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Description
In this research, the supply of fossil-free energy carriers to cities from waste is investigated.

Today, less than 20% of the energy use in EU households is being produced from renewable 
energy sources (including wood-fired stoves!) (1).
The current trend of electrification of household energy systems (e.g. heating and cooking) 
combined with renewable electricity production is slow. Also the solutions for matching 
the intermittent production to the consumption are only gradually being implemented. 

Innovative waste-to-resources concepts, encompassing sustainable use of resources 
and energy, can serve as an additional source of electricity supply and alternative energy 
carriers in a continuous mode.

This novel approach to waste management is extended to historic waste in the concept 
of Enhanced Landfill Mining (ELFM) (Fig. 1):“the safe exploration, conditioning, excavation 
and integrated valorisation of (historic, present and/or future) landfilled waste streams 
as both materials (Waste-to-Material) and energy (Waste-to-Energy), using innovative 
conversion technologies and respecting the most stringent social and ecological criteria.”(2)

Approach
Plasma gasification is selected as the thermochemical conversion technology for achieving the most complete and versatile conversion of waste into secondary energy carriers(3). The 
organic fraction of the waste material is transformed into syngas (CO + H2) and the inorganic residue melts into a vitrified non-leachable slag. The latter can be further upcycled into 
products for construction (isolation/tiles/bricks), while syngas can serve a wide variety of end applications (Fig. 2). The conditions and process parameters of these technologies have been 
investigated and extensively listed.

Due to the heterogeneous nature of the material and process fluctuations, the produced gas mixture contains a large numbers of unwanted components. Compilation of available data from 
literature and industry revealed the concentration of these contaminants at the gasifier outlet to be multiple orders of magnitude larger than the imposed threshold by the downstream 
syngas conversion technologies (Fig. 3).

This shows the importance of syngas cleaning, with the reduction of the tar levels in syngas as the most problematic issue. To that end, the cracking of tar in syngas by corona plasma 
(at elevated T) is being researched at our lab (Fig. 4). Furthermore, a thorough market research has been performed, which indicated a limited experience in syngas cleaning (in contrast to 
flue gas cleaning).

Comparative analysis
Several waste-to-resources scenarios were calculated in detail and compared to one another. For example, the process chain for combined heat and power (CHP) production (a) with 
a Rankine cycle was compared to that of an integrated combined cycle (b), combining a Brayton cycle with a Rankine cycle. The technological performance and ecological considerations 
were evaluated.(4) 
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Fig. 2: Overview of some of the possible conversion 
pathways of syngas. 

Fig. 3: Range of contaminant concentrations at gasifier
 outlet (red) and required for syngas conversion (green)

Fig. 4: Lab test unit for tar cracking by corona plasma


