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The transition toward a sustainable, low-carbon economy has placed biomass val-
orization and green fuel production at the forefront of catalytic research. Indeed, due
to the current energy scenario (with geopolitics playing a significant role [1,2]) and ex-
isting environmental problems, this transition is becoming increasingly relevant, with
interest growing among local and international organizations. Indeed, the United Nations
(UN) and its Sustainable Development Goals (SDGs) are the cornerstone for this energy
transition, promoting responsible consumption and clean energy policies, among other
activities [3]. In this sense, different wastes can be valorized, like sewage sludge [4] or
lignocellulosic biomass in agro-industrial residue [5,6], among others. However, green tech-
nologies present different challenges for their implementation on an industrial scale, mainly
requiring efficiency improvement, along with other factors. This is why the development
of green catalysts, whose performance should be outstanding, is important, as these new
products should have a low environmental impact during their production, performance,
and final management after use. The reason for this research effort is simple, as these new
processes should be a feasible replacement (from an economic and environmental point of
view) for the fossil fuel industry.

Considering the above, this Collection Series deals with current research devoted to
innovative alternatives for the sustainable catalytic conversion of biomass into valuable
products, with a special focus on the valorization of different kinds of waste. Thus, the 24
works included in this collection are mainly focused on the development of efficient, selec-
tive, and environmentally benign catalytic systems for converting renewable feedstocks
into value-added chemicals and fuels. Although the subjects covered by these works are
heterogeneous (dealing with different issues, from biodiesel production to the synthesis
of several chemicals), some common and interesting ideas or findings can be inferred, as
observed in Figure 1.

As observed in this figure, the following points can be inferred:

e  There is a special focus on feedstocks, especially those derived from waste, including
lignocellulosic biomass, glycerol, vegetable oils and fatty acids, plastic waste and
co-pyrolysis residues, and biomass-derived platform molecules. These feedstocks
are mainly used for conversion into biofuels (like ethanol, biodiesel or green diesel,
among others) and value-added chemicals (such as acetol, xylitol, acrolein or organic
acids). This fact highlights the strong commitment to the circular economy in this
Special Issue.

e  The use of innovative heterogeneous catalysts, in general, is based on transition metals
like Ni (for hydrogenation, deoxygenation and reforming), Cu (for glycerol conversion
and hydrogenolysis), Co (for hydrodeoxygenation and Fischer-Tropsch synthesis), Fe
and Ru (for redox reactions and hydrogenation), or Ag (for NO, reduction and surface

Catalysts 2025, 15, 804

https://doi.org/10.3390/catal15090804


https://doi.org/10.3390/catal15090804
https://doi.org/10.3390/catal15090804
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/catalysts
https://www.mdpi.com
https://orcid.org/0000-0001-7153-4761
https://doi.org/10.3390/catal15090804
https://www.mdpi.com/article/10.3390/catal15090804?type=check_update&version=2

Catalysts 2025, 15, 804

2 of 5

activation). These active phases are normally supported on different materials, some
of them advanced ones, like activated carbon, biochar, clay minerals (like attapulgite
or vermiculite), metal oxides (for instance, ZrO,, CeO,, Al,O3 or TiO,), zeolites, or
mesoporous silica. To improve the characteristics and performance of these catalysts,
support modification (through doping, surface functionalization or the use of nanos-
tructures) is normally required to enhance metal dispersion, acid—base properties, and
redox behavior.

The search for green technologies and process intensification. In order to reduce energy
and solvent consumption or integrate multiple steps in single and efficient processes,
these studies are typically based on different green principles, like microwave-assisted
or ultrasound-induced synthesis, hydrodynamic cavitation for pre-treatments, deep
eutectic solvents and ionic liquids for better extraction and catalytic performance, etc.
The improvement of selectivity towards the desired products by assessing different
pathways for this purpose. Thus, different steps are included in this Special Issue, like
hydrodeoxygenation for the conversion of triglycerides and fatty acids into diesel-
range hydrocarbons; the hydrogenolysis and reforming of glycerol and polyols into
acetol, propanediol and syngas; esterification and transesterification for biodiesel
production; the dehydration and oxidation of biomass-derived alcohols and acids into
different chemicals; and the co-pyrolysis and catalytic cracking of biomass and plastics
into fuels and aromatic compounds.

A complete characterization of the catalysts and main products, along with their corre-
sponding feedstocks and intermediate products, has been carried out, including X-ray
diffraction analysis (XRD), scanning electron microscopy (SEM), and transmission elec-
tron microscopy (TEM) for structural and morphological analysis; Brunauer-Emmett-
Teller (BET) surface analysis for surface area and porosity determination; X-ray pho-
toelectron spectroscopy (XPS) and Fourier transform infrared spectroscopy (FTIR)
to determine surface chemistry and functional groups; temperature-programmed
detection and reduction (TPD and TPR) for acidity basicity and redox behavior, etc.
These techniques allowed the correlation between molecular structure and activity
(or deactivation pathways like coking, sintering, or leaching), the determination of
reaction mechanisms, and the identification of active sites.

One of the most relevant issues in this field is the optimization of the process to
compete with pre-established industries (normally based on petroleum). Thus, the
optimization of catalytic performance is essential, and several articles included in this
Special Issue incorporate statistical and computational tools for this purpose (response
surface methodology, principal component analysis, multiple regression analysis, and
kinetic modeling, among others).

Finally, the main objective of these works is their ultimate environmental and energy
application. Thus, the implementation of these technologies in a biorefinery context is
feasible in many cases, addressing global sustainability challenges like the production
of renewable fuels to replace fossil-derived ones, pollution control (reducing NO, and
volatile organic compounds emissions and improving wastewater treatments), and
carbon neutrality (through CO, valorization and biomass carbon recycling). In this
sense, life cycle assessment will be a prevailing tool to validate new green technologies,
considering as many stages as possible (from cradle to grave).
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Figure 1. Summary of the present Topical Advisory Panel Members’ Collection Series about biomass
catalytic conversion.

In conclusion, according to these works, catalytic biomass conversion to obtain differ-
ent fuels and chemicals is a continuously evolving field, which is mainly characterized by
the interdisciplinary integration of different fields like catalysis, materials science, green
chemistry, and process engineering. Also, scalability and implementation at the industrial
scale represent one of the main goals of these works, including techno-economic analy-
sis and life cycle assessment, proving the practical character of these studies. Thus, the
future of this field is highly linked to the UN Sustainable Development Goals, especially
concerning clean energy and responsible consumption.

Regarding future prospects, these works point out different promising research lines,
like the following:

e  The use, optimization, and combination of enzymatic and heterogeneous catalysts for
mild reaction conditions and selective conversions.

e  The design of catalysts through artificial intelligence, using machine learning to predict
optimal composition and structures for better catalytic performance.

e  The development of electrocatalysis and photocatalysis for CO, reduction or solar-
driven biomass conversion, among other applications.

e  The implementation of modular biorefineries to integrate multiple catalytic processes
into compact and decentralized units.

e  Circular economic strategies promoting the valorization of waste through co-processing.

To sum up, in the current energy scenario, where decarbonization is a reality, the
role of catalysts is essential to support sustainable chemical production and renewable
energy systems. These innovative works (which contribute to a strong foundation for
energy transition), in addition to expanding current knowledge within this field, also
provide valuable information about the foundations of biomass catalytic conversion (from
feedstocks and catalysts to final products), highlighting this collection’s value in reinforcing
the scientific background in this area.

Funding: This research received no external funding.

Acknowledgments: As the Guest Editor of this Topical Advisory Panel Members’ Collection Se-
ries, I would like to thank all the involved authors, whose commitment and professionalism have
contributed to the success of this collection.

Conflicts of Interest: The author declares no conflicts of interest. The author has read and agreed to
the published version of the manuscript.



Catalysts 2025, 15, 804

40f5

List of Contributions

1.

10.

11.

12.

13.

14.

15.

16.

17.

Lin, C.-Y,; Tseng, S.-L. Investigation into the Fuel Characteristics of Biodiesel Synthesized
through the Transesterification of Palm Oil Using a TiO, /CH30ONa Nanocatalyst. Catalysts 2024,
14, 623. https:/ /doi.org/10.3390/ catal14090623

Joshi, N.; Loganathan, S. Cold Plasma Techniques for Sustainable Material Synthesis and
Climate Change Mitigation: A Review. Catalysts 2024, 14, 802. https://doi.org/10.3390/ catall
4110802.

Song, J.; Wang, D.; Wang, Q.; Cui, C.; Yang, Y. Selective Control of Catalysts for Glycerol and
Cellulose Hydrogenolysis to Produce Ethylene Glycol and 1,2-Propylene Glycol: A Review.
Catalysts 2024, 14, 685. https:/ /doi.org/10.3390/ catal14100685.

Nogales-Delgado, S.; Gonzalez Gonzélez, ].F. The Role of Catalysts in Life Cycle Assessment
Applied to Biogas Reforming. Catalysts 2024, 14, 592. https://doi.org/10.3390/ catal14090592.
Wang, M.; Cai, J.; Jiao, L.; Bu, Q. Biomass-Derived Co/MPC Nanocomposites for Effective
Sensing of Hydrogen Peroxide via Electrocatalysis Reduction. Catalysts 2024, 14, 624. https:
//doi.org/10.3390/ catal14090624.

Tang, L.; Otho, A.R.; Laghari, M.; Junejo, A.R.; Brohi, S.A.; Chandio, EA.; Otho, S.A.; Hao, L.;
Mari, I.A.; Dahri, J.; et al. Optimizing Algal Oil Extraction and Transesterification Parameters
through RSM, PCA, and MRA for Sustainable Biodiesel Production. Catalysts 2024, 14, 675.
https://doi.org/10.3390/ catal14100675.

Gajewska, S.; Wréblewska, A.; Fajdek-Bieda, A.; Kaminska, A.; Srefiscek-Nazzal, J.; Miadlicki, P;
Michalkiewicz, B. Oxidation of Geraniol on Vermiculite—The Influence of Selected Parameters
on the Oxidation Process. Catalysts 2024, 14, 714. https://doi.org/10.3390/catal14100714.

Liu, L,; Yu, F; Wang, S.; Ye, X.P. Synergistic Effects of Nonthermal Plasma and Solid Acid
Catalysts in Thermo-Catalytic Glycerol Dehydration. Catalysts 2024, 14, 790. https://doi.org/
10.3390/ catal14110790.

Kemp, A.; Rahman, T.; Jahromi, H.; Adhikari, S. Production of Aviation Fuel-Range Hydrocar-
bons Through Catalytic Co-Pyrolysis of Polystyrene and Southern Pine. Catalysts 2024, 14, 806.
https:/ /doi.org/10.3390/ catal14110806.

Ferreira, K.K; Ribeiro, L.S.; Pereira, M.ER. Analysis of Reaction Conditions in Palmitic Acid
Deoxygenation for Fuel Production. Catalysts 2024, 14, 853. https://doi.org/10.3390/catal14120
853.

Sobus, N.; Piotrowski, M.; Czekaj, I. Catalytic Transformation of Biomass-Derived Hemicel-
lulose Sugars by the One-Pot Method into Carboxylic Acids Using Heterogeneous Catalysts.
Catalysts 2024, 14, 857. https:/ /doi.org/10.3390/ catal14120857.

Torres-Lifidn, J.; Garcia-Rollan, M.; Ruiz-Rosas, R.; Rosas, ].M.; Rodriguez-Mirasol, J.; Cordero,
T. Carbon-Based Catalysts from H3PO4 Activation of Olive Stones for Sustainable Solketal and
v-Valerolactone Production. Catalysts 2024, 14, 869. https://doi.org/10.3390/catal14120869.
Dominguez-Barroso, V.; Herrera, C.; Larrubia, M.A.; Gonzalo Loépez, C.; Ramos, D.B.; Alemany,
L.J. Heterogeneization of Biodiesel Production by Simultaneous Esterification and Transesterifi-
cation of Oleins. Catalysts 2024, 14, 871. https://doi.org/10.3390/ catal14120871.

Garcfa, L.L.O.; Florindo, R.H.S.; Saez, V.; Wojcieszak, R.; Ramon, J.; Itabaiana Jr., I. Enhanced
Thermostability of Laccase from Myceliophthora thermophila Through Conjugation with mPEG-
SC. Catalysts 2024, 14, 887. https://doi.org/10.3390/ catal14120887.

Lazaro, N.; Ronda-Leal, M.; Vargas, C.; Ouyang, W.; Pineda, A. One-Step Ball Milling Synthesis
of Zr-Based Mixed Oxides for the Catalytic Study of Methyl Levulinate Conversion into y-
Valerolactone Under Microwave Irradiation. Catalysts 2025, 15, 35. https:/ /doi.org/10.3390/
catal15010035.

Zhang, H.; Shi, J.; Han, C.; Song, Z.; Xiao, Y.; Li, X. Ultrasound-Induced Construction of
CuxCos_4O4/Attapulgite for Catalytic Degradation of Toluene. Catalysts 2025, 15, 252. https:
//doi.org/10.3390/ catal15030252.

Chen, L.; Wu, J; Chang, A.; Lu, G.-P.;; Cai, C. Carbon-Coated Cobalt-Catalyzed Hydrodeoxy-
genation of Lipids to Alcohols. Catalysts 2025, 15, 254. https:/ /doi.org/10.3390/catal15030254.


https://doi.org/10.3390/catal14090623
https://doi.org/10.3390/catal14110802
https://doi.org/10.3390/catal14110802
https://doi.org/10.3390/catal14100685
https://doi.org/10.3390/catal14090592
https://doi.org/10.3390/catal14090624
https://doi.org/10.3390/catal14090624
https://doi.org/10.3390/catal14100675
https://doi.org/10.3390/catal14100714
https://doi.org/10.3390/catal14110790
https://doi.org/10.3390/catal14110790
https://doi.org/10.3390/catal14110806
https://doi.org/10.3390/catal14120853
https://doi.org/10.3390/catal14120853
https://doi.org/10.3390/catal14120857
https://doi.org/10.3390/catal14120869
https://doi.org/10.3390/catal14120871
https://doi.org/10.3390/catal14120887
https://doi.org/10.3390/catal15010035
https://doi.org/10.3390/catal15010035
https://doi.org/10.3390/catal15030252
https://doi.org/10.3390/catal15030252
https://doi.org/10.3390/catal15030254

Catalysts 2025, 15, 804 50f5

18. Maldonado-Martin, F,; Garcia, L.; Ruiz, J.; Oliva, M.; Arauzo, ]. Selective Conversion of Glycerol
to Acetol: Effect of the Preparation Method of CuAl Catalysts and Reaction Phase. Catalysts 2025,
15, 348. https://doi.org/10.3390/ catal15040348.

19. Liu, C.; Shi, J. Understanding Lipase-Deep Eutectic Solvent Interactions Towards Biocatalytic
Esterification. Catalysts 2025, 15, 358. https:/ /doi.org/10.3390/ catal15040358.

20. Qin, Y; Li, D.; Mahmood, S.; Che, |J.; Xiang, T.; Yao, S. Microwave-Assisted Oxidative Degrada-
tion of Lignin Catalyzed by Hydrogen Peroxide—Alkaline Ionic Liquid System. Catalysts 2025,
15, 367. https:/ /doi.org/10.3390/ catal15040367.

21. Tavares, F; Camilo, EF; Zbair, M.; Limousy, L.; Brendle, J. Silver-Modified Biochar: Investigating
NO; Adsorption and Reduction Efficiency at Different Temperatures. Catalysts 2025, 15, 392.
https://doi.org/10.3390/ catal15040392.

22.  Ulevitiené, V,; Bal¢itinaité, A.; Upskuviené, D.; Plavniece, A.; Volperts, A.; Dobele, G.; Zhurinsh,
A.; Niaura, G.; TamaSauskaité-Tamasitinaité, L.; Norkus, E. Synthesis of Nitrogen-Doped
Biomass-Based Activated-Carbon-Supported Nickel Nanoparticles for Hydrazine Oxidation.
Catalysts 2025, 15, 400. https:/ /doi.org/10.3390/ catal15040400.

23. Prado, C.A.; daSilva, A.J.E.B.; Fernandes, PA.FH.P,; Shibukawa, V.P.; Jofre, EM.; Rodrigues,
B.G.; da Silva, S.S.; Mussatto, S.I.; Santos, ].C. Hydrodynamic Cavitation-Assisted Photo-Fenton
Pretreatment and Yeast Co-Culture as Strategies to Produce Ethanol and Xylitol from Sugarcane
Bagasse. Catalysts 2025, 15, 418. https:/ /doi.org/10.3390/ catal15050418.

24.  Umenweke, G.C.; Pace, R.; Récalt, T.; Heintz, O.; Caboche, G.; Santillan-Jimenez, E. Support
Effects on Fe- or Cu-Promoted Ni Catalysts Used in the Catalytic Deoxygenation of Tristearin
to Fuel-like Hydrocarbons. Catalysts 2025, 15, 501. https://doi.org/10.3390/catal15050501.

References

1. Ali, AH,; Abdalla, M. Energy Transitions Era: Geopolitical Characteristics and Connotations in The Arab Gulf States. Sustain.
Futures 2025, 10, 100808. [CrossRef]

2. Borozan, D. Assessing the impact of geopolitical risk, energy import dependence, and economic policy uncertainty on energy
consumption. Energy Effic. 2025, 18, 59. [CrossRef]

3. UN Sustainable Development Goals. 2019. Available online: https:/ /sdgs.un.org/goals (accessed on 28 July 2025).

4. Hu, Y,; Chen, Z. Thermochemical Conversion of Sewage Sludge: Progress in Pyrolysis and Gasification. Water 2025, 17, 1833.
[CrossRef]

5. Santana, H.E.P; Jesus, M.; Santos, J.; Rodrigues, A.C.; Pires, P.; Ruzene, D.S.; Silva, I.P; Silva, D.P. Lignocellulosic Biomass
Gasification: Perspectives, Challenges, and Methods for Tar Elimination. Sustainability 2025, 17, 1888. [CrossRef]

6. Cai, J.; Wei, L.; Wang, J.; Lin, N.; Li, Y,; Li, F; Zha, X.; Li, W. Application of Catalysts in the Conversion of Biomass and Its

Derivatives. Catalysts 2024, 14, 499. [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.


https://doi.org/10.3390/catal15040348
https://doi.org/10.3390/catal15040358
https://doi.org/10.3390/catal15040367
https://doi.org/10.3390/catal15040392
https://doi.org/10.3390/catal15040400
https://doi.org/10.3390/catal15050418
https://doi.org/10.3390/catal15050501
https://doi.org/10.1016/j.sftr.2025.100808
https://doi.org/10.1007/s12053-025-10340-2
https://sdgs.un.org/goals
https://doi.org/10.3390/w17121833
https://doi.org/10.3390/su17051888
https://doi.org/10.3390/catal14080499

	References

