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A techno-economic, energy, and exergy study of solid oxide fuel cell power plants
integrated with calcium looping carbon capture system

Navid Kousheshi

Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran

Abstract

Integrating solid oxide fuel cells (SOFC) with carbon capture technologies is a promising approach for sustainable energy generation
and greenhouse gas mitigation. In this study, two innovative configurations combining an SOFC with a calcium looping (CaL)
system, fueled by natural gas, are investigated. The simulations are performed in Aspen Plus, and thermodynamic results are
followed by a comprehensive techno-economic assessment and sensitivity analysis. The findings indicate that the integrated system
can achieve high CO: capture levels, reducing emissions from 24% (76% capture) to as low as 1% (99% capture). The overall
efficiency of the system increases up to 78%, mainly due to the effective heat recovery from the exothermic reactions occurring in
the carbonator. Increasing the SOFC operating temperature and decreasing the fuel utilization factor both lead to higher energy and
exergy efficiencies. Furthermore, comparison of the two configurations shows that the design equipped with an enhanced
afterburner, despite requiring more fuel, provides superior thermodynamic performance and carbon capture capability, and yields a
lower levelized cost of electricity at higher temperatures. Overall, this study confirms the development potential and economic
viability of SOFC—CaL systems for decentralized power generation and industrial applications.

Keywords: SOFC, Calcium looping, Carbon capture systems, LCoP, Techno-economic assessment, Exergy assessment
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