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A key element of a functioning circular economy (CE) is the efficient recycling of
materials from post-consumer waste streams without contaminating recycling
products. Studies have shown that bottom ash (IBA) from municipal solid waste
incineration (MSWI) is a sink for considerable amounts of elements such as metals or
mineral compounds (Chimenos et al. 1999; Jung et al. 2004). More recent studies have
focussed on the resource potential of precious metals, platinum group metals as well
as rare earth elements contained in the IBA (Allegrini et al. 2013; Morf et al. 2013;
Muchova et al. 2009). From an environmental but also from an economic perspective,
these elements are of particular interest, since their primary production is associated
with large environmental impacts and costs (Nuss & Eckelman 2014). Therefore,
attempts to efficiently recover metals from IBA as clean fractions have increased in the
past few years (Boeni 2017; Born 2018). According to the CE strategy package by the
EU adopted in 2018, recycled metals from MSWI residues can be credited to national
recycling rates from 2020 on (European Commission 2018), which will further foster
metal recycling efforts from IBA. A particular challenge of metal recycling is preventing
quality losses through contamination i.e. producing high-quality metal fractions by
accurate sorting (Daehn et al. 2017; Haupt et al. 2017). Also in Switzerland, optimising
metal recycling from IBA has become a major part in urban mining strategies in the
past few years. Maximizing both the recycling efficiency in general and the quality of
each produced fraction in particular is the main goal of the mechanical IBA processing
plant in Hinwil, Switzerland (Boeni 2017).
The aim of this study was to assess the ecological performance of the IBA
processing plant in Hinwil, Switzerland, with focus on material qualities of the recycled
metal fractions. Based on new mass-flow data, we perform a life cycle assessment
(LCA). The analysis included the recovery of iron, aluminium, copper, lead, silver and
gold. Fraction specific modelling allowed to consider product qualities as well as to
investigate further future recycling potentials (denoted ‘residual metal potentials’) in the
remaining IBA. The substitution potential of every fraction for primary metals was
calculated considering the quality of the recovered metal. In addition to the recycling
process and substitution potential, the implications of the new process on the landfill
emissions of IBA residues were quantified. We considered landfill emissions within a
time period of 1’000 years (base scenario), however, a short-term period of 100 years
(ST scenario) as well as the worst-case scenario of a complete washout (T=∞
scenario) are additionally assessed. The life cycle impact assessment (LCIA) included
the impact categories of climate change, eco- and human toxicity as well as cumulative
exergy demand of minerals extraction.
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The results indicated large environmental savings due to primary metal substitution
and reducing long-term emissions from landfills for every LCIA method. In the base
scenario, metal product substitution contributes between 82 % and more than 99% to
this saving, depending on the impact category. Reductions in landfill emissions were
small in the short-term and base scenario, but became much more important when an
indefinite time horizon was adopted. The fine IBA fractions (<12mm), which are set
free by mechanical crushing, account for 28-54% of the net environmental benefit of
recycling. In case of aluminium, the purity of the finest fraction (0.3-1.2mm) even
enabled a direct recycling as powder without further processing steps, resulting in large
relative credits despite the small absolute amount. The metal-based analysis illustrates
the ecological relevance of recovering non-ferrous (NF) metals although their mass
fraction is small. While copper represents only 4% of the recovered mass, its
contribution to the net environmental credit is between 23% and 50% except for climate
change. In case of gold, which represents less than 0.001% of the recovered mass, its
recovery contributes between 1% and 26% to the net environmental benefit. The
analysis of long-term landfill emissions showed that mainly copper recovery
contributed to reduced environmental impacts. Finally, the analysis of residual metals
revealed that there is a substantial potential of additionally recoverable metals in the
remaining (and currently landfilled) IBA.
Allegrini, E., Holtze, M. S., & Astrup, T. F. (2013). Metal Recovery From Municipal Solid
Waste Incineration Bottom Ash ( Mswiba ): State of the Art , Potential and
Environmental Benefits. 3rd International Slag Valorisation Symposium, 173–176.
Boeni, D. (2017). Statusbericht vom 31. Juli 2017, 41(0).
Born, J. P. (2018). Mining IBA for Precious Metals. In VDI Conference, Metals and
Minerals recovery from IBA, Düsseldorf, November 8th 2018.
Chimenos, J. M., Segarra, M., Fernández, M. A., & Espiell, F. (1999). Characterization
of the bottom ash in municipal solid waste incinerator. Journal of Hazardous
Materials, 64(3), 211–222. https://doi.org/10.1016/S0304-3894(98)00246-5
Daehn, K. E., Cabrera Serrenho, A., & Allwood, J. M. (2017). How Will Copper
Contamination Constrain Future Global Steel Recycling? Environmental Science
& Technology, 51(11), 6599–6606. https://doi.org/10.1021/acs.est.7b00997
European Commission. (2018). DIRECTIVE (EU) 2018/851 OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL of 30 May 2018 amending Directive
2008/98/EC on waste. Official Journal of the European Union (Vol. 2018).
Haupt, M., Vadenbo C., Zeltner C., Hellweg S. (2017). Influence of Input-Scrap quality
on the Environmental Impact of Secondary Steel production. Journal of Industrial
Ecology, 21(2), 391-401. https://doi.org/10.1111/jiec.12439
Jung, C. H., Matsuto, T., Tanaka, N., & Okada, T. (2004). Metal distribution in
incineration residues of municipal solid waste (MSW) in Japan. Waste
Management, 24(4), 381–391. https://doi.org/10.1016/S0956-053X(03)00137-5
Morf, L. S., Gloor, R., Haag, O., Haupt, M., Skutan, S., Lorenzo, F. Di, & Böni, D.
(2013). Precious metals and rare earth elements in municipal solid waste –
Sources and fate in a Swiss incineration plant. Waste Management, 33(3), 634–
644. https://doi.org/http://dx.doi.org/10.1016/j.wasman.2012.09.010
Muchova, L., Bakker, E., & Rem, P. (2009). Precious metals in municipal solid waste
incineration bottom ash. Water, Air, and Soil Pollution: Focus, 9(1–2), 107–116.
https://doi.org/10.1007/s11267-008-9191-9
Nuss, P., & Eckelman, M. J. (2014). Life cycle assessment of metals: A scientific
synthesis. PLoS ONE, 9(7), 1–12. https://doi.org/10.1371/journal.pone.0101298

-2-

