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Abstract 

The aim of the study was to quantify the environmental impact of four alternative recycling 

methods of thermal residues generated within the case study area chosen. Overall, 90 

combinations of 13 scenarios were included in the study and a sensitivity analysis was 

performed. The recycling methods that were assessed included forest fertilization and 

neutralization, landfill construction, road construction, and road stabilization. Other scenarios 

focused on the regional optimization, distribution of heavy metals under L/S ratio 10 L/kg, 

and uncertainty related to the determination of heavy metals at levels that were lower than the 

analytical limits of quantification. The alternative scenarios were studied using a comparative 

life cycle assessment method with the system expansion. The results indicated the extent to 

which each recycling method was superior to landfilling within non-toxic impact categories, 

with the average reduction in the environmental impact being 10-30% when the residues 

were utilized for forest fertilization, road construction, and stabilization, and by 3-12% when 

the residues were utilized for landfill construction. The majority of the impact resulted from 

avoiding the need to landfill the residues since this could be achieved even at a zero 

substitution rate in the majority of the cases. In terms of the toxic impact categories, the use 

of the residues for road construction purposes had a more positive impact on the environment 

that the alternative uses, resulting in a reduced ecotoxicity potential and carcinogenic human 

toxicity potential of 30% and 40% respectively, and an increase in non-carcinogenic human 

toxicity potential of only 4%. Most of the toxic impact was the result of Ba, V, Sb, Co, Cr, 

and Zn leaching. In addition, the study concluded that a lack of the leaching data below the 

limits of quantification was significant for the overall toxic results of the study. 
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