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Power Plant Thermal Efficiency Analysis Model

1. Foreword

Conventional thermal power plants can be classified by their thermal power circulation medium. ,
For example, those whose circulating fluid involves phase changes between steam and cooling water are
called Rankin cycle power plants, or conventional steam cycle power plants. Those using air circulation
are called Brayton cycle power plants. Most base-load power plants in Taiwan currently use steam
turbines to run the Rankin cycle for continual long term operation, while the peak-load power plants use
air turbines that use air as a circulating fluid to run the Brayton cycle. The latest power plants use both
cycles, called combined cycle plants, which have advantages in achieving improved thermal efficiency.

One of the advantages of steam cycle thermal power plants is that there are various heat sources
available for thermal power generation, such as fossil fuel, nuclear fission reaction, and solar energy.
Figure 1 shows the schematic of a typical steam cycle power plant, where fuel is burnt in the boiler to
heat the circulating fluid (liquid water) to generate high pressure steam to turn the turbine blades, rotate
the turbine and thus drive the power generator. The electricity produced is fed into the power system via a
dispatching network. A steam turbine system usually consists of a series of high, medium, and low
pressure steam turbines so that the steam can be recycled and the majority of the steam energy is utilized,
thereby increasing overall thermal efficiency. The low pressure steam exiting from the turbine is passing
through a condenser and condensed into liquid water for recycling. The cooling water in the condenser

could potentially be sourced from the sea, a river or a lake, so that the waste heat is removed using
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natural water bodies. Alternatively, the condenser could be air cooled, where the waste heat is removed
into ambient air, so that heat pollution is minimized. The exhaust air from the boiler, is then treated by
various scrubbing operations such as SCR, ESP, FGD to remove pollutants including oxides of sulfur,
oxides of nitrogen, carbon dioxide, suspension particles, etc, prior to releasing the exhaust air to the

atmosphere.
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