown’s gas (HHO) plasma torch, which enables the conversion of carbon-containing materials, including carbon black from used tires, plastic waste, pulp, and paper, into high-quality graphene-like nanomaterials: graphene, defected graphene, graphene- oxide (GO), and reduced graphene- oxide (rGO), as a residual end product is water vapor, only. The synthesized materials were studying by means of Scanning Electron Microscope (SEM) and Energy-Dispersive X-Ray Analysis (EDX), Raman Spectroscopy, X-Ray Diffraction (XRD), X-ray photoelectron spectroscopy (XPS). In embodiments, industrial-scale graphene production is achieved through a single-step, ultra-fast process that eliminates the need for externally harsh added chemicals, intercalates, solvents, or catalysts, including metals. Unlike conventional methods that rely on costly and limited graphite sources, embodiments herein utilize post-consumer and recycled carbon materials. We offer simultaneous synthesis of large-area graphene/ graphene- like nanomaterials and formation of micro- and nanoscale functional domains and graphene nanocomposites - or CNC for 2D direct writing and 3D printing, also. The applications of those 2D materials are huge, from aerospce and defense, environment, energy, sensors, micro-nano- electronics, thermal applications, medical and life sciences. 
Keywords: Graphenes, Brown gas, synthesis, waste polymers, old tires 
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REMOVAL OF HEAVY METALS FROM AQUEOUS SOLUTIONS USING 
ROSA DAMASCENA WASTE

Nils Haneklaus1, Gergana Marovska2, Ivanka Hambarliyska2, Anton Slavov2,

1University for Continuing Education Krems, Dr.-Karl-Dorrek-Straße 30, 3500 Krems an der Donau, Austria
2Department of Organic and Inorganic Chemistry, Technological Faculty, University of Food Technologies, 26 Maritsa Blvd., Plovdiv, 4002 Bulgaria 
antons@uni-plovdiv.net


Waste rose petals from industrial distillation of Rosa damascena Mill. (RD) were successfully utilized as cheap, abundant and eco-friendly adsorbents of heavy metals from aqueous solutions. The experiments were performed in batch (static) mode in three variants: no agitation, with agitation and with agitation and centrifugation. Eighty mL of the model solution (containing 160.584, 50.749, and 8.389 mg/L copper, nickel and lead cations, respectively) was added to 8.02 g RD. At specified time: 1st, 4th, 7th and 10th min (total adsorption time 10 min), samples were taken and the concentration was determined. For 10 min contact time RD adsorbed 70% of Cu2+, 40% of Ni2+ and around 9% of Pb2+ (solutions prepared in 1% HNO3). Application of centrifugation after the adsorption did not lead to more successful adsorption, the results are close and not statistically significant between the two experiments. Experiments with model solutions in deionized water (cation concentrations: Cu2+ – 150.446; Ni2+ – 59.909; Pb2+ – 3.891 mg/L) were also performed. The results suggested that RD adsorbed 87% of copper and nickel and almost 98% of lead in ten min contact time. The results from experiment with industrial wastewaters from a non-ferrous metal mining suggested that in real samples there is an element of selectivity towards certain cations and they suppress the adsorption of other heavy metals from the solution. RD can be successfully used as an adsorbent for bismuth and lead. The present study suggests the industrial post-distillation solid RD wastes could be successfully utilized as adsorbent of copper, nickel and lead cations in aqueous solutions.
 
Keywords: Rose (Rosa damascena Mill.), heavy metals, adsorption, valorization 
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INORGANIC TECHNOGENIC WASTES AS RAW MATERIALS FOR PRODUCTION OF NEW CONSTRUCTION MATERIALS 

Alexander Karamanov
Institute of Physical Chemistry “Rostislaw Kaischew”, Bulgarian Academy of Sciences, Sofia, 1113, Bulgaria
karama@ipc.bas.bg

The main purpose of presented project BG-RRP-2.017-0024 (WasteNewMat) is to demonstrate, at technology readiness level 6 or 7 (TRL 6 -7), new construction materials with improved properties, obtained using high percentages of suitable inorganic technogenic waste from Bulgarian industries. After characterization of selected suitable wastes, the research will be focused on the synthesis of building and clinker bricks with improved mechanical characteristics, glass-ceramic sintered granite-like material and insulating glass-ceramic and geopolymer foams and composites. 
The work is a logical prolongation of the team's activities under Project BG05M2OP001-1.002-0019 “Clean technologies for sustainable environment – waters, waste, energy for circular economy“ (Clean&Circle) for creation and development of a Centre of Competence and two environmentally oriented projects under the BSF, granted in 2022 and 2023, which are mainly related to fundamental research on the characterization and use of industrial waste, as well as on laboratory synthesis of various samples. 
In contrast, the present project is related to the optimization of few specific compositions and the manufacture of 3 or 4 prototypes at pilot level. During the investigations, related to this project are applied various research methods, which is possible due to the availability of new specialized equipment in the base organization; some of these methods yet are unique for Bulgaria. 
The pilot experiments are expected to be carried out using a modular pilot tunnel kiln, already built in block 10, Campos "8th kilometer" of the Bulgarian Academy of Sciences. In addition, a tilting pilot glass furnace is building within the framework of the project. It will allow vitrification of different industrial wastes, ensuring an easy change of the composition of the resulting glasses.
 
Keywords: industrial wastes, vitrification, ceramics, glass-ceramics, geopolymers
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Electrical vehicles (EVs) are receiving increasing attention from consumers, businesses, and human society. The transportation of EVs is dependent on electric chargers that become a new set of electrical consumers, which increases the load on the electrical system and the grid. The focus on the study is on distributing electrical power between different connectors of a charging station. The charging station can receive limited electrical power due to infrastructure constraints. This power must be distributed to charge the battery between simultaneously charging EVs. Our interest is focused on the distribution of battery power for two simultaneously charging vehicles as the dual charging stations are most commonly encountered. The study provides a formal representation of an optimization problem to allocate the capacity of a two-unit charging station between two vehicles that are charging simultaneously by minimizing the total loading time. The charging time of the battery depends on the power source of the charging station and the capacity of the battery. The optimization problem has a nonlinear objective function, which makes it difficult to solve analytically. The analysis of the optimization is presented through a set of numerical experiments in the MATLAB environment. Numerical simulations have been performed for different values of the car batteries.
The derived optimization problem gives the optimal redistribution of the charging station power to the two units for simultaneous charging of two vehicles with different remaining charging capacity at the minimum charging times for both vehicles. The problem can be extended to the case where the limitation of grid power has to be respected in a region with several charging stations. Thus, a reallocation of the energy resources will be provided from less power load stations to the more loaded ones.  
The derived formal problem allows the waiting time for charging the remaining capacity of the EV battery to be numerically estimated. After defining and solving the optimization problem, an information service can be created, supported and implemented by the digital support of the charging station. 
Keywords: formal modeling, optimization, electrical vehicles, dual charging station, charging time minimization 
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ANALYTICAL ESTIMATION OF CHARGING TIME FOR ELECTRICAL VEHICLES 
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The transition towards green technologies takes intensive place in transportation. The results in this domain are the huge increase of electrical vehicles, which are exploited both for domestic and rural usage. A main disadvantage of the electrical vehicles is the need for relatively long time for charging in comparison with the traditional vehicles, using fossil based fuels.  The charging time is internal important feature of the electrical vehicles, which influences its exploitation characteristics about the range and time of exploitation, speed of motion, delays in usage. The main parameters, which influence the time of charging, come from the battery capacity of the electrical vehicles and the power of the charging station that it can be allocated for charging. 
This study derives analytical relations between these three important parameters: how long can be the charging time for a particular vehicle, according to its current level of battery capacity and the potential power of the charging station. This relation allows to be estimated the duration of the charging time for the vehicles and the driver can take its decision about the choice of the charging station to be used or to find another, which can allocate more power. The more power stations will decrease the charging time. The derived analytical relation is based on formal dependencies, which allows the charging station to inform the driver about the charging time for his vehicle, considering the current requested capacity of its battery.  
This result considers the estimation of the charging time of electrical vehicle with an arbitrary charging capacity request at different charging station power. The derived analytical relation allows being estimate the charging time without the need of complex mathematical evaluations. The result of this study can be implemented as information service for the driver both in the vehicle and as an information support for charging stations. This information service can be hosted both in a personal phone and a virtual available service.   
Keywords: electrical vehicles, charging time, formal modeling, stations, minimization of the service time
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Vanadium flow batteries (VRFB) are attracting increasing attention in scientific and industrial communities due to their ability to provide reliable and scalable energy storage from renewable sources. They are characterized by high power and energy density, long service life, exceptional resistance to charge–discharge cycling, and a high degree of safety. The electrolyte in these batteries can be recycled, making them sustainable and environmentally effective solutions for large-scale energy systems.
This work presents a study of various proton-donor and proton-acceptor substances based on 2-pyrrolidone or short chained perfluoroalkyl sulfonic acid as additives to the vanadium electrolyte to improve the electrical performance of a vanadium-redox flow battery (VRFB). As a testing environment industrially prepared and supplied vanadium electrolyte was used. First, the effects of the additives were monitored in a three-electrode cell with vanadium electrolyte, using graphite electrodes and a Hg/Hg2SO₄ reference electrode. The goal was to track the influence of each additive on the electrochemical activity of the electrolyte system. Additionally, tests were performed in a small laboratory-scale flow cell, where the electrical behavior of the system, including changes in the oxidation states of the vanadium electrolyte, was analyzed. 
The results obtained show that selected proton-donor and proton acceptor substances demonstrate a beneficial effect on the electrochemistry and overall electrical performance of the VRFB.
 Keywords: vanadium red-ox flow batteries (VRFB); electrolyte additives; polymer materials; proton donor; proton acceptor; electrochemistry
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SEASONAL AND SHORT-TERM THERMAL ENERGY STORAGE SYSTEM WITH GEOTHERMAL HEAT EXCHANGERS AND PHASE CHANGE MATERIALS USING RENEWABLE ENERGY SOURCES
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Thermal energy storage has undergone rapid development over the last 50 years, with a number of research efforts focused on the potential for seasonal storage as well as storage in smaller volumes. Since the 1970s, prototype installations have been implemented to store sensible heat in the ground using geothermal heat exchangers connected to renewable energy or waste heat sources. These have been upgraded and refined and operate connected to buildings, building districts and settlements or to large industrial sites. Similarly, the application of thermal storage with phase change materials is a compact solution for short-term heat storage. Despite a number of existing designs, only a few have successfully reached the market.
A prototype heating and cooling system is developed for conditioning of two office spaces at Central Laboratory of Solar Energy and New Energy Sources- BAS. The installation uses three types of renewable energy sources with short-term and seasonal thermal energy storage systems. Innovative solutions are proposed to increase the storage efficiency and to reduce the storage volume by two modified designs of geothermal heat exchangers and three types of thermal accumulators using phase change materials (PCMs). The general aim is development, optimization, and implementation of an innovative combined system for long-term and short-term storage of energy from renewable energy sources as a local effective solution for balancing energy transmission networks. Mathematical models are developed to simulate the thermo-hydro-mechanical processes in the thermal accumulators, for the purpose of prototyping and development to reach technology readiness level TRL7. Specific expected measurable effects of the research project in the medium term are a reduction in energy demand for heating by at least 80% and reduction of CO2 emissions. In the long term, the obtained new knowledge from investigation and exploitation of such installations will contribute to the balancing of energy grids, the decentralization of energy production and the decarbonization of the energy sector.
Keywords: renewable energy, thermal energy storage, geothermal accumulator, PCM. 
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WATER ELECTROLYSIS WITH ZERO-GAP GAS DIFFUSION ELECTRODES: DIAPHRAGM SEPARATOR ELECTRODE ASSEMBLY, SINGLE-CELL PERFORMANCE, AND STACK CONFIGURATION

Galin Borisov, Nevelin Borisov, Elitsa Petkucheva, Borislava Mladenova, Jordan Iliev, Evelina Slavcheva

 Institute of Electrochemistry and Energy Systems “Acad. Evgeni Budevski” – Bulgarian Academy of Sciences
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Alkaline zero-gap water electrolyzers represent a recent and promising technology for producing ultra-high-purity hydrogen (>99.9999%), offering advantages such as compact design, high current densities, wide operating temperature range (20°C–95°C), and energy efficiency exceeding 75%. This study investigates the electrochemical performance of a pilot-scale alkaline water electrolyzer employing a ceramic diaphragm (Zirfon Perl 500) and multilayered electrodes. Both anode and cathode are supported by a stainless steel SS316 framework, providing mechanical stability for a microporous active layer with a high surface area. The active layer is coated with a NiFe sublayer using deep and dry deposition methods at temperatures ranging from 20°C to 80°C. Diaphragm conditioning was performed in situ by circulating 25% KOH for 24 hours at room temperature. Hydrogen crossover and electrolyte absorption were also evaluated. Electrochemical characterization using a standard three-electrode setup, cyclic and linear voltammetry in 25% KOH at room temperature, showed that a current density of 0.2 A·cm⁻² could be achieved at 2 V without signs of degradation. Single-cell and stack tests demonstrated stable performance, reaching a current density of 800 mA·cm⁻² at 80°C and 2 V, with a maximum power density of 3 W·cm⁻². The developed diaphragm/separator assemblies were integrated into a laboratory-scale electrolyzer stack with hybrid electrical connections, exhibiting consistent electrochemical behavior under elevated voltage and temperature. These results highlight the potential of alkaline zero-gap electrolyzers for efficient and durable hydrogen production, providing insights into electrode design, diaphragm conditioning, and stack configuration.
 
Keywords: Electrolysis, Zero-gap electrolysis ZGE, Diaphragm electrode package D/SEP, Hydrogen, Stack construction, Electrical connections 
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ACHIEVEMENTS OF THE LIFE WATEROIL PROJECT (LIFE20 ENV/BG/001042)
IN THE FIELD OF RESOURCE EFFICIENCY AND CIRCULAR ECONOMY

Venelin Marinov - Project Office Manager
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The project was implemented in the period 2021-2024 with the financial support from the EU LIFE Programme and additional funding from the coordinating beneficiary LUKOIL Neftohim Burgas AD. Its implementation demonstrates successful cooperation between industry (LUKOIL Neftohim Burgas and Eurovix SpA), science (Burgas State University "Prof. Dr. Asen Zlatarov") and the local community (Burgas Municipality, NGOs, etc.).
Among the significant results are the increase in resource efficiency, including energy efficiency and a circular economy based on the repeated use of water.
The implemented solutions reduced the annual consumption of fresh water from the Mandra Dam by 420,000 cubic meters and CO₂ emissions by 1,400 tons per year. This was achieved by replacing the fresh water used in the crude oil desalination process with recycled water from the Heavy Residues Processing Complex (H-Oil). This water has a higher temperature, which leads to fuel savings for heating and reduced CO₂ emissions.
The aeration system of the Central Wastewater Treatment Plant (CWTP) was renovated: the surface turbine aeration of the bio-basins was replaced with a much more efficient pneumatic aeration, providing better oxygen saturation and energy savings of over 50%.
Within the framework of the project, a wastewater pipeline was built from the crude oil desalination units to the WWTP, at the beginning of which powder bio-activator developed by the Italian bio-technological company Eurovix SpA, which is a partner in the project, is dosed. At the outlet of the pipeline, the air is treated with a liquid bio-activator. Thanks to the use of bio-activators and the transportation of wastewater through a pipeline, the emissions of hydrogen sulfide and non-methane hydrocarbons and, in general, odors at the plant site and in nearby settlements were significantly reduced. A Methodology for measuring unpleasant odors was developed jointly with the Municipality of Burgas.
LIFE WATEROIL was one of the projects presented at the LIFE Programme stand during the Green Transition 5.0 forum in Sofia.
The project won the highest award in the category "Best Green Technology and Innovation" in the ENTERPRISE magazine competition - Innovation & Tech Awards 2025, recognition for its effective implementation and contribution to sustainable development.


PHOTONIC SENSING EFFECTS AT THE SOLID SURFACE/BIONANOCOMPOSITE INTERFACE FOR DETECTION AND MONITORING OF BIOGENIC PARTICLES
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[bookmark: _GoBack]This study aims to investigate phospholipid bionanocomposites, as a model of a selective biostructure providing biogenic particle sensing. The inherent bilayer membrane features allow application of surface structural methods, such as plasmon resonance (SPR) and electromagnetic echo effect (EMEE). The analysis of the planar bilayer membrane structure/solid surface interface allows better understanding the processes at the complex bilayer structure/cytoplasm and the related trans-membrane transfer process of nanoparticles (NPs), including biomedical and pharmaceutical, having a biogenic impact on biosystems. Of particular importance are the bionanocomposites, where the bilayer membrane is a matrix in which NPs are incorporated, such as the amide functionalized single-walled carbon nanotubes (SWCNTs). Their selection allows detection of physicochemical, electro-optical (EO) and thermodynamic changes in the bionanocomposite by converting physical or chemical quantities into measurable electrical or optical signals - a key property of the sensor platform. Using differential scanning calorimetry (DSC) we investigated the thermal and structural behaviour of the mixture of phospholipid 1-stearoyl-2-oleoyl-sn-glycero 3-phosphocholine (SOPC) and amide-functionalized single-walled carbon nanotubes (af-SWCNTs) for concentrations 2- 10 ×10−3 wt% SWCNT/SOPC. the main thermodynamic features of the phase transition gel- liquid crystal: the melting temperature Tm; the calorimetric enthalpy ∆Hcal; the van′t Hoff enthalpy and the corresponding cooperative units (CU) has been discussed. 
Viral detection utilizing EMEE sensing has been presented. Experimental results regarding control of a Chicken anemia virus presence by registering the specific reaction with its corresponding antibodies prove the feasibility of the method. 
Keywords: lipid bilayers, carbon nanotubes, cooperative units, virus detection
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SUSTAINABLE UTILISATION OF WASTE GYPSUM WITH CO2 SEQUESTRATION POTENTIAL
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A significant quantity of waste gypsum is produced each year as a by-product of flue gas desulfurisation in power plants and other industrial operations. Its accumulation contributes to environmental issues such as soil degradation and water pollution. Consequently, the development of effective recycling strategies for this material remains an active area of research.
[bookmark: _Hlk206760289][bookmark: _Hlk206692255]The present work proposes an efficient scheme for recycling waste gypsum from power plant flue gas desulfurization, including: (i) conversion of gypsum into calcium hydroxide; (ii) use of as prepared Ca(OH)2 to capture CO2 from the environment and convert it into CaCO3.
Based on theoretical considerations of the four-component system Na+, Ca2+/OH−, SO42-/H2O at 25 °C and supporting experimental studies, an effective method for converting gypsum into Ca(OH)2 is developed. It was found that 2M NaOH added at once, 2h stirring, and 22h maturation are the optimal conditions. The highest degree of conversion (94%) is obtained at 25% excess of NaOH. At 10% excess, the conversion is 91%, and at 5% excess, 88%. This shows that the most economically advantageous process is at a 5-10% excess of NaOH. 
Carbonation experiments are carried out in a laboratory glass reactor,  containing 1.0 cm3 γ-Al2O3 (Rhone Poulenc), impregnated with a mixture of converted to 94% Ca(OH)2 diluted with distilled water. The tests are performed with air from the environment (450 ppm CO2, 1 vol. % H2O) at gas velocity of 35 l/h. Gas analysis is conducted using a specialized online gas analyzer for CO2 (MultiGas FTIR Gas Analyzer 2030G), connected with a microprocessor system for continuous data monitoring, Isomatic Complect. The results obtained show that the tested material is active for CO2 capture. It can be concluded that the resulting material may be incorporated into external building plasters for passive CO₂ removal from the atmosphere or applied in industrial processes such as CO₂ capture during methane decomposition.
Keywords: recycle, waste gypsum, conversion of gypsum, capture CO2 
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ECO-FRIENDLY USE OF BLACK SEA RESOURCES
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The Black Sea water is a strategically important natural resource, as it contains almost all chemical elements. The concentration of Na+ and Cl- ions is the highest, which determines one of the traditional and well-known applications of seawater - the crystallisation of sea salt through its natural or controlled evaporation. The resulting product is widely used in the food and chemical industry. After the sea salt crystallisation, two residual products remain - sea brines and technological mud. Brines are concentrated solutions rich in valuable components, such as magnesium, potassium, and sulfates, as well as various trace elements. The mud also has a unique microflora and microfauna. Instead of being considered as waste, brine and mud can be a valuable raw material for obtaining inorganic salts and cosmetic products with high added value.
Based on theoretical and experimental studies on the solubility diagrams of sea-type water-salt systems, we propose an ecological method for complex utilization of waste Black Sea brines, which includes: (i) obtaining several inorganic salts with diverse applications, such as, MgCO3.3H2O additive to ruminant feed, Mg(OH)2 or MgO as a refractory material, 4MgCO3.Mg(OH)2.4H2O applicable in the ceramic industry, CaSO4.2H2O for construction, potassium salt (mixture KCl:NaCl=3:1) for the food industry; and (ii) production of cosmetic products containing Black Sea brine and mud - massage and exfoliating gels, bath salts, masks and oral hygiene products that support both skin health and the general well-being of the body. This method achieves two effects: (i) economic - practically complete extraction of the macrocomponents (Na+, K+, Mg2+, Cl- and SO42-) contained in the waste Black Sea brine and (ii) ecological - protection of marine flora and fauna from the ecological shock caused by the return of the waste brine back to the sea.
The approach to the full and sustainable use of the Black Sea's resources aligns with the principles of the circular economy, which involves minimising waste, maximising the utilisation of by-products, and integrating environmentally friendly technologies.
Keywords: Sea resources; Waste brine; Green methods; Inorganic salts; Cosmetic products



INSIGHTS INTO THE SOLVENT EXTRACTION AND SELECTIVITY OF VARIOUS METALS BY CHELATING LIGANDS 
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New solvent extraction system for the removal of 4f ions (Ln3+) by use of chelating ligands (HLn, n = 5, 6, 7 and 8) composed of heterocyclic receptors and one β-dicarbonyl fragment is reported. The covalent attachment of β-dicarbonyl unit to a saturated N-heterocycles with variable ring size resulted in a cooperative interaction within the receptor for Ln3+ transfer. 


The intramolecular cooperative effect was observed only in the ionic liquid (IL) solvent system, providing a several fold increase in extraction performance for Ln3+ ions (La Nd, Eu and Dy) over chloroform. Thus, it is not possible to confirm that identical reaction mechanism operated in both liquid systems: IL or CHCl3. The existance of neutral chelates of the type LnL3 or anionic lanthanoid complexes [LnL4−] in an ionic medium has been established. Consequently, Ln3+ ion was held by HLn molecules more rigidly in an IL medium ([C1Cnim+]/[C1C4pyr+]/[C1C4pip+][Tf2N−], n=4, 6, 8, 10) than in chloroform, representing an important factor dominating the magnitude of the intramolecular cooperative effect of the chelating ligands for Ln3+ ions. The effect of the diluent’s chemical nature on the metal extraction and separation has been studied and discussed thoroughly. Furthermore, competitive solvent extraction and separation studies with various s-, p-, d- and f-ions of the periodic table revealed that the magnitude of the intramolecular cooperative effect depends on the suitability between the metal ion size and the cavity size or flexibility of the HLn compounds. 
 Keywords: solvent extraction; chelating ligand; mechanism; ionic liquids; separation.
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ECOLOGICAL ENHANCEMENT OF P2O5 IN TUNISIAN PHOSPHORITE VIA MECHANOCHEMICAL ACTIVATION: RESULTS OF PHOSPHORITE ACTIVATION IN DIFFERENT TYPES OF GRINDING JARS

Katerina Mihaylova1, Sofia Panova1, Liliya Tsvetanova1, Vilma Petkova1
1Institute of Mineralogy and Crystallography, Bulgarian Academy of Sciences, 
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Phosphorus and phosphate rocks are among the 34 raw materials considered critical to the European Union. As such, phosphate-rich rocks like phosphorite have strategic significance, particularly due to their wide application in the agricultural sector. They are primarily used for the extraction of phosphorous for fertilizer production, essential for food production and plant growth. However, traditional processing methods require the use of acids, which in turn leads to the production of greenhouse gases and solid waste such as phosphogypsum. An alternative, more sustainable method of processing the phosphorite is via mechanochemical activation (MCA). MCA is effective in reducing the environmental footprint of phosphorite processing, as is does not require the use of any additives and does not generate waste. In addition, it is suitable even for the treatment of low-grade ores, as it can significantly increase their phosphorous solubility. Studies of low-grade phosphorite report an increased P solubility via MCA by 7.76-13.67 times.
This work investigates the possibility of sustainable phosphorite processing by mechanochemical activation. It aims to determine the most optimal conditions for increasing the amount of P2O5 by varying the type of grinding jars. Samples from Tunisian phosphorite were milled with 10 mm grinding bodies for 5, 10, 30, 60, 150 and 300 min in 4 types of grinding jars – Fe, Cr-Ni, Agate, and Zr. They were then analyzed with chemical analysis, X-ray fluorescence analysis (XRF), and powder X-ray diffraction (PXRD). The soluble forms of P2O5 – total (P2O5tot) and assimilable (P2O5a) in the phosphates were determined. The experimental data for P2O5a/P2O5tot for all samples were then mathematically processed and plotted as a function of the activation duration. The results indicate that the most efficient activation time in terms of increased P2O5a/P2O5tot is 300 min for all samples. Depending on the type of grinding jars, Cr-Ni exhibits the best results (64.80%), followed by Zr (60.53%), Agate (58.63%), and Fe (54.08%).
 Keywords: phosphorite, ecological processing, mechanochemical activation, grinding jars 
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Phosphorus has an important role in building the bone tissue of organisms. The main mineral in the composition of which Phosphorus is involved is Hydroxyapatite (HA), Ca10(PO4)6(OH)2. HA is the closest pure synthetic equivalent to human bone mineral. Synthetic OH-Ap is biocompatible and bioactive and clinically used as an important bone substitute. Using nano hydroxyapatite materials with multi-functional applications include drug delivery for targeting the therapeutic effect for bone regeneration with osteoprotective ability and tumour therapy. 
The ball milling activation (BMA) method is often used to intensify solid-phase reactions, i.e. to increase the chemical activity of substances or as a solid-phase synthesis method. These effects are the result of revealing a fresh reaction surface, reducing the size of crystallites and/or increasing solid-state defects in the solid phase under the influence of accumulated mechanical energy during activation. 
In the present work, the structure-phase changes of synthetic hydroxyl apatite under the influence of BMA for a period of 30 and 300 min with 20 mm diameter steel grinding bodies in a planetary ball mill were investigated. The changes in HA structure were followed by powder X-ray diffraction and Wavelength Dispersive X-ray fluorescence analysis.
We found that the BMA process of synthetic hydroxylapatite leads to changes that are important for their biological application: amorphization of HA; reduction in the size of apatite particles; increase in carbonate content; isomorphous transformations and solid-state synthesis with the formation of ortho- and pyrophosphates.
 Keywords: Hydroxyapatite, ball milling activation, structure changes, isomorphic substitution 
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SUSTAINABLE VIEW ON TOBACCO: AGRICULTURAL, PHARMACEUTICAL AND EVERYDAY APPLICATIONS 
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Tobacco (Nicotina tabacum) is mostly known among society for the production of smoking products such as cigarettes. During the processing of tobacco huge amounts of waste and by-products (flower buds, seeds, stems, stalks, and leaves) are generated. Moreover, waste such as cigarette butts severely challenges the recycling systems and adversely affects the environment. The sustainable principles of circular economy direct current research to seek technologies and methods that valorize raw materials through minimizing waste and implementing by-products in other productions. The chemical composition of the tobacco plant is highly valued in multiple fields for its various applications. Tobacco plant and tobacco by-products could be a source of alkaloids (anabasine, anatabine, nicotine, nicotine derivatives), phenolic compounds (chlorogenic acid, scopoletin, rutin), cellulose, and pectin. A key intermediate in coenzyme Q10 and vitamine K2 synthesis, solanesol, is found in tobacco. In agriculture, tobacco is utilized to produce natural pesticides and biocontrol agents. Producing bioenergy and paper are among the variety of possible applications of tobacco and tobacco by-products. Contaminated soil detoxification could be achieved by the phytoremediation feature of the tobacco plant. Tobacco complex utilization is a key step for a greener future. Its innovative applications contribute to the circular economy and provide new opportunities for farmers due to the measures all over the world to minimize smoking. The valorization of tobacco benefits agricultural, pharmaceutical, and everyday use.   
Keywords: tobacco, tobacco valorization, sustainable, circular economy, agriculture, pharmacy 
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DECONTAMINATION OF WASTE WATERS, CONTAINING AZO DYE Β-NAPHTHOL ORANGE WITH RESIDUES FROM ESSENTIAL OIL INDUSTRY – COMMON SAGE (SALVIA OFFICINALIS) AND YELLOW HORNPOPPY (GLAUCIUM FLAVUM)
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Waste waters containing the azo dye β-naphthol orange (βNO) were subjected to purification by adsorption using common sage (CS) and yellow hornpoppy (YH) residues from essential oil industry. The preliminary characteristic of the biomasses suggested they contain 71.85±1.74% (CS) and 64.06±0.46% (YH) total dietary fibers (DF), and 6.59±0.28% and 5.44±0.86% soluble DF, respectively. The adsorption equilibrium was reached around the 20th minute (1 g adsorbent; 20 mL 1 mg/mL dye in water), and the amount adsorbed azo dye for CS was 19.58±0.12 mg (0.64 mg/mL from 1 mg/mL – 63.52% efficiency) and for YH: 19.55±0.24 mg/mL (0.71 mg/mL from 1 mg/mL – 71.24% efficiency). Preliminary washing of the residues with 0.1 N HCl increased their decontamination abilities. At pH 1.1 the βNO removal was above 99±0.1% for CS and YH. Comparison of the efficiency of removal of CS and YH with aluminum oxide, silica gel, activated carbon, Rosa damascena (RD), lavender (L), melissa (M) and yarrow (Y) wastes, suggested similar decontamination abilities for RD, L, M and Y (55–79%), as activated carbon showed 90% adsorption. The present study suggests the CS and YH wastes were able to remove βNO from water solutions with 56.75% and 64.16% efficiency,respectively.
Keywords: β-naphthol orange, azo dye, common sage, yellow hornpoppy, bio-adsorption.
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“GREEN” SYNTHESIZED Au AND Pd NANOPARTICLES AS DOPING ELEMENTS IN POLYMER NANOCOMPOSITES DESIGNED FOR OPTICAL APPLICATIONS
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Noble metal nanoparticles are among the most extensively studied nanomaterials due to their extraordinary properties – chemical resistance, biocompatibility, physicochemical and optical properties, remarkable photocatalytic activity originating from their high surface-to-volume ratio. Various physical and chemical methods have been developed for the synthesis of metal nanoparticles, including electrochemical and photochemical reduction, gas-phase techniques, laser ablation, sol-gel processing, and others. Despite their high efficiency, conventional synthesis methods for metal nanoparticles possess significant drawbacks, including toxicity, high cost, and environmental pollution. Consequently, the scientific community is actively pursuing the development of sustainable, low-impact approaches—so-called “green” synthesis methods.
In our study we have used water extracts from solid waste of Rosa damascena petals and tobacco (variety Oriental, mixed stems and leaves) as reduction agents of HAuCl4 and PdCl2 in order to synthesize “green” Au and Pd nanoparticles. Transmission Electron Microscopy (HRTEM) and Selected Area Electron Diffraction (SAED) have been applied to determine the morphology, microstructure and phase composition of metal nanoparticles obtained. Subsequently, we have explored the application of metal nanoparticles as a doping agent within polymer nanocomposites designed for optical applications.
Keywords: “green” synthesis methods, noble metal nanoparticles, optical properties, optical
applications
Acknowledgements: Research equipment of Distributed Research Infrastructure INFRAMAT, part of Bulgarian National Roadmap for Research Infrastructures, supported by Bulgarian Ministry of Education and Science was used in this investigation. We acknowledge the financial support from the National Science Fund of Bulgaria; project КП-06- H87/13 from 06.12.2024 “Complex valorization of by-products and waste from the tobacco industry”.


“GREEN CELL FACTORIES” AS A SUSTAINABLE BIOTECHNOLOGICAL PLATFORM FOR PRODUCTION OF WEALTH PROMISING BIOACTIVE PRODUCTS
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Medicinal plant therapies containing a complex of natural molecules have always attracted interest due to their potential for synergistic therapeutic effects and multicomponent nature. Plants are distinguished by a wide range of so-called specialized metabolites (SMs) that exhibit numerous beneficial biological properties for humans.
However, variation in the composition of metabolites in the naturally-grown plant material, due to changes in the environment and habitat of the plant, poses a major challenge to the production of standardized herbal preparations.
The intensive use of plants and plant-based natural products creates a huge discrepancy between their demand and availability. Furthermore, plant SMs are usually present in low (< 0.5%) quantities and collecting sufficient plant material to meet current needs can be impractical and environmentally destructive.
The goal of the project is to develop a methodology of producing a standardized biotechnologically derived extract based on plant in vitro systems with potential anti-rheumatic activity, as well as to demonstrate the applicability of the extract for the production of dietary supplements.
The technology could be applied in the biotechnology, food, cosmetic and pharmaceutical industries. It is intended for individuals with symptoms of rheumatoid arthritis, supporting the inclusion of medicinal plants or nutritional supplements in their anti-inflammatory therapy.
Keywords: Biotechnology, plant in vitro systems, plants, metabolites
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CHITOSAN GEL BEADS AS CARRIERS FOR BACILLUS SUBTILIS: A STRATEGY FOR SUSTAINED CROP PROTECTION
N. Stoyanova1, I. Valcheva2, D. Draganova2, M. Spasova1, O. Stoilova1
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Bacillus subtilis is a well-established biocontrol agent in crop protection, valued for its ability to suppress phytopathogens through antimicrobial metabolite production, resource competition, and induction of plant systemic resistance. Its ability to form endospores ensures long-term persistence and ease of formulation, making it a promising candidate for sustainable agricultural applications.
This study focuses on the development of chitosan gel beads as a biopolymer-based encapsulation system for Bacillus subtilis [1]. Chitosan, a biodegradable and biocompatible polysaccharide, provides a favorable microenvironment that enhances microbial stability and performance. We investigated the effect of chitosan molecular weight on bead morphology, water retention, swelling behavior, and the viability of the encapsulated bacteria.
The encapsulation process significantly improved bacterial persistence, maintaining high viability for up to 180 days of storage. Furthermore, the controlled-release properties of the chitosan matrix facilitated root colonization and prolonged plant protection. Antifungal assays confirmed that encapsulated B. subtilis retained strong inhibitory activity against two major phytopathogens, Fusarium avenaceum and Rhizoctonia solani [1].
These findings highlight the potential of chitosan-based formulations to enhance the stability and efficacy of microbial bioinoculants. Encapsulation of B. subtilis in chitosan gel beads offers a scalable, eco-friendly strategy for sustained crop protection and represents a promising alternative to conventional chemical treatments in modern agriculture.

Keywords: Bacillus subtilis; phytopathogens; chitosan gel beads; encapsulation; biocontrol agent
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SUSTAINABLE ENCAPSULATION OF BIOCONTROL YEASTS IN COATED ELECTROSPUN FIBROUS MATERIALS
P. Tsekova1, M. Petkova2, M. Spasova1, O. Stoilova1
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Plant diseases pose a major threat to global food security by destroying crops and plant-derived products essential for human consumption. Technologies that harness naturally occurring microorganisms – such as biocontrol agents – are emerging as viable alternatives to chemical pesticides. These beneficial microbes suppress plant pathogens by inhibiting their growth, promoting host health, or triggering plant defense mechanisms. Among them, yeasts are gaining increasing attention for their ability to combat a broad spectrum of plant pathogens.
This study reports, for the first time, the successful application of chitosan oligosaccharide (COS) and 2-hydroxyethyl cellulose (HEC) coatings on electrospun poly(3-hydroxybutyrate) (PHB) fibrous materials for the immobilization of non-conventional yeast strains with fungal biocontrol potential [1]. The developed materials were characterized by SEM to evaluate fiber morphology and yeast distribution, while water contact angle measurements were performed to assess changes in surface wettability. Microbiological tests confirmed high viability and metabolic activity of the immobilized yeasts, validating their suitability as stable biocontrol agents. The COS and HEC coatings significantly improved PHB surface hydrophilicity, enabling efficient yeast adhesion and enhanced survival [1].
The selected yeast strains exhibited strong adaptability, successful immobilization, and potent antagonistic activity in both free and immobilized forms. Their ability to grow on coated carriers as sole carbon sources further demonstrated their enzymatic versatility and potential role in biomass degradation. Antifungal and agar diffusion assays confirmed that immobilized yeasts retained killer toxin activity, effectively inhibiting fungal growth and pigmentation.
These findings highlight PHB-based electrospun materials as sustainable and bioactive carriers for yeast encapsulation, offering a promising platform for the development of next-generation biocontrol systems in ecological agriculture.
Keywords: electrospinning; poly(3-hydroxybutyrate); dip-coating; chitosan oligosaccharide; 2-hydroxyethyl cellulose; yeasts
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FUNCTIONALIZATION OF FIBROUS BIOMATERIALS WITH BACILLUS SUBTILIS USING ELECTROSPINNING AND ELECTROSPRAYING
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The persistent impact of plant diseases continues to undermine global crop productivity, emphasizing the need for sustainable protective strategies. Biological control – the use of beneficial microorganisms to suppress plant pathogens – offers a powerful alternative to chemical pesticides and aligns with the principles of ecological agriculture. Among the most effective microbial candidates, Bacillus subtilis stands out due to its robustness, spore-forming capability, and broad-spectrum antifungal activity.
This work presents a novel fabrication strategy that integrates B. subtilis directly into biopolymer-based fibrous mats using a dual electrospinning/electrospraying process [1]. Poly(3-hydroxybutyrate) (PHB) was electrospun to generate a fibrous scaffold, while a suspension containing chitooligosaccharide (COS) and B. subtilis spores was electrosprayed simultaneously onto the PHB fibers. During deposition, COS formed a continuous coating layer that acted both as an adhesive matrix and as a protective barrier, supporting spore immobilization and survival. SEM imaging confirmed the uniform distribution of B. subtilis spores across the COS-coated fibers, and water contact angle analysis revealed that the hydrophilicity of the PHB surface increased significantly after coating.
Microbiological evaluations demonstrated that the immobilized bacteria retained full viability after 90 days of storage and successfully germinated under favorable conditions. Moreover, the bioactive mats effectively inhibited the growth of key phytopathogenic fungi, including Alternaria spp. and Fusarium spp.
Overall, this study validates the dual electrospinning/electrospraying technique as an efficient route for functionalizing fibrous biomaterials with living biocontrol agents. The resulting COS/B. subtilis-on-PHB system represents a promising platform for the development of long-lasting, environmentally compatible crop protection materials.
Keywords: electrospinning; electrospraying; Bacillus subtilis; poly(3-hydroxybutyrate).
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ADVANCED HYBRID SOLAR SYSTEM FOR SPACE HEATING AND COOLING WITH TRANSPARENT THERMAL INSULATION AND THERMAL ENERGY STORAGE

Rumen Stoykova,b, Daniela Dzhonovaa
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Georgy Bonchev, bl. 103. 1113 Sofia, Bulgaria.
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An advanced hybrid solar system is proposed, which provides space heating and cooling. It includes part of the façade of a building similar to a Trombe wall. The main advantage is the relatively small mass of the wall. The system is able to store thermal energy received from the sun in remote accumulators and to connect to a heat pump. 
Transparent honeycomb thermal insulation is used between two glasses. This innovative insulation has a very low U-value. There is a correlation between the heating and cooling needs during the seasons and the sun elevation angle. The optical properties of the transparent insulation allow the solar rays passing through it to be controlled depending on the sun elevation angle. With proper choice of insulation, the transmission is high in winter and low in summer. The transmitted light is absorbed by a PV module. Electrical energy is generated, and the resulting heat is stored in a thermal accumulation element with a built-in coil. The element is in direct contact with the back of the PV module. This combination is similar to a PVT solar collector with a built-in heat accumulator, where the storage capacity is enough only to stabilize the temperature. There is an air gap between the PV module and the inner glass of the transparent insulation. The gap is normally closed in winter. At suitable conditions the outside air can pass through the gap and can effectively transfer heat to the fluid flowing in the coil. The temperature control in the room is carried out by an internal thermal accumulation element with a built-in coil. The heat storage in this element is only necessary for temperature stabilization. The external and internal thermal accumulation elements are separated by an insulation. 
Ambient temperature and solar radiation change not only during the season but also during the day. The usage of thermal accumulators with phase change material (PCM) is perhaps the best known solution. The hybrid system can be connected to ready-made accumulators with PCM. Full temperature control can be achieved using a water-to-water heat pump. The built-in PV modules can power the heat pump, which would lead to zero or nearly zero costs for heating and cooling of a building. The proposed hybrid system is applicable in zero energy buildings (ZEB) and nearly zero energy buildings (nZEB).
 Keywords: solar, heating, cooling, honeycomb insulation, PCM, nZEB
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DIP AND DRYING TECHNIQUE: ENABLING COST-EFFECTIVE ACTIVATION OF  STAINLESS STEEL ELECTRODES FOR NEXT-GENERATION OF ZERO-GAP ALKALINE WATER ELECTROLYSERS 

E. Petkucheva1,2, G. Borisov1, J. Iliev1,2, N.Borisov1, E. Slavcheva1,2
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The development of durable, low-cost electrocatalysts for the oxygen evolution reaction (OER) in alkaline media is crucial for sustainable hydrogen production. This work introduces the Dip and Drying Method (DDM), a simple and economical activation strategy for SS316 stainless steel electrodes, offering clear advantages over conventional approaches such as spray coating or galvanic deposition, which often suffer from poor adhesion and rapid degradation.
Unlike external catalyst deposition, DDM exploits the intrinsic catalytic potential of stainless steel. The process involves electrodes immersion in water with a controlled Fe³⁺ precursor, which drives selective iron leaching and surface activation. This treatment exposes nickel sites that transform into Fe-doped NiOOH, a highly active phase for OER.
The effect of processing temperature (20–80 °C) was systematically studied. At 60 °C, DDM produced a compact, continuous catalytic layer with uniform morphology and enhanced oxygen incorporation. This optimized surface structure correlated with superior electrochemical activity for both OER and the hydrogen evolution reaction (HER). Compared to untreated electrodes, the DDM-modified samples exhibited a notable >100 mV reduction in OER overpotential at 100 mA cm⁻², alongside excellent operational stability.
These findings establish the Dip and Drying Method as a scalable and cost-effective route for enhancing stainless steel electrodes. By enabling in situ formation of highly active Fe-doped NiOOH layers, DDM offers significant promise for next-generation alkaline water electrolyzers and efficient green hydrogen production.
Keywords: Zero-gap, Hydrogen generation, Electrolysis, Deep and Dry Method (DDM), Fe-doped NiOOH, Stainless steel, Cost-effective activation 
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RECYCLING AND CONVERSION OF HOUSHOLD WASTE INTO VALUABLE ELECTRODE MATERIAL FOR ENERGY STORAGE

Mariya Kalapsazova, Sonya Harizanova, Tsvetelina Gerasimova and Radostina Stoyanova  Institute of General and Inorganic Chemistry - Bulgarian Academy of Sciences, 
"Acad. Georgi Bonchev" str., bld. 11 , 1113 Sofia, Bulgaria,
 maria_l_k@svr.igic.bas.bg



Conversion of biowastes, obtained by households, into valuable materials is among the main aims of the waste management and circular economy. Due to the high carbon content, biowastes can serve as excellent precursors for synthesizing important carbon materials such as activated carbon, graphene, soft carbons, etc.
Here we reveal the potential of hard carbon (HCs) derived from spent coffee grounds (SCGs)  and walnut shells (WSs) as a promising electrode material for sodium-ion storage. The SCGs-derived carbons were prepared by a classical pyrolysis 1300 °C, while for the WSs-derived carbons additionaly to the pyrolysis a chemical pre-treatment was applied. The effect of the synthesis procedure on the carbon micrstructure and porosity were examined. The electrochemical properties of bio-HCs were analysed in model Na-ion cells with carbonate-based sodium electrolyte. To quantify the Na-storage performance of bio-HCs, we determined four parameters: reversible specific capacity, first irreversible capacity, cycling stability and rate capability. Based on the above results, it is established that WS -derived carbons outperforms SCGs -analogues.  Furhtermore, the best performed bio-HCs  were used as negative electrodes in full sodium-ion cells with sodium transition-metal oxides as positive electrodes. The full-cells testing demonstrates that biowaste-derived hard carbons are a valuable material with potential applications for energy storage in sodium-ion batteries.
 Keywords: biowaste, hard carbon, sodium-ion batteries, sustainable energy storage 
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CARBON ADDITIVES IN NASICON-TYPE ELECTRODES FOR STABILIZING THE SODIUM STORAGE PERFORMANCE
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Sodium-ion batteries (NIBs) are emerging as competitive alternatives to lithium-ion systems, combining low cost and inherent safety with comparable intercalation chemistry. In this context, NASICON-derived materials with compositions AxMy(XO4)n stand out as especially attractive electrode candidates. Although NASICONs deliver excellent cycling stability and high rate capability, their intrinsically low electronic conductivity demands tailored electrode architectures to unlock optimal sodium-storage performance. One of the strategies to address these limitations is the surface modification with electron conducting materials. 
The present work is focused on the electrochemical performance of a multi-electron material with NASICON structure, NaFeVPO4(SO4)2 (NFVPS), decorated with two carbon additives: reduce graphene oxide (rGO) and carbon black (C), using simple ball-milling treatment. The electrochemical tests of the two composites were performed in sodium half-cells in voltammetric and galvanostatic modes at 20 and 40 °C. The cycling voltammograms reveal reversible cathodic and anodic peaks ascribable to Fe2+/3+ and V2+/3+/4+ couples. The sodium storage in the composites is found to occur through capacitive and Faradaic reactions. The Faradaic reaction is facilitated at NFVPS/C composite, while the capacitive reaction dominates for NFVPS/rGO composite. The NFVPS/rGO composite outperforms the carbon black composite in terms of cycling stability and rate capability at 20 and 40 C.
Keywords: sodium-ion batteries; mixed phosphate-sulphate electrodes; NaFeVPO4(SO4)2; carbon composites; cycling stability; rate capability
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A NEW INTEGRATED APPROACH FOR THE EVALUATION OF GREEN SURFACTANTS IN RELATION TO INDUSTRIAL APPLICATIONS
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In many industrial sectors, foams play a critical role in various technological processes. Currently used surfactants in foaming applications are often derived from non-renewable resources (e.g., petroleum) or can have a negative impact on the environment. There is a need to replace these problematic surfactants with green, eco-friendly alternatives.  This project’s objective is to introduce an innovative approach to exploring the applicability of green, biodegradable surfactants in industrial practice, within the field of sustainable technologies and resource efficiency. The approach involves parallel investigations of bulk foams (macro-level), single thin liquid foam films (micro- and nano-level), and the viscoelastic properties of the adsorption layer at a single gas/liquid interface. The combined study of these three systems is expected to enable the identification of suitable green formulations for industrial foam generation.
At this stage, soybean lecithin and two eco-friendly surfactants from Holiferm have been selected: Honeysurf HF (high foaming) and Honeysurf LF (low foaming). Dynamic surface tensions were investigated to evaluate the properties of the adsorption layers. In parallel, studies were carried out on the drainage behavior, stability, and rupture conditions of single liquid films formed from the solutions of the selected surfactants. A new foam analyzer (FA) was constructed to examine the stability of bulk foams. An attempt was made to establish relationships between single surface, film, and foam properties.
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MECHANOCHEMICAL ACTIVATION AS A GREEN ECOLOGICALLY CLEAN METHOD FOR THE TREATMENT OF PHOSPHATE ROCKS FROM SYRIA
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In the area of raw materials, alternative approaches are currently sought out to increase their chemical reactivity, impact on structural-phase transformations, and solid-phase reactions. In the search for sustainable resource recovery systems, new effective, efficient and socially acceptable measures and practices are introduced in order to integrate environmental and climate change policies.
High-energy ball milling (НЕBМ) is a well-known approach for the preparation and modification of various solid materials with increased reactivity. НЕBМ is an alternative ecological method that eliminates the disadvantages of conventional ones, namely the release of gaseous and solid technogenic products. The present work investigates phosphorite samples from a Syrian deposit that were activated via a planetary ball mill with 20 mm Cr-Ni grinders. 
The aim of the study is to determine the occurring structural changes, to follow the solid-state transitions, and the isomorphic substitutions in the anionic sub-lattice in the structure of the main mineral apatite under the influence of HEBM activation. The effect of HEBM is monitored by the use of a complex of analytical methods, such as X-ray powder diffraction (XRD), Fourier transformed infrared (FTIR) measurements and thermal analysis (TG/DTG-DSC), coupled with Pfeiffer Omnistar Mass Spectrometer. 
The study on the activation effect shows the following impacts at micro-level: smaller size of crystallites with increased degree of structural defects leading to metastable phosphorite with increased dispersity. The obtained results show correlation in the behavior of the studied samples in regard to their quartz content and bonded/non-bonded carbonate ions. After НЕBМ activation of the raw samples, A- and A-B type carbonate-apatite are formed. The new isomorphic phases (A- and A-B type carbonate-apatite) decarbonize at temperatures of about 780-850 K and 1050-1100 K. 
 Keywords: Syrian phosphorite, high-energy ball milling, structural changes, Solid-phase synthesis, ecological application
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