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Abstract: Municipal green waste produced from landscaping and pruning activities constitutes 
a growing fraction of solid waste streams in arid regions, where it is commonly disposed of 
through  open  burning,  uncontrolled  dumping,  or  landfilling.  These  practices  release 
greenhouse gases and particulate pollutants while wasting a renewable carbon resource that 
could otherwise be converted into energy. Thermochemical gasification provides a promising 
route for valorizing such residues into synthesis gas suitable for heat, power, and hydrogen 
production.  However,  large-scale  deployment of  green-waste  gasifiers  remains limited by 
severe tar formation, which causes downstream fouling, catalyst deactivation, and unstable 
plant operation.The investigated feedstock corresponds to a segregated municipal green-waste 
fraction consisting primarily of  woody lignocellulosic material,  including large and small 
branches, wood particles, dry leaves, and paper-derived cardboard, with minor organic fines. 
This  composition  is  lignin-rich  and  therefore  inherently  prone  to  producing  aromatic 
hydrocarbons during devolatilization. As a result, tar formation is not merely an operational 
issue but a chemical consequence of the waste composition itself. Conventional equilibrium 
gasification  models  eliminate  heavy  hydrocarbons  by  assumption,  while  reactor-scale 
simulations emphasize transport phenomena and cannot isolate the intrinsic chemical pathways 
controlling tar persistence. Consequently, the mechanisms governing tar survival in realistic 
green-waste gasification remain unresolved.To address this gap, the gasifier is formulated as a 
chemically  controlled thermochemical  system using a  transient  multiphase kinetic  reactor 
model. The reactor is represented as a perfectly mixed control volume containing interacting 
gas, solid char, and reactive surface phases, enabling simultaneous treatment of homogeneous 
gas-phase  reactions  and  heterogeneous  carbon  reactions.  The  reaction  network  includes 
devolatilization, char gasification with steam and CO₂, oxidation, methane reforming, water-
gas shift, and high-activation-energy aromatic tar reforming reactions. Operating conditions 
are parameterized by equivalence ratio and steam-to-fuel ratio.The study demonstrates that tar 
is fundamentally a kinetic phenomenon rather than an equilibrium limitation, and accurate 
prediction requires coupled heterogeneous–homogeneous reaction modeling. The developed 
framework provides mechanistic insight for designing tar-minimized gasification processes 
and supports deployment of gasification as a sustainable solid-waste management strategy.
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Figure: Physical composition of the municipal green-waste and their pre-treated shredded and sieved samples 
prepared for analysis in this study
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