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Abstract

In the current research, thermodynamic, economic modeling and multi-objective optimization of the wind
energy-based electricity generation system consisting of a wind farm and a gas turbine to supply electricity
to the city of Melbourne in Australia were discussed. In order to model the investigated system and also to
obtain the results of the system analysis, engineering equation solving software was used. In this study, a
multi-objective optimization was carried out to find the most optimal state of the system with respect to the
changes of 8 parameters affecting the system performance, including the number of wind turbines, gas
turbine efficiency, gas turbine inlet temperature, compressor efficiency, aftercooler efficiency, intercooler
efficiency, input pressure to the compressed air energy storage tank and pressure ratio using a combination
of neural network method and genetic algorithm. The optimal results showed that the system in its most
optimal state can reach an exergy efficiency of 47.88% and a cost rate of 2369.29 $/h, and the optimal
number of wind turbines to form a powerful wind farm in the optimal state was 155. The results of exergy
analysis showed that the total rate of exergy destruction of the system (total exergy destruction of equipment
and units) is 1733 kWh. The results showed that the system can produce 115743600 kWh of electricity
during the year, with a cost rate of 11539944 $/year. The environmental results showed that by producing
115,743 MWh of electricity, it could prevent the emission of 23,611 tons of carbon dioxide per year, reduce
$566,680 in environmental costs, and help expand 114 hectares of green space.

Keywords: Renewable system, neural network, multi-objective optimization, genetic algorithm, wind
energy, wind turbine.
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