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Thermodynamic evaluation of a multi-generation system based on solar energy and
biogas fuel using gas turbine, carbon dioxide recompression cycle and multi-effect

desalination
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S. F. Ranjbar Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran

Abstract

In this study, the evaluation of a new solar energy-based multiple generation cycle for generating power, fresh water and heating is
carried out. This study presents a multiple generation system of solar energy, multi-effect desalination, gas turbine cycle and carbon
dioxide recondensation cycle. In this way, the performance of the system was investigated from the perspective of the first law of
thermodynamics. Then, the second law of thermodynamics was used to determine the efficiency of each subsystem. Economic
analysis and environmental analysis have also been carried out. In the end, in order to understand the behavior of system
performance criteria with design parameters, a comprehensive parametric study has been done. The results show that the proposed
cogeneration system can produce 2420 kW of power, 1.625 kg/s of fresh water and 106.1 kW of heating. Also, the energy efficiency
and exergy of the whole simultaneous production system have been calculated as 60.92% and 53.42%, respectively. Also, the overall
cost rate and carbon dioxide emission rate are 38.75 $/kWh and 170.9 kg/MWh, respectively.

Keywords: Gas turbine, Carbon Dioxide Recompression, multi-effect desalination, solar collector, Kalina cycle, biogas.
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