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Introduction

The thermochemical conversion of solid waste presents a promising avenue for
sustainable resource management and energy generation. Pyrolysis and gasifica-
tion, in particular, are being extensively researched for their potential to transform
waste streams into valuable products [1].

Advanced pyrolysis techniques are continuously being refined to optimize the yield
and quality of products derived from mixed solid waste. This includes the strategic
use of catalysts and co-pyrolysis methods to enhance desired outcomes [2].

The performance evaluation of gasification technologies at various scales, such as
pilot-scale downdraft gasifiers, is crucial for understanding practical implementa-
tion challenges and optimizing syngas production from municipal solid waste [3].

Pyrolysis of plastic waste is gaining attention not only for energy recovery but also
for the production of biochar, a material with significant potential for environmental
applications like soil amendment and carbon sequestration [4].

Catalytic steam gasification is an evolving area focused on maximizing hydrogen-
rich syngas production from mixed solid waste. The development of effective cat-
alysts is key to improving yield and minimizing undesirable byproducts like tar [5].

The pyrolysis of non-recyclable plastic waste is being investigated for its potential
to yield bio-oil, a liquid fuel. Understanding the influence of process parameters,
such as temperature, on bio-oil properties is vital for its practical application [6].

Torrefaction, a thermal pre-treatment process, is being explored as a means to
enhance the fuel properties of agricultural waste, thereby improving the efficiency
and quality of syngas produced during subsequent gasification [7].

Comprehensive techno-economic and environmental assessments are essential
for evaluating the overall sustainability and financial viability of waste-to-energy
technologies like pyrolysis and gasification, providing critical data for investment
decisions [8].

The moisture content of feedstock significantly impacts gasification performance,
particularly for municipal solid waste. Managing moisture is important for optimiz-
ing syngas composition and overall efficiency in fluidized bed reactors [9].

Co-gasification of challenging waste streams, such as plastic waste and sewage
sludge, offers a synergistic approach to improve resource recovery and waste man-
agement, mitigating individual treatment difficulties and enhancing energy produc-
tion [10].

Description

This research comprehensively explores the thermochemical conversion of solid
waste through pyrolysis and gasification, emphasizing their roles in energy recov-
ery and resource valorization. It delves into the fundamental process mechanisms,
the influence of feedstock characteristics and operating conditions, and the prop-
erties of the resulting syngas and biochar. The study highlights environmental
advantages like waste reduction and greenhouse gas mitigation, while also ad-
dressing technological and economic hurdles for large-scale deployment [1].

Investigating advanced pyrolysis techniques, this work focuses on optimizing prod-
uct yields and quality from mixed solid waste. It examines the impact of catalysts
and co-pyrolysis with different materials on the characteristics of bio-oil and syn-
gas. The findings suggest pathways for producing higher-value products and re-
ducing impurities, contributing to the economic feasibility of waste-to-energy sys-
tems [2].

This study evaluates the performance of a pilot-scale downdraft gasifier for treating
municipal solid waste. It analyzes the syngas composition, tar content, and energy
efficiency under varying operating parameters. The research provides practical in-
sights into controlling the gasification process for stable operation and maximizing
the quality of the produced syngas for potential downstream applications [3].

The article investigates the production and characterization of biochar from the
pyrolysis of different types of plastic waste. It explores the potential of biochar as
a soil amendment and its effectiveness in carbon sequestration. The study high-
lights the importance of understanding feedstock variability in determining biochar
properties and its suitability for various environmental applications [4].

This research examines the catalytic steam gasification of mixed solid waste to
produce hydrogen-rich syngas. It investigates the role of various catalysts in en-
hancing the hydrogen yield and reducing tar formation. The study provides insights
into catalyst design and selection for efficient syngas production from challenging
waste streams [5].

The study focuses on the pyrolysis of non-recyclable plastic waste, evaluating the
properties of the resulting bio-oil and its potential as a fuel. It analyzes the im-
pact of different pyrolysis temperatures on the chemical composition and energy
content of the bio-oil. The research contributes to understanding the feasibility of
plastic waste conversion into liquid fuels [6].

This paper investigates the torrefaction of agricultural waste as a pre-treatment
step for subsequent gasification. It examines how torrefaction affects the fuel prop-
erties and the resulting syngas quality during gasification. The study demonstrates
the benefits of torrefaction in improving the efficiency and performance of biomass
gasification for energy production [7].

The research presents a comprehensive analysis of the economic and environ-
mental impacts of implementing pyrolysis and gasification technologies for solid
waste management. It employs life cycle assessment and techno-economic anal-
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ysis to evaluate the sustainability and financial viability of these processes. The
study offers critical data for policymakers and industry stakeholders considering
waste-to-energy investments [8].

This study investigates the influence of feedstock moisture content on the gasifica-
tion performance of municipal solid waste in a fluidized bed gasifier. It examines
the impact of moisture on syngas composition, cold gas efficiency, and tar for-
mation. The findings highlight the importance of drying and managing moisture
content for optimized gasification outcomes [9].

The research explores the co-gasification of plastic waste and sewage sludge to
mitigate the challenges associated with treating these complex waste streams in-
dividually. It analyzes the synergistic effects on syngas yield and quality, as well
as the reduction in problematic byproducts. This study demonstrates the potential
for improved resource recovery and waste management through integrated ther-
mochemical conversion [10].

Conclusion

This collection of research explores the thermochemical conversion of solid waste
using pyrolysis and gasification technologies. Studies highlight the optimization of
these processes through advanced techniques, catalysis, and pre-treatment meth-
ods like torrefaction. Key products such as syngas and biochar are characterized
for their potential in energy recovery and environmental applications, including
soil amendment and carbon sequestration. Research also addresses the impact
of feedstock characteristics, such as moisture content and waste composition, on
process efficiency and product quality. Furthermore, techno-economic and envi-
ronmental assessments are presented to evaluate the viability and sustainability
of these waste-to-energy solutions. Co-processing of challenging waste streams
like plastics and sewage sludge is investigated for improved resource recovery.
Overall, the research points to the significant potential of these technologies for
waste management and the circular economy, while acknowledging the need for
further development to overcome technical and economic challenges.
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