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abstract
Oxy-combustion is one of the promising carbon capture technologies in fossil fuel power plants.
Currently, the greatest challenge is to find ways to reduce the energy consumption of the process of
oxygen separation from the air. The use of oxygen ion transport membranes (ITM), intensively developed in recent years, especially in terms of use in zero-emission energy units, may be a solution of this
problem. Due to high ITM operating temperatures, they are thermally integrated with a gas turbine,
placed within the structure of a membrane reactor, which replaces the combustor in the gas turbine
installation, performing three functions: separation of oxygen from the air in the ITM, heating the
oxygen-depleted air and fuel combustion. The paper presents a model of the zero-emission combined
cycle power plant with the membrane reactor and results of thermodynamic analysis for the basic
model with assumptions corresponding to currently available technologies and membrane materials.
The analyzes of the influence of the most important membrane parameters, taking into account the
possibilities of improving materials used for ITM as a result of technological progress, on the parameters of AZEP plant are made. The basic model of the analyzed power plant obtained the electricity
generation efficiency of 51.2%, which is a competitive result compared with other units equipped with
carbon capture. However, the analysis for improved ITM materials showed that at the case of assumed
technological progress it is possible to increase net electric efficiency of AZEP plant by 0.5%–0.8%
point, achieving up to almost 52%. The higher efficiency was achieved for the lower compression ratio
of gas turbine than for the basic model, which could also lead to lower capital costs. Therefore, the presented results confirmed that the further development of the ITM for the power plants with membrane
reactors would contribute to both higher efficiency of electricity production and lower investment
costs of these power plants.
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