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Lignocellulosic biomass has long been recognized as the most abundant renewable source of organic matter on Earth. Primarily composed of cellulose, hemicellulose, and lignin [1], lignocellulosic materials may be defined as products resulting from biomass processing that preserve attributes such as sustainability and eco-friendliness while aiming to replace traditional petrol-based products in many applications [2]. Switching to lignocellulosic-based polymeric materials is primarily motivated by the need to transition from fossil carbon-based resources to sustainable, circular, bio-based, and sometimes economically cheaper, alternatives [3].



The transition may be sped up by environmental regulations, increasing knowledge of processing technologies, and rising educated consumer demand for eco-friendly products [4]. On the other hand, biomass recalcitrance is the main reason why the processing and valorization of various products may be regarded as challenging. Continuous research efforts are targeting the particular, specific, and optimal conditions of raw material components’ separation and further value-adding to all separated components [5].



Lignocellulosic-based polymeric materials represent the primary renewable resource for bio-based materials and chemicals, as well as being promising, efficient, and sustainable solutions for environmental remediation. Oxidation of cellulose microcrystalline powder resulted in new aerogel-type materials that can be used for the decontamination of marine sediments [6]. Assessing the environmental performance of the studied materials led to conclusions regarding the best synthesis route, as well as the associated environmental impact.



Biomass polymeric composition can influence the results of thermochemical processing. Armanu and coworkers provided an assessment of the main characteristics of three different feedstocks and of the relations between biomass polymeric composition, thermochemical conversion path, and char yield [7]. Thus, the authors demonstrated that the char yield can be predicted and is strongly dependent on the biomass polymeric composition.



Agricultural residues or agro-industrial byproducts are well known as a viable feedstock for the production of biopolymers [8], with the potential to replace wood as a cheaper source of cellulose for further chemical modification [9]. The work of Nakyp et al. details the process of cellulose extraction from rice straw using water–alkaline solution treatment and the subsequent process of carboxymethylation of the obtained product when activated by microwave radiation [10]. The study is particularly important because of the high availability of rice straw as an agricultural byproducts. Unlike conventional strategies for chemical modification of cellulose, etherification under microwave irradiation offers the possibility of obtaining cellulose derivatives in a faster manner and with better values of degree of substitution [11].



The paper concerning the potential use of Medicago sativa stems as a feedstock in a multi-output integrated biorefinery approach [12] falls under the same umbrella as the previous discussion: the valorization of agri-wastes. The work addresses the case of potentially lost lucerne stems as a result of improper forage management. By using the stems to obtain protein-rich extracts and further processing them to create papermaking fiber, hemicelluloses, and lignin-rich fractions, waste lucerne stems reveal their potential as a new raw material.



The discussion concerning the integrated biorefinery concept is to be continued if the subject of lignin valorization is taken into account. The work of Driscoll et al. covers the production of functional materials from lignocellulosic biomass [13]. In this proof-of-concept study, lignin-derived, fully bio-based polyesters were synthesized via a simple metal-free, organo-catalytic method as a way to reduce the environmental strain and replace fossil-based polymers and plastics.



Production of bacterial cellulose is of particular importance because of its high-value polymer characteristic, with a wide range of potential applications in multiple industry sectors [14]. Quiñones-Cerna et al.’s study addresses optimization using artichoke bract as a culture medium for bacterial cellulose production [15]. The findings validate the technical and structural feasibility of the produced biopolymer and highlight the valorization potential of a low-cost agricultural residue through an eco-efficient biotechnological process, contributing to the development of functional materials derived from renewable sources.



The importance of hydrogen bonds in lignocellulosic biomass and lignocellulosic polymeric material structures has long been acknowledged by the scientific community [16,17]. Hydrogen bonding operates both intra- and intermolecularly, as well as through matrix type bonding, with hemicelluloses acting as a natural binder of lignin and cellulose [18]. Hydrogen bonding is responsible for both lignocellulosic biomass and the resulting processing products’ structural integrity, mechanical strength, and even resistance to chemical or biological degradation [19].



The modification of hydrogen bonds in different types of wood species can enhance existing properties or induce new ones. Generally, whether organic or inorganic, most of these treatments target mechanical properties, dimensional stability, and durability, leading to better utilization of some wood species, and improving the ecofriendliness of many applications [20]. The importance of wood treatment for increased stability and durability is also a research objective for Andze and coworkers, who show that sodium hydroxide treatment alone results in increased mechanical performance compared with more complex chemical routes, while relying on milder chemistry and preserving the bulk polymer framework of the wood [21].



Finally, lignocellulosic biomass and derived polymeric materials continue to establish themselves as a foundation of sustainable materials science, offering versatile pathways toward the replacement of fossil-based resources across multiple industrial sectors. The research presented in this Special Issue highlights the possibilities arising from the valorization of cellulose, hemicellulose, and lignin—from aerogel-type decontamination materials and bio-based polyesters to bacterial cellulose and chemically modified agricultural residues. The integrated biorefinery concept, supported by advances in thermochemical processing, chemical modification, and biotechnological approaches, proves central to revealing the full potential of both dedicated biomass crops and agro-industrial byproducts. Furthermore, a deeper understanding of structural features, such as hydrogen bonding, alongside optimized treatment strategies, continues to drive improvements in the mechanical performance and durability of lignocellulosic products. Collectively, these efforts reflect a growing scientific commitment to advancing lignocellulosic-based polymeric materials as sustainable, circular, and economically viable solutions for the challenges of a post-fossil fuel economy.






Author Contributions


All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Makaveckas, T.; Šimonėlienė, A.; Šipailaitė-Ramoškienė, V. Lignin Valorization from Lignocellulosic Biomass: Extraction, Depolymerization, and Applications in the Circular Bioeconomy. Sustainability 2025, 17, 9913. [Google Scholar] [CrossRef]

	



Sugiarto, S.; Pong, R.R.; Tan, Y.C.; Leow, Y.; Sathasivam, T.; Zhu, Q.; Loh, X.J.; Kai, D. Advances in sustainable polymeric materials from lignocellulosic biomass. Mater. Today Chem. 2022, 26, 101022. [Google Scholar] [CrossRef]

	



Beena Unni, A.; Muringayil Joseph, T. Enhancing Polymer Sustainability: Eco-Conscious Strategies. Polymers 2024, 16, 1769. [Google Scholar] [CrossRef] [PubMed]

	



Grossman, A.; Vermerris, W. Lignin-based polymers and nanomaterials. Curr. Opin. Biotechnol. 2019, 56, 112–120. [Google Scholar] [CrossRef]

	



Lorenci Woiciechowski, A.; Dalmas Neto, C.J.; Porto de Souza Vandenberghe, L.; de Carvalho Neto, D.P.; Novak Sydney, A.C.; Letti, L.A.J.; Karp, S.G.; Zevallos Torres, L.A.; Soccol, C.R. Lignocellulosic biomass: Acid and alkaline pretreatments and their effects on biomass recalcitrance—Conventional processing and recent advances. Bioresour. Technol. 2020, 304, 122848. [Google Scholar] [CrossRef] [PubMed]

	



Di Clemente, M.E.; Barjoveanu, G.; Todaro, F.; Notarnicola, M.; Teodosiu, C. Bio-Based Materials as a Sustainable Solution for the Remediation of Contaminated Marine Sediments: An LCA Case Study. Polymers 2024, 16, 2101. [Google Scholar] [CrossRef] [PubMed]

	



Armanu, E.-G.; Secula, M.S.; Tofanica, B.-M.; Volf, I. The Impact of Biomass Composition Variability on the Char Features and Yields Resulted through Thermochemical Processes. Polymers 2024, 16, 2334. [Google Scholar] [CrossRef]

	



Selvam, T.; Rahman, N.M.M.A.; Olivito, F.; Ilham, Z.; Ahmad, R.; Wan-Mohtar, W.A.A.Q.I. Agricultural Waste-Derived Biopolymers for Sustainable Food Packaging: Challenges and Future Prospects. Polymers 2025, 17, 1897. [Google Scholar] [CrossRef]

	



Abolore, R.S.; Jaiswal, S.; Jaiswal, A.K. Green and sustainable pretreatment methods for cellulose extraction from lignocellulosic biomass and its applications: A review. Carbohydr. Polym. Technol. Appl. 2024, 7, 100396. [Google Scholar] [CrossRef]

	



Nakyp, A.; Cherezova, E.; Karaseva, Y.; Shalmagambetov, K.; Aleksandrov, A.; Zhapparbergenov, R.; Akylbekov, N.; Turmanov, R. Extraction of Lignocellulose from Rice Straw and Its Carboxymethylation When Activated by Microwave Radiation. Polymers 2024, 16, 3208. [Google Scholar] [CrossRef]

	



dos Santos, D.M.; de Lacerda Bukzem, A.; Ascheri, D.P.R.; Signini, R.; de Aquino, G.L.B. Microwave-assisted carboxymethylation of cellulose extracted from brewer’s spent grain. Carbohydr. Polym. 2015, 131, 125–133. [Google Scholar] [CrossRef]

	



Puițel, A.C.; Bârjoveanu, G.; Balan, C.D.; Nechita, M.T. Medicago Sativa Stems—A Multi-Output Integrated Biorefinery Approach. Polymers 2025, 17, 1709. [Google Scholar] [CrossRef]

	



Driscoll, O.J.; van de Pas, D.J.; Torr, K.M.; Thomas, H.P.; Vendamme, R.; Feghali, E. An Integrated Biorefinery Proof of Concept: The Synthesis of Fully Bio-Based, Functional Lignin Polyester Copolymers of Cyclic Anhydrides and Epoxides Towards Polyol Applications and Tunable Bio-Derived Materials. Polymers 2025, 17, 2806. [Google Scholar] [CrossRef] [PubMed]

	



Cruz, M.A.; Flor-Unda, O.; Avila, A.; Garcia, M.D.; Cerda-Mejía, L. Advances in Bacterial Cellulose Production: A Scoping Review. Coatings 2024, 14, 1401. [Google Scholar] [CrossRef]

	



Quiñones-Cerna, C.E.; Barraza-Jáuregui, G.; Cruz-Monzón, J.A.; Hurtado-Butrón, F.; Soriano-Bernilla, B.S.; Gutiérrez-Rodríguez, D.M.; Huanes-Carranza, J.; Ugarte-López, W.; Rodríguez-Soto, J.C.; Robles-Castillo, H.M.; et al. Utilization of Hydrolyzed Agro-Industrial Waste from Arti-Chokes to Obtain Structurally Functional Bacterial Cellulose by Komagataeibacter rhaeticus QK23. Polymers 2025, 17, 2783. [Google Scholar] [CrossRef]

	



Kamdem Tamo, A.; Doench, I.; Deffo, G.; Zambou Jiokeng, S.L.; Doungmo, G.; Fotsop, C.G.; Tonleu Temgoua, R.C.; Montembault, A.; Serghei, A.; Njanja, E.; et al. Lignocellulosic biomass and its main structural polymers as sustainable materials for (bio)sensing applications. J. Mater. Chem. A 2025, 13, 24185–24253. [Google Scholar] [CrossRef]

	



Li, Q.; Dong, Y.; Hammond, K.D.; Wan, C. Revealing the role of hydrogen bonding interactions and supramolecular complexes in lignin dissolution by deep eutectic solvents. J. Mol. Liq. 2021, 344, 117779. [Google Scholar] [CrossRef]

	



Zhang, T.; Hu, Y.; Dong, Y.; Jiang, S.; Han, X. The Influence of Hydrogen Bonding in Wood and Its Modification Methods: A Review. Polymers 2025, 17, 2064. [Google Scholar] [CrossRef]

	



Gunasekaran, M.; Kumar, G.; Karthikeyan, O.P.; Varjani, S. Lignocellulosic biomass as an optimistic feedstock for the production of biofuels as valuable energy source: Techno-economic analysis, Environmental Impact Analysis, Breakthrough and Perspectives. Environ. Technol. Innov. 2021, 24, 102080. [Google Scholar] [CrossRef]

	



Ran, Y.; Li, J.; Zhang, S.; Wang, J.; Huang, Y.; Wang, W.; Cao, J. Super-stable modified wood for enhanced autonomous indoor humidity regulation. Chem. Eng. J. 2024, 488, 150814. [Google Scholar] [CrossRef]

	



Andze, L.; Nefjodovs, V.; Zoldners, J.; Milbreta, U.; Skute, M.; Vecbiskena, L.; Filipova, I.; Andzs, M. NaOH-Only Pretreated Wood Densification: A Simplified Sulfite-Free Route Across Wood Species. Polymers 2026, 18, 312. [Google Scholar] [CrossRef]












	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2026 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license.



























nav.xhtml


  polymers-18-01498


  
    		
      polymers-18-01498
    


  




  





