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Abstract

This paper presents the development, modelling, experimental validation and life cycle assessment of an advanced hydrogen
plasma-assisted gasification technology with in-situ hydrogen generation through plasma-assisted steam dissociation (HPGAH)
for the conversion of construction plastic waste into renewable energy and reusable materials. The proposed system integrates high-
temperature hydrogen plasma dissociation, controlled partial oxidation, and post-plasma catalytic reforming to promote advanced
polymer decomposition and hydrogen-rich synthesis gas formation. A comprehensive thermochemical and fluid-dynamic modeling
framework was developed using SolidWorks, ANSYS, MATLAB & Simulink, and AspenOne to describe plasma generation,
reactor heat transfer, plastic pyrolysis kinetics, and syngas formation. Laboratory-scale tests were carried out to characterize the
thermal degradation and fractionation behaviour of polyethylene waste, while the high-temperature plasma conversion stage was
assessed through reactor observations, numerical modelling and comparative performance indicators. The results indicate the
feasibility of the proposed configuration, although complete gas-phase validation, including tar, particulate and carbon-conversion
measurements, remains necessary. A comparative life-cycle analysis (LCA) and economic assessment were performed against
conventional waste treatment technologies, including incineration, low-temperature pyrolysis, conventional gasification, and air
plasma gasification.
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