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Abstract: This study presents a thermodynamic and environmental analysis of four configurations of E-class and F-class
gas turbines and their corresponding combined cycles (CCGT-E and CCGT-F) to explain some of the advantages of
combined cycles over gas turbine cycles. Energy and exergy analyses were conducted to evaluate efficiency, exergy
destruction, specific CO2 emissions (SCE), and sustainability indices. A novel environmental exergy sustainability index
(EESI) was developed and its mathematical proof was presented. The results demonstrate that CCGT-F achieves the
highest exergetic sustainability index (ESI) and EESI values of 1.13 and 1.72, respectively. CCGT-F, with a thermal
efficiency of 56.31% (17.04% higher than GT-F), and CCGT-E, with an efficiency of 48.73% (14.67% higher than GT-
E), exhibit superior performance. From an environmental perspective, CCGT-E and CCGT-F reduce CO2 emissions by
30.1% and 39.5% compared to GT-E, respectively. Conversion of the country's gas power plants to combined cycle could
add at least 7,000 MW grid generation capacity, save fuel, and prevent at least 50,000 tons of daily CO2 emissions.
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1. Upgrading

4. Turbine Inlet Temperature

7. Specific CO2 Emission

10. Exergy-Environmental Sustainability

Index 11. Ebsilon Professional

13. Superheat
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2. Gas Turbine
5. Heat Recovery Steam Generator
8. Environmental Sustainability
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