An innovative biofiltration system was developed for efficient hydrogen sulfide (H₂S) removal from biogas, ensuring safe utilization, preventing equipment corrosion, and reducing air pollution. The system consists of a vertical cylindrical biofilter filled with modified materials: sewage sludge pyrolyzed at 600 °C and treated with KOH (NB), and porous lightweight concrete (CLC) impregnated with FeCO₃. Their combination enables three H₂S removal mechanisms: adsorption on the high‑surface‑area NB, catalytic oxidation in CLC layers, and accelerated biological oxidation by Pseudomonas spp. and Thiobacillus spp. An automatic humidification and nutrient‑supply system maintains 40–60% moisture and pH 6.0–7.0. Experiments showed up to 92% H₂S removal efficiency at a 0.2 L/min inlet flow and 500–2000 ppm concentration. Fluorescence microscopy confirmed active biofilm formation, while modified materials extended the biofilter’s lifespan by 35%. The system is sustainable, cost‑effective, suitable for laboratory and industrial use, and allows material regeneration to reduce environmental impact.

