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The incineration of municipal solid waste for energy recovery is a well-established technology for the treatment
of urban waste in the European context, with almost 500 plants in 23 countries treating approximately 100 million
tonnes per year (CEWEP, 2024). In this process, the inert fraction not taking part in the combustion reaction
generates a solid residue known as incineration bottom ash (IBA). IBA is a heterogeneous, granular material, and
typically amounts to 15-30% by weight of the incinerated waste. It is mainly composed of a mineral fraction (50—
70%), glass and ceramics (10-30%), ferrous metals (5—15%), non-ferrous metals (1-5%), and unburned residues
(1-5%). However, its composition varies depending on the characteristics of the waste being incinerated and on
the operating conditions of the waste-to-energy (WTE) process (Syc et al., 2020). The mineral component consists
primarily of calcium, magnesium, and iron silico-aluminates.

The aim of this work is to provide an overview of the state of the art regarding the generation,
management, and treatment of IBA from WTE processes in the European context. A literature review was carried
out to gather up-to-date data on the annual and specific generation of IBA in different European countries as well
as on their management. In fact, the latest version of the BREF (Best Available Techniques Reference Document)
for waste incineration (Neuwahl et al., 2019) reports data on IBA from 43 European treatment plants that refer to
the year 2014, i.e. very outdated. Moreover, through the examination of permitting documents and public
environmental reports from treatment plants of IBA, some facilities were selected to understand the implemented
innovative technologies.

The review indicates an annual generation of IBA in Europe (EU27 plus Norway, Switzerland, and
United Kingdom) of nearly 20 million tonnes. The highest generation levels are found in Germany (6 million
tonnes), the United Kingdom (3.2 million), France (2.4 million), the Netherlands (1.8 million), and Italy (1.1
million). The corresponding average specific production (relative to the weight of waste subjected to incineration)
is approximately 20%, with a range between 14% and 27% due to differences in the composition of the incinerated
waste and in WTE plant configurations.

Regarding the final management of IBA, the analysis of the mass balances in the different European
countries shows that the recovery of metals — both ferrous and non-ferrous — plays a central role in the treatment
process. This is because a significant share of the economic return of treatment plants derives from the sale of
metal scraps. Based on data available for 11 countries (representing 68% of European IBA generation), the overall
average recovery rate of metals is 86 kg per tonne of treated IBA, with values ranging from 34 kg/t (Norway) to
104 kg/t (Switzerland). For seven of these countries, additional recovery data broken down by metal type are
available: the amount of recovered ferrous metals is on average 66 kg/t, while that of non-ferrous metals is on
average 26 kg/t. About the mineral fraction, data collected from eight countries (accounting for 78% of total IBA
generation) show that, on average, the treatment of one tonne of IBA generates between 759 and 940 kg of mineral
fraction. Management data indicate that, on average, 62% of this fraction is recovered for high-quality uses, 21%
is recovered for landfill-related applications (e.g. daily cover layers or access roads), and 17% is disposed of,
including IBA sent directly to landfill without pretreatment. However, management practices significantly vary
from country to country.

Five IBA treatment plants were analysed in detail because considered to be at the forefront of the
European sector, for the technologies adopted, the types of fractions recovered, and/or the level of metal recovery
achieved. In particular, taking into account the ash extraction method at the WTE plant (dry/wet), the subsequent
treatment type (wet/dry), and its specific objective, the five selected facilities are: Afatek A/S (Copenhagen,
Denmark) for dry treatment of wet-extracted IBA; Brantner Osterreich GmbH (Hohenruppersdorf, Austria) for
wet treatment of IBA to maximize the recovery of metallic fractions; Heros Sluiskil B.V. (Heros, Netherlands) for
wet treatment of IBA to improve the characteristics of the recovered mineral fraction; ZAV Recycling plant
(Hinwil, Switzerland) for dry treatment of dry-extracted IBA to maximize the recovery of metallic precious
fractions; treatment at SAIDEF WTE plant (Posieux, Switzerland) as an example of the implementation of an
emerging technology (i.e. high-voltage selective fragmentation) at industrial scale. For each plant, the scheme of
the treatment process, quantitative data regarding the mass balance, and other technical-environmental information
(e.g. annual input waste, annual electricity consumption, collection distance of the input waste, uses of the mineral
fraction, and certifications of end-of-life outputs) were gathered and compared.
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In conclusion, the study has allowed to obtain an up-to-date overview of the quantities of IBA generated
at the European level, as well as of the technologies adopted for its treatment.
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