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Techno-economic evaluation of combined hydrogen, power and heat production from
municipal solid waste via chemical looping process

Department of Mechanical Engineering, Sahand university of technology, Tabriz, Iran
Department of Mechanical Engineering, Sahand university of technology, Tabriz, Iran

H. Farajollahi
S. Hossainpour

Abstract

Chemical looping process is a novel method in thermochemical conversion of wastes to clean energy. This study presents the design
of a 50 MWy, carbon dioxide emission-free plant for combined hydrogen, power, and heat generation plant from municipal solid
waste. The plant was developed by integrating a three-reactor chemical looping system with heat recovery, gas compression, and
desulfurization systems. The techno-economic performance of the plant was examined through process modeling in Aspen Plus
software. Moreover, the required condition for the autothermal operation of the chemical looping process and the impact of key
operational parameters were investigated. The results indicate that a minimum steam-to-fuel mass ratio of 0.14 and an oxygen
carrier-to-fuel ratio of 16 in the fuel reactor are essential for carbon gasification and complete gas combustion. The fuel-to-hydrogen
efficiency was 52.32% and the overall energy and exergy efficiency of the plant were obtained 63.17% and 54.37%, respectively.
The net present value of $156.358 million and a payback period of 2.97 years were calculated, indicating the favorable technical and
economic performance of the proposed plant.

Keywords: Chemical looping, Combined generation, Municipal solid waste, CO; capture, Energy efficiency, Economic analysis.
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! Chemical looping combustion (CLC)

2 Chemical looping gasification (CLG)

% Chemical looping hydrogen production (CLHP)
* limenite

® Autothermal

® Bauxite
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