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Abstract

The significant generation of municipal solid waste (MSW) has become a
controversial global issue. Pyrolysis and gasification technologies for treating
rejects from solid waste disposal sites (SWDSs), for which over 50 % of MSW is
attributed to combustible species, have attracted considerable attention. MSW
is an alternative energy source that can partly replace fossil resources; there is
an increasing awareness that global warming caused by the utilization of fossil
resources is occurring.

The goal of this thesis is to realize the efficient and rational utilization of
MSW and decrease the harmful impact of pollutants, such as dioxin, HCl, and
CO2, on the environment. To achieve this goal, some fundamental studies have
been experimentally and numerically conducted to enhance the understanding
of the properties of municipal solid waste thermal conversion.

In this thesis, the pyrolysis behaviors of single pelletized recovered fuel were
tested. A detailed comparison of the pyrolysis behaviors of typical recovered
solid waste and biomass particles was conducted. A swelling phenomenon with
a swelling ratio of approximately 1.6 was observed on the surface of pelletized
recovered fuels. Subsequently, a particle model was constructed to describe
the thermal conversion process for large recovered fuel particles that are
composed of a high fraction of polyethylene (PE) and a comparable low fraction
of cardboard. The results indicate that an understanding of the heat transfer
mechanism in highly porous and molten structures and the selection of a heat
transfer model are crucial for accurate prediction of the conversion process.

MSW pyrolysis is a promising method for producing liquid products.
With the exception of lignocellulosic materials, such as printing paper
and cardboard, PE, polystyrene (PS), polypropylene (PP), polyethylene
terephthalate (PET), and polyvinyl chloride (PVC) are the six main polymers
in domestic waste in Europe. Characterization studies of the products obtained
from these individual components, such as PE, PET, PVC, printing paper,
and cardboard, have been conducted on a pyrolysis-gas chromatography/
mass spectrometry (Py-GC/MS) system and a fixed-bed reactor. The possible
pathways for the formation of the main primary/secondary products in rapid
and conventional pyrolysis were also discussed.

MSW steam gasification with CaO was performed in a batch-type fixed-bed
gasifier to examine the effect of CaO addition on the heat transfer properties,
pollutant removal, and devolatilization and char gasification behaviors in the
presence of steam.

A new carbon capture and recycle (CCR) system combined with an
integrated municipal solid waste system was proposed. The foundation of
the system is the development of a novel method to remediate CO2 using a
high-temperature process of reforming CH4 and/or O2 and/or H2O without
catalysts. Thermodynamic and experimental studies were performed. High
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temperatures significantly promoted the multi-reforming process while
preventing the problem of catalyst deactivation. Potential improvements in the
efficiency of the novel technology can be achieved by optimizing the reforming
reactants. Landfill gas (LFG) and fuel gas from bio-waste treatment contain a
considerable fraction of CH4, which may be a source of CH4 for this process.  
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