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Development of a novel configuration for trigeneration of
thermal, cooling, and electrical energy using an integrated
ejector cycle and heat pump

Abstract: In this study, a novel trigeneration configuration is proposed that integrates
an Organic Rankine Cycle (ORC), a heat pump, and an ejector refrigeration cycle into a
unified system. Unlike previous works that focused on improving only one subsystem,
the present configuration simultaneously utilizes low-grade thermal energy for power
generation, heating, and cooling, while employing engineered working-fluid blends
instead of pure refrigerants to enhance multi-purpose performance. The energy and
exergy analyses, supported by numerical simulation, show that the overall exergy
efficiency of the system reaches 42%, with the highest exergy destruction occurring in
the heater and generator, and the lowest in the separator and mixer. Sensitivity analysis
reveals that the secondary-flow mass ratio is a key parameter governing ejector behavior.
Increasing the superheat degree improves the COP of the refrigeration cycle but has a
limited effect on net power output. A genetic algorithm was applied to optimize the
operating conditions, demonstrating that coordinated adjustment of turbine pressure
ratio, generator pinch temperature difference, and generator temperature can
significantly enhance energy efficiency, exergy efficiency, and the specific unit cost of
product. The findings confirm the superior performance of the proposed integrated
configuration compared with conventional single-cycle systems and highlight its strong
potential for efficient utilization of low-temperature heat sources

Keywords: Combined production cycle, Ejector refrigeration cycle, Exergy efficiency,
Exergy destruction, Genetic algorithm
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