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A B S T R A C T

Improving the efficiency and reducing the pollutants are the critical concerns for any design of power generation
plants. Identifying the characteristics of the Combined Cycle Gas Turbine (CCGT) system and locating the
optimum operation conditions via simulation models are irreplaceable route due to the huge system and the
impossibility of experimental investigations. To that end, this paper presents modelling analysis with the aim of
enhancing the performance and optimization conditions seeking of the (CCGT) power plant with various
configurations. The developed simulation models are integrated to encapsulate thermal analysis according to
thermodynamics principles, optimization techniques, error analysis, and performance metrics assessment of the
various CCGT system configurations using the MATLAB 10A software. A statistical tool, ANOVA, is utilized to
assess the results and to develop correlations between the power outputs and performance metrics of the CCGT
plants. The new correlations which are developed within the frame of this work are of acceptable accuracy for all
the considered range of the simulation data. The coefficient of determination (R2) is calculated as 0.985 which is
considered satisfactory as well. The validity of the correlations is investigated against actual performance and
operation data extracted from an actual power generation plant, the MARAFIQ CCGT plant in KSA.
Consequently, an error analysis which is carried out considering the actual operation and performance records
of MARAFIQ CCGT plant as a benchmark proved the validity of the model. An error of about 0.8104% is found.
The operation parameters and performance metrics of the CCGT plant are ultimately assessed against variations
of selected parameters via the developed model. Adaptive Neuro-Fuzzy System (ANFIS) is used as an
optimization technique. The highest attained power output and thermal efficiency were 1540 MW and 61%,
respectively. Turbine inlet temperature is found to be the key parameter for the optimum performance (power
and thermal efficiency). The models developed in this work are a powerful tool for analyzing and optimising
CCGT which take the place of very expensive and strenuous experimental works.

1. Introduction

The CCGT plants development nowadays is the result of decisions
taken by politicians since 40 years ago [1]. Several countries have taken
the oil out of power generation as a reaction to the 1973 oil crisis and
due to the increased knowledge about the environmental concerns [1].
The CCGT plants stand for the most efficient technology for energy

conversion, and the most-wanted option selected to satisfy the
increased demand for electric energy in the world [2]. The important
target for all the heavy-duty industrial gas turbine (GT) manufacturers
was achieving an overall thermal efficiency of 60% in the CCGT plants
under ISO conditions [1]. The efficiency improvement term encapsu-
lates reducing both the costs and the harmful emissions. Attaining
higher overall thermal efficiency of the CCGT necessitates optimising

http://dx.doi.org/10.1016/j.rser.2017.05.060
Received 19 May 2016; Received in revised form 25 March 2017; Accepted 14 May 2017

⁎ Corresponding author at: Faculty of Mechanical Engineering, Universiti Malaysia Pahang, Pekan, Pahang 26600, Malaysia.
E-mail address: thamirmathcad@yahoo.com (T.k. Ibrahim).

Abbreviations: ANFIS, Adaptive Neuro-Fuzzy Inference System; CC, Combustion chamber; CCGT, Combined-cycle gas turbine; DA, De-aerator; GT, Gas turbine; HP, High pressure;
HPST, High-pressure steam turbine; HRSG, Heat recovery steam generator; IP, Intermediate pressure; IPST, Intermediate-pressure steam turbine; LP, Low pressure; LPST, Low-
pressure steam turbine; LHV, Lower Heating value; RH, Reheat section; SFC, Specific fuel consumption; ST, Steam turbine; SGTCC, Simple gas turbine combined cycle; TIT, Turbine
inlet temperature; TTD, Terminal temperature difference
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