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Abstract

With the global energy transition and advancing carbon reduction targets, gas turbine combined cycle power plants have become
crucial for peak load regulation and clean energy supply in power systems due to their high efficiency and low emissions. The
Mitsubishi F5 gas turbine combined cycle system demonstrates significant economic advantages in modern power markets through
its over 62% combined cycle capacity and excellent operational flexibility. However, long-term economic viability faces challenges
from fuel price fluctuations, environmental temperature variations, equipment aging, and variable operating conditions. This study
focuses on operational economic mechanisms, integrating thermal performance analysis with empirical data modeling to identify key
factors affecting levelized cost of electricity (LCOE), including fuel cost elasticity, load rate response characteristics, and maintenance
strategies. Innovative approaches proposed include intelligent combustion temperature control, enhanced waste heat recovery, and
digital twin-driven variable operating condition optimization. Research findings indicate that multi-variable coordinated control and
condition-based maintenance integration can improve integrated energy efficiency by 5%-6% while ensuring emission compliance,
effectively reducing lifecycle operating costs.
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