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Abstract - The integration of biological treatment strategies with circular resource
management offers a sustainable solution for restoring hydrocarbon-contaminated land
while simultaneously valorizing organic residues. This study evaluates the performance
of waste-derived amendments - including biochar, rhamnolipid biosurfactants, compost,
and digestate - in enhancing biological and bioelectrochemical degradation processes.
Laboratory and pilot-scale experiments were conducted to assess contaminant
removal, electrochemical activity, and shifts in microbial community structure.
Biochar obtained from biomass pyrolysis was tested as a conductive soil amendment
in microbial electrochemical systems. An optimized dose of 8 % (w/w) resulted in
hydrocarbon removal efficiencies up to 87.8 % and a maximum current density of
3.5 A/m? demonstrating improved extracellular electron transfer. Higher biochar
concentrations reduced performance, likely due to mass-transfer limitations and
decreased abundance of electroactive genera such as Geobacter and Desulfuromonas.
Rhamnolipid biosurfactants produced from organic waste substrates were applied to
increase contaminant bioavailability. A concentration of 100 mg/L enhanced removal
to 72.5 % and increased current output ninefold compared with untreated controls,
alongside enrichment of electroactive and hydrocarbon-degrading microbial taxa. A
sequential treatment combining electro-Fenton oxidation with a rhamnolipid-assisted
bioslurry phase was also investigated. Electrochemical oxidation using boron-doped
diamond electrodes achieved 70.6 % degradation and generated more biodegradable
intermediates, which were subsequently mineralized during the biological phase,
leading to an overall removal of 93.6 % within 72 hours. These findings demonstrate that
materials derived from organic waste streams can significantly intensify remediation
processes while contributing to resource recovery and waste reduction. Optimization of
amendment dosages, reduction of energy demand, and validation at field scale are key
steps toward practical implementation.
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