From solid waste to slag for construction: Demonstrating high temperature slagging
gasification for the treatment of heterogenous waste streams
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Future circular economies must have sustainable waste management systems in place. Currently, many developed
countries incinerate a large fraction of their waste due to the effectiveness of the technology to reduce volume and
mass of waste and hence preserve valuable landfill space. However, this essentially eliminates the option for
recycling of the waste components and instead converts carbon locked in the waste into carbon dioxide emissions.
The technology shift currently in progress is moving from combustion towards pyrolysis and gasification
technologies. In the pyrolysis process an oil is produced which can be turned into new chemical products, while
in the gasification process a syngas is produced that can be catalytically converted to new chemicals e.g. via
Fischer-Tropsch or methanol synthesis. These advanced thermochemical conversion technologies enable chemical
recycling complementing conventional mechanical recycling systems in a circular economy. Gasification in
particular is being explored due to its versatility in heterogenous waste treatment generally allowing to treat more
contaminated and mixed waste streams. Pyrolysis in contrast is typically limited to cleaner waste streams such as
plastics.

High temperature slagging gasification in a vertical shaft type updraft furnace is an adapted technology
from the steelmaking industry [1]. Its design allows to reliably treat various solid waste streams into reusable slag.
A demonstration-scale research facility with a treatment capacity of 11.5 tonnes per day was built in Singapore to
demonstrate the treatment of local waste streams. Among the wastes tested so far are municipal solid waste
(MSW), incineration bottom ash (IBA) [2], landfill material (MM), and sewage sludge (SS) [3, 4]. Originally coal
coke was used in the process. In the research facility this was switched to biomass charcoal to improve the carbon
footprint. The gasifier and process flow overview are shown in Figure 1. Waste is being fed together with biomass
charcoal as auxiliary fuel [5] from the top of the gasifier. The waste is gasified, and residual ash is being melted
in the bottom of the gasifier. Subsequently the molten ash is quenched in water to form a glass-like material called
slag. In multiple operation trials mixing various wastes the metal fate was analysed, and it was found that the metal
distribution varies largely depending on operation condition like mixing ratios, feeding rates and gasifier
temperatures. The syngas is combusted in a secondary combustion chamber followed by a dry flue gas treatment
system utilizing slaked lime mixed with activated carbon as sorbent to remove acidic gases, dioxins and heavy
metals from the flue gas. The emissions from the stack are closely monitored and during the various operation
trials it was found that emissions can remain well below regulatory limits of Singapore.

The main byproduct of the process is slag. The slag is highly leaching-resistant and can be used as a fine
aggregate in concrete without any further treatment. This is possible due to the amorphous structure of the slag
immobilizing heavy metals through encapsulation and chemical bonding in its structure. Generally, slag from most
waste streams can be classified as a non-hazardous waste, and in some cases even as inert waste according to EU
regulations.

In conclusion, high temperature slagging gasification is a promising technology to recycle the inorganic
content of solid waste into reusable construction materials. In particular this technology could potentially be
utilized to treat challenging-to-treat or even hazardous wastes due to its robust design and reliable operation. While
the existing technology design can already benefits land-scare countries like Singapore in extending lifespan of
landfills, further advancements could improve the environmental footprint of this technology even further e.g. by
utilizing the produced syngas for applications such as chemical synthesis, hydrogen or fuel production.
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Figure 1. Demonstration of heterogenous waste stream treatment in the high temperature slagging gasification
process employed at the Waste-to-Energy Research Facility in Singapore.
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